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Abstract

The fact that business firms sizes show long-term stable skewed distributions is a well-
established ‘stylized fact’ of industrial demography. One of the plausible explanations of this
phenomenon is based on Gibrat’s law of proportionate effect. Other explanations focus on
optimal allocation of scarce factors of production. This paper proposes a different explanation,
based on evolutionary mechanisms of industrial development, especially those related to
search for innovation and selection. The outline of the evolutionary model of industrial
dynamics is presented in the first section of the paper. In the second, part a simulation study
of the model, focused on the necessary conditions of emergence of skewed firm size distribu-
tions, is presented. It is shown how skewed size distributions emerge if we allow firms to
search for innovation and allow for entry of new firms. © 1998 Elsevier Science B.V.

Keywords: Innovation; Competition: Evolutionary economics

1. Introduction

Kaldor (1985) argued that ““we do not really know the causes of the uniformity
in pattern which emerged in the last 50 years, under which not more than three
large firms accounts for the great majority of total sales (perhaps 70 to 80% the
total or more), while the remainder is divided among a large number of small firms
(normally, several hundreds). This pattern emerged in so many different industries —
like manufactures of automobiles and other durable consumer goods newspapers or
advertising agencies — that there must be some explanation in the dynamics of
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competition that goes beyond the considerations usually taken into account. Clearly,
increasing returns to scale has in a broad sense something to do with it, but that
cannot be the whole explanation since the numbers seems to be similar in countries
as different as the United States or Switzerland. One may find (I am putting this as
a hypothesis) that the leading producers have similar market shares in both countries,
even though the size of the market is 20 to 30 times as large in one case as in the
other”. The empirical data suggests the almost commonly accepted idea that size
distributions of firms of real industries are very similar (on face value) to Pareto,
Yule, or log-normal distributions, although it should be mentioned that significant
departures from these theoretical patterns are frequently observed. Probably the
simplest stochastic model that will yield skewed distributions is based on the
following assumption: ““Year-to-year changes infirm sizes are governed by a simple
Markoff process in which the probabilities of the size changes of any specific
percentage magnitudes are independent of a firm’s present absolute size.” (Ijiri and
Simon, 1977).

Most models focused on the investigation of firm size distribution assume that
changes of firms’ sizes are determined by Gibrat’s ‘law of proportionate effect’. In
its simplest form, this ‘law’ states that growth rates are identical independent prob-
ability distributions (i.i.d.) random variables independent of size. This generates log-
normal distributions, or, under suitable modifications, Yule or Pareto distributions.
In formal terms, the law can be formulated as:

xO)y=a+fix;(t—1)+€(1). (hH

where x,(¢) is the log size of firm / at time ¢, o is a growth component common to
all firms, and ¢ is a random term. Gibrat’s law assumes that ¢ is i.i.d and for all i,
p; is equal to 1 (i.e. the expected rate of growth is independent of the present size).

From the economic point of view the explanations focused on interpretations of
the distributions in terms of dynamics of growth process are more convincing than
those focused on static cost curves. The other approach to explain skewness of
distributions is focused on optimal allocation of scarce factors of production. This
paper proposes a different explanation of the skewed distributions ‘stylized fact’, It
is argued that this explanation should be worked for in evolutionary mechanisms
of industrial development. As our analysis shows, the specific shape of firm size
distributions may be a result of the joint working of well-known evolutionary
mechanisms of economic development, among them search for innovation and
competition (selection mechanisms). We base our reasoning on the simulation results
of an evolutionary model of industrial dynamics. Simulation results of the model
(Kwasnicki, 1996) suggest the high relevance of the model to describing real indu-
strial phenomena. The confidence we obtained during the past experiments with the
model suggests that explanations of the skewness of firm size distributions proposed
here are indeed close to reality.

A thorough investigation of firm size distribution was presented in the classical
study by ljiri and Simon (1977). Most of their models were build under two
assumptions: (1) the probability distribution for the changes in size of firms is the
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same for all size classes of firms (the law of proportionate effect); and (2) new firms
are being ‘born’ in the smallest-size class at a relatively constant rate. It was shown
that under these assumptions the Yule distribution will be the steady-state distribu-
tion of the process. If f{7) is the probability density of firm size / and /= represents
the minimum size s,,. then the Yule distribution is given by:

f@)=pBl.p+1). (2)

where B(i, p+1) is the Beta function of i and (p+1) and p is a parameter. For
i—o0 it was shown that:

fi)=pl(p+1)i ¥, (3)

which is the Pareto distribution (/7 is the gamma function). The Yule distribution
results instead of the log-normal distribution due to the second assumption of a
constant ‘birth rate’ of new firms.

Converting Eq. (3) to logarithms yields the linear relationship:

log[ f(i)]= —p log(i)+a constant. (4)

Numerous empirical studies show that the observed size distributions of business
firms fit Eq. (4), although in many cases concavity of firm size distribution is
observed. ljirt and Simon (1977) propose two economic explanations for such
concavity, the first based on the autocorrelation of growth and the second based on
mergers and acquisitions.

Classical explanations of observed skewness of firm size distribution mention
nothing about the nature of rates of growth of individual firms and the underlying
mechanisms of development. However, it seems only plausible to ask the questions
to what extent the skewness phenomenon is the result of mechanisms of industrial
development and what are the necessary conditions to observe the skewness? The
first attempt to investigate such phenomena from an evolutionary point of view was
proposed by Dosi et al. (1993). They assume that an ‘industry’ is composed of
several ‘sectors’, each corresponding to particular technological and market regimes.
Each ‘sector’ on its turn is composed of ‘micro sectors’ (1.e. groups of relatively
homogenous products or technologies). The model allows for such phenomena as
learning dynamics, birth of new firms and multi-product diversification. Dosi et al.,
show how skewed distributions of firm sizes of the Pareto type may emerge at the
aggregate level (i.e. summing over a relatively large number of micro-sectors).

The main goal of this paper is to show how skewed firm size distribution emerge
at the level of an industry. To investigate this phenomenon, the evolutionary model
of industrial development presented, e.g. in Kwasdnicki and Kwasnicka (1992, 1994)
and Kwasnicki (1996) is applied. This model was built without any intention to
describe any specific properties of industrial processes. Rather, the intention was to
imitate the general mechanisms of industrial development and to observe the model’s
behaviour for specific initial conditions and compare this with well known ‘stylized
facts’ of industrial development. In particular, there was no intention to build in
any particular mechanisms leading to a specific firm size distribution. It was simply
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assumed that a number of firms compete on a single market of specific products
and that through price strategies and search for innovation firms try to earn relatively
high current profit and try to operate on the market as long as possible.

All evolutionary processes, starting from biological evolution, through cultural,
social and technological evolutions and ending in the development of our personal
knowledge, have common, general properties. They are dynamic, with specific histor-
ical features in which macro-characteristics result from activities of individual agents.
Fundamental features of evolutionary processes are diversity and heterogeneity of
behaviour. Selection and search for innovation are two basic mechanisms of develop-
ment. However, one should keep in mind that each particular evolutionary process
has its own peculiarities, e.g. those related to investment, capital formation and
price setting in economic evolution. Mechanisms of search for innovation seem to
be the common property of all evolutionary processes and in fact this part of the
industrial model is ‘borrowed’ from a former model of biological evolution. This is
also reflected in the nomenclature used, such as mutation, recombination and so on,
which is well-known in biological models.

2. The evolutionary model of industrial dynamics

The model is described in detail in Kwasnicki and Kwasnicka (1992, 1994) and
Kwasnicki (1996). Due to space limitations, the presentation of the model here will
be confined to a general description without going into the mathematical details.
The model describes the behaviour of a number of competing firms producing
functionally equivalent products. The decisions of a firm relating to investment,
price, profit, etc. are based on the firm’s evaluation of behaviour of other, competing
firms and the expected response of the market. The firm’s knowledge of the market
and knowledge of the future behaviour of competitors is limited and uncertain.
Firms’ decisions can thus only be suboptimal. The decisions are taken simultaneously
and independently by all firms at the beginning of each period (e.g. once a year or
a quarter). After the decisions are made, the firms undertake production and put
the products on the market. The products are evaluated by the market and the
quantities of different firms’ products sold in the market depend on the relative
prices, the relative value of products’ characteristics and the level of saturation of
the market. In the long run, a preference for better products, i.e. those with a lower
price and better characteristics, prevails.

Each firm tries to improve its position in the industry and in the market by
introducing innovations in order to minimize the unit costs of production, maximize
the productivity of capital and maximize the competitiveness of its products on the
market. The general structure of the model is presented in Fig. 1.

The product’s price depends on the current technology of the firm, on market
structure and on the assumed level of production to be sold on the market. The two
arrows between price and production indicate that the price is established in an
interactive way to fulfil the firms objectives (1.e. to keep relatively high profits in the
near future and to assure further development in the long run). Modernization of
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Fig. 1. General structure of the evolutionary industrial model.

products through innovation and/or initiating new products by applying radical
innovation depends on the investment capacity of the firm. Thus, in managing
innovation, each firm takes into account all economic constraints, as they emerge
during the firm’s development. It thus frequently occurs that economic constraints
prevent a prosperous invention from being put into practice.

One of the distinguished features of the model is the coupling of technological
devglooment and economic processes. Current investment capacity is taken into
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research and imitation of competitors. Public knowledge allows not only for imita-
tion of competitors, but may also concern the research process (the arrow from
public knowledge to autonomous rescarch indicates this influence). From all inven-
tions, only a small fraction is selected to actually be used. Innovation may modernize
current production, but can also initiate new. radical way of production, i.e. by
introducing essentially new technology. In general, each innovation may reduce unit
costs, increase the productivity of capital and improve product performance.

However, it frequently happens that improvement of one factor is accompanied by

deterioration of the two other. Firms therefore face the problem of balancing positive

and negative factors of each invention. An invention will only become an innovation
if the positive factors prevail.

In the model, each firm may simultaneously produce products with different prices
and different values of the characteristics, i.e. the firm may he a multi-unit operation.
Different units of the same firm manufacture products by employing ditferent sets
of routines. Multi-unit firms exist because of searching activity. New technical or
organizational solutions (i.e. a new set of routines) may be much better than the
actual ones, but immediate full modernization of production is not possible because
of investment constraints on the firm. In such situations the firm continues pro-
duction using the old routines and tries to open a new unit where production
applying the new set of routines is started on a smaller scale. Subsequently, old
production techniques may be slowly phased out.

Simulation of industry development is performed in discrete time in four steps:
(1) The search for innovation (i.e. search for new sets of routines which potentially

may replace the old set currently employed by a firm).

(2) Firms’ decision making process (calculation and comparison of investment,
production, net income, profit and some other characteristics of development
which may be attained by employing the old and the new sets of routines.
Decisions of each firm on: (a) continuation of production by employing old
routines or modernizing production: and (b) opening (or not) of new units).

(3) Entry of new firms.

(4) The selling process (market evaluation of the offered pool of products: calcula-
tion of firms’ characteristics, production sold, shares in global production and
global sales, total profits, profit rates, research funds, etc.).

2.1. The search for innovation

The creative process is evolutionary by nature and as such its description should
be based on a proper understanding of the hereditary information ( Kwasnicki,
1996). According to the tradition established by Schumpeter and Nelson and Winter
(1982), we use the term ‘routine’ to name the basic unit of the hereditary information
of a firm. The set of routines applied by the firm is one of the basic characteristics
describing it. In order to improve its position in the industry and in the market,
each firm searches for new routines and new combinations of routines to reduce the
unit costs of production, increase the productivity of capital and improve the
competitiveness of its products in the market. Nelson and Winter (1982) define
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routines as ‘‘regular and predictable behavioural patterns of firms™ and include in
this term such characteristics as “‘technical routines for producing things...procedures
of hiring and firing, ordering new inventory, stepping up production of items in
high demand, policies regarding investment, research and development, advertising,
business strategies about product diversification and overseas investment.” A large
part of research activity is also governed by routines: “‘Routines govern choices as
web as describe methods and reflect the facts of management practice and organiza-
tional sociology as well as those of technology.” (Winter, 1984).

Productivity of capital, unit costs of production and characteristics of products
manufactured by a firm depend on the routines employed by the firm (examples of
the product characteristics are reliability, convenience, lifetime, safety of use, cost
of use, quality and aesthetic value). The search activities of firms involve the
manipulation and recombination of the actual technological and organizational
ideas and skills associated with a particular economic context’ ( Winter, 1984), while
the market decisions depend on the product characteristics and prices. We may
speak about the existence of two spaces: the space of routines and the space of
product characteristics. '

We assume that at time ¢ a firm is characterized by a set of routines actually
employed by the firm. There are two types of routines: active, that is, routines
employed by this firm in its everyday practice and /atent, that is, routines which are
stored by a firm, but not actually applied. Latent routines may be included in the
active set of routines at a future time. The set of routines is divided into separate
subsets, called segments, consisting of similar routines employed by the firm in
different domains of the firm’s activity. Examples are segments relating to productive
activity, managerial and organizational activity, marketing and so on. In each
segment, either active or latent routines may exist. The set of routines employed by
a firm may evolve. There are four basic mechanisms for generating new sets of
routines, namely: mutation, recombination, transition and transposition.

The probability of discovering a new routine (mutation) depends on the research
funds allocated by the firm for autonomous research, that is, in-house development.
It 1s assumed that routines mutate independently of each other. The scope of
mutation also depends on funds allocated for in-house development.

The firm may also allocate some funds for gaining knowledge from other compet-
ing firms and try to imitate some routines employed by competitors (recombination).
It is assumed that recombination may occur only between segments, not between
individual routines, that is, a firm may gain knowledge about the whole domain of
activity of another firm. for example. by licensing. A single routine may be transmit-
ted (transition, see Fig. 2) with some probability from firm to firm. It is assumed

"In the model, the space of routines and the space of characteristics play a role analogous to the space
of genotypes and the space of phenotypes in biology. The existence of these two types of spaces is a
general property of evolutionary processes. Probably the search spaces (that is, spaces of routines and
spaces of genotypes) are discrete spaces in contrast to the evaluation spaces (that is, the space of character-
istics and the space of phenotypes) which are continuous spaces. The dimension of the space of routines
(space of genotypes) is much larger than the dimension of the space of characteristics (space of
phenotypes).
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Fig. 2. Routines transition.

that after transition a routine belongs to the subset of latent routines. At any time
a random transposition of a latent routine to the subset of active routines may occur
(Fig. 3). It is assumed that the probabilities of transition of a routine from one firm
to another and the probabilities of transposition of a routine (from a latent to an
active routine) are independent of R&D funds and have the same constant value
for all routines.

In general, the probability of transposition of a routine for any firm is rather
small. However, randomly, from time to time, the value of this probability may
abruptly increase and very active processes of search for a new combination of
routines are observed. This phenomenon is called recrudescence. Recrudescence is
viewed as an intrinsic ability of a firm’s research staff to search for original, radical
innovations by employing daring, sometimes apparently insane, ideas. This ability
is connected mainly with the personalities of the researchers and random factors
play an essential role in the search for innovations by recrudescence, so the prob-
ability of recrudescence is not related to R&D funds allocated by a firm to ‘normal’
research. It is assumed that recrudescence is more probable in small firms than in
large ones which spend huge quantities on R&D, although it is possible to assume
that the probability of recrudescence does not depend on firm size.

As a rule, mutation, recombination and transposition on a normal level (that is,
with low probabilities in long periods) are responsible for small improvements and,
during the short periods of recrudescence, for the emergence of radical innovations.

Active Latent
1 9% i R I 1Y P P S i e Ly
1\\ /A

—~—a—
_—_—— e — — —

Fig. 3. Routines transposition.
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2.2. Firm’s decisions

It seems that one of the crucial problems of contemporary economics is to
understand the process of decision-making. Herbert Simon states that “the dynamics
of the economic system depends critically on just how economic agents go about
making their decisions and no way has been found for discovering how they do this
that avoids direct inquiry and observations of the process.” (Simon, 1986).

The background of the decision making procedure adopted in the model is
presented in detail in Kwasnicki (1996). It is assumed that each firm predicts future
development of the market (in terms of future average price and future average
product competitiveness) and on the basis of its expectations on future market
development and expected decisions of its competitors, each firm decides on price
of its products, investment and quantity of production which it expects to sell on
the market. Current investment capability and the possibility of borrowing are also
considered by each firm.

The decision making procedure allows to model diversified situations faced by
different firms; for example, the power of a small firm to influence the average price
is much smaller than that of a large firm. So, small firms are, in general, ‘price
takers’ in the sense that they assume that the future average price will be very close
to the trend value, while large firms generally play the role of ‘price leaders’ or ‘price
makers’.

Price, production and investment are set by a firm in such a way that some
objective function is maximized. Contrary to the neoclassical assumption it is not a
maximization in the strict sense. The estimation of values of the objective function
is not perfect and is made for the next year only. In other words, it is not a global,
once and for all, optimization, but rather an iterative process with different adjust-
ments taking place from year to year.

Different price-setting procedures (based on different objective functions and the
markup rules) have been scrutinized, the results of which are presented in Kwasnicki
and Kwasnicka (1992) and Kwasnicki (1996). In many simulation experiments,
firms were allowed to select different price-setting procedures. The results of these
experiments suggest that firms applying the objective O, function (presented below)
dominate on the market and in the long run supersede all others. This objective
function has the following form:

O,t+1)=(1-F) [ﬁj—ﬂ (1) +F; Qi(H_ll
I QS(1)

[ Q?(t+l)}
Fi=o, exp| —a5 ——— 4
QS(1)

(5)

where F; is the magnitude coeflicient (with values between 0 and 1), Q5 is the supply
of firm i, I'; is the expected income of firm i at 7+ | [defused by Eq. (6) below], 0S
is the global production of the industry in year ¢, and I” is the global net income of
all firms in year ¢. I'(¢) and QS(¢) play the role of constants in Eq. (5) and ensure
that the values of both terms in this equation are of the same order.

The expected income of firm / (I';) and the expected profit of this firm (/7,) are
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defined as:
Fi= Q) (pi(1)— VWO () — ). (6)
M, =T, —K;(t)(p+9), (7)

where V is unit production costs, »(Q5) is the factor of unit production cost as a
function of the scale of production (economies of scale), 5 is the constant production
cost, K{(r) is the capital needed to obtain the output Qi(¢), p is the normal rate of
return and & the physical capital depreciation rate (amortization).

The function O, expresses short- and long-term thinking of firms during the
decision-making process [the first and second terms in Eq.(5), respectively].
Plausible values for the parameters are o,=1 and os =35, implying that the long run
is much more important for survival and that firms apply a flexible strategy. i.e. the
relative importance of short- and long-term components changes in the course of
firm’s development (the long-term one is much more important for small firms than
for the big ones).

The decision-making procedure presented above, with the search for the ‘optimal’
price-setting procedure based on the objective function concept constructs a formal
scheme for finding the proper value of the price and expected production to be sold
on the market. Naturally this scheme is only an approximation of what 1s performed
by real decision-makers. They, of course. do not make such calculations and formal
optimization from year to year, they rather think in the routine mode: ‘my decisions
should provide for the future prospects of the firm and also should allow income
(or profit) to be maintained at some relatively high level’. Decisions on the future
level of production and the future product price depend on the actual investment
capabilities of the firm.

2.3. Entry

In each period (7, 1+ 1) a number of firms try to enter the market. Each entrant
enters the market with assumed capital equal to InitCapital and with the initial price
of its products equal to the predicted average price. The larger the concentration of
the industry, the greater the number of potential entrants (that is, firms trying to
enter the market). The value of InitCapital is selected in such a way that the initial
share of an entrant is not larger than 0.5%.

In general, any firm may enter the market and if a firm’s characteristics are
unsatisfactory, then it is quickly eliminated (superseded) from the market. However,
because of the limited capacity of computer memory for simulations, a threshold
for potential entrants is assumed. It is assumed that a firm enters the market only
if the estimated value of objective O, of that firm is greater than an estimated
average value of the objective O, in the industry. It may be expected that a similar
(rational ) threshold exists in real industrial processes.
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2.4. Products competitiveness on the market

The productivity of capital, variable costs of production and product characteris-
tics are the functions of routines employed by a firm (see Fig. 4). Each routine has
multiple, pleiotropic effects. that is, may affect many characteristics of products, as
wen as productivity and the variable costs of production. Similarly, the productivity
of capital, unit costs of production and each characteristic of the product can be
function of a number of routines ( polygeneity). We assume that the transformation
of the set of routines into the set of product characteristics is described by m
functions F

za=Fyr), d=1,2,3.....m, (8)
where =, is the value of characteristic ¢, m is the number of product characteristics

unit cost
of production

productivity
of capital

{pleiotropy and polygene}

r1 r2.. rk . r| . rn L1L2.-. LI.-.... Lk..........-.Lu rou“nes
(genotype)
{pleiotropy and polygene}
Zi|Zo | vl Zi|aue]---]Z,| technical characteristics
(phenotype)
price
p q(Z) technical competitiveness

competitiveness
(fitness)

Fig. 4. From routines to competitiveness. productivity of capital and unit cost of production.
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and r is the set of routines. It is assumed also that the productivity of capital A(r)
and the unit cost of production V(r) are also functions of firm’s routines. where
these functions are not firm specific and have the same — form for all firms.

Attractiveness of the product on the market depends on the values of the product
characteristics and its price. The competitiveness of products with characteristics z
and price p is equal to:

4(2)
cpz)=—.2=(21. 22. 33+ Tm)> (9)

»
where ¢(z) is the technical competitiveness, = is a vector of product characteristics
and o is price elasticity.

In the presence of innovation, technical competitiveness varies according to the
modification of routines made by each firm, or because of introducing essentially
new routines. Technical competitiveness is an explicit function of product characteris-
tics. As explained above, each routine does not influence the product’s performance
directly, but only indirectly through the influence on its characteristics. We assume
the existence of a function ¢ enabling calculation of technical competitiveness of
products manufactured by different firms. We say that ¢ describes the adaptive
landscape in the space of product characteristics. In general, this function depends
also on some external factors, varies in time and is the result of co-evolution of
many related industries. The shape of the adaptive landscape is dynamic, with many
adaptive peaks of varying altitudes. In the course of time some adaptive peaks lose
their relative importance, others become higher.

Due to the ongoing search process, at any moment each firm may find a number
of alternative sets of routines. Let us denote by r the set of routines actually applied
by a firm. and by r*, an alternative set of routines. Each firm evaluates all potential
sets of routines r* as well as the old routines r by applying the decision-making
procedure outlined in the former section. For each alternative set of routines the
price, production, investment (including the modernization investment) and value
of objective function are calculated. The decision of firm / on modernization (i.c.
replacing the r routines by r* routines) depends on the expected value of the firm’s
objective function and its investment capability. Modernization is undertaken if the
maximum value of the objective function from all considered alternative sets of
routines r* is greater than the value of the objective function possible by continuing
the actually applied routines r and if the investment capability of the firm permits
such modernization. If the investment capability does not allow modernization, then
the firm:

(1) continues production employing the ‘old” routines;
(2) tries to open a new small unit where routines * are employed: production is
started with an assumed value of capital equal to InitCapital.

To modernize production, extra investment is necessary. This ‘modernization
investment” depends on the discrepancy between the ‘old’ routines r and the ‘new’
routines r*. For simplicity, it is assumed that modernization investment /M is a
non-decreasing function of distance between the old routines r actually applied by
a firm and the new set of routines r*.
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All products manufactured by the entrants and the firms existing in the previous
period are put on the market and all other decisions are left to buyers; these decisions
primarily depend on the relative values of competitiveness of all products offered,
but quantities of products of each firm offered for sale are also taken into account.
It is assumed that global demand Q%) for products potentially sold on a market is
equal to an amount of money — M(t) — which the market is inclined to spend on
buying products offered for sale by the firms divided by the average price, p(¢), of
the products offered by these firms:

M(t
QY (n)= —(—). (10)
p?)

M(t) is assumed to be equal to:
M(t)=Nexp(yt)[ p(). (11)

where N is a parameter characterizing the initial market size, y is the growth rate
of the market and f is the (average) price elasticity. The average price of all products
offered for sale on the market is equal to:

Qi(1)
()=, pi(t) —. (12)
=200 oy
where Q(t) is global supply and is equal to
(1))=Y, 0i(1). (13)

Global production sold on the market is equal to the smaller value of demand
Q%) and supply Q°(1):
OS(r)=min {Q°(1),0°(1)}. (14)

The selection equation describing competition among firms (products) in the market
has the following form ( f; is the market share of products manufactured by firm i):

)

C

. . (1
fily=fi(t—1) (15)
c(t)
where c(r) is the average competitiveness of products offered for sale
o)=Y} filt—)ei(1). (16)

This means that the share ( f;) of firm i in global output increases if the competitive-
ness of its products is higher than the average of all products present on the market
and decreases if the competitiveness is lower than the average. The rate of change
is proportional to the difference between the competitiveness of products of firm 7
and average competitiveness.

Finally, the quantity of products potentially sold by firm i (i.e. the demand for
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products of firm i) is equal to:

01 (1)=0S()fi(1). (17)

The above equations are valid if the production offered by the firms exactly fits
the demand of the market. This is a very rare situation and therefore these equations
have to be adjusted to states of discrepancy between global demand and global
production and discrepancy between the demand for products of a specific firm and
the production offered by this firm. The details of this adjustment process is presented
in Kwasnicki (1996). Eq. (17) describes the market demand for products of firm i
offered at a price pi(¢+) and with competitiveness ¢i(z). In general, however, the
supply of firm 7 is different from the specific demand for its products. The realization
of the demand for products of firm / does not depend only on these two values of
demand and supply. but on the whole pool of products offered for sale on the
market. The alignment of supply and demand of all firms present on the market is
an adaptive process performed in a highly iterative and interactive mode between
sellers and buyers. In our model, we simulate the iterative alignment of supply and
demand in a two-stage process in which a part of the demand is fulfilled in the first
stage and the rest of the demand is, if possible, fulfilled in the second stage. If there
is no global oversupply of production, then in the first stage of the supply-demand
alignment process, all demand for production of specific firms, wherever possible, is
fulfilled, but there 1s still the shortfall in production of firms which underestimated
demand for their products. This part of demand is fulfilled in the second stage of
the supply-demand alignment process. At this stage, the products of the firms which
produce more than the specific demand are sold to replace the shortfall in production
by the firms which underestimated the demand for their products.

The supply—demand alignment process is slightly different if a global oversupply
of production occurs. It seems reasonable to assume that in such a case the pro-
duction of each firm sold on the market is divided into: (1) the production bought
as the outcome of the competitive process [as described by Egs. (15) and (17)]; and
(2) the production bought as the outcome of a non-competitive process. The latter
part of production does not depend directly on product competitiveness. but primar-
ily depends on the volume of production offered for sale, i.e. random factors play
a much more important role in the choice of relevant products to be bought within
this part of the production. In general, the division of production of each firm into
these two parts depends on the value of global oversupply. The higher oversupply,
the larger is the part of production of each firm which is sold on the basis of non-
competitive preferences.

Usually global oversupply. if 1t occurs, is small, so the major part of production
is distributed under the influence of competitive mechanisms and only a small part
1s distributed as a result of non-competitive distribution. However, to clarify the
necessity of distinguishing the two proposed stages of the selling-buying process let
us consider the following, albeit artificial, situation. Except for one firm. the pro-
duction of all other firms exactly meets the demand for their products. The atypical
firm produces much more than the demand for its products. It could be assumed
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that the production sold by all {irms is exactly equal to the specific demands for
their products, which is equivalent to the assumption that the volume of overproduc-
tion of the atypical firm does not influence the behaviour of the market. In an
extreme case, we may imagine that the volume of production of the atypical firm is
infinite and the rest of the firms continue to produce exactly what is demanded.
Does this mean that the excessive production would go unnoticed by the buyers and
that they would remain loyal to firms producing exactly what is demanded? It seems
a more adequate description requires the incorporation of the assumption that the
future distribution of products sold on the market depends on the level of overpro-
duction of all firms and particularly the level of overproduction of the atypical firm.
It seems that in the case of the overproduction of one firm its share in the global
production sold will increase at the expense of all firms producing exactly what is
demanded. In the extreme case, when overproduction of the atypical firm tends to
infinity, the only products sold on the market belong to that firm and the shares of
all other firms will be zero. However, it does not mean that producing more than is
demanded is an advantageous strategy for the firm and that it is an effective weapon
to eliminate the competitors. In fact, the bulk of overproduction is not sold on the
market and is lost by the firm. In effect the atypical firm’s profit is much smaller
than expected, or even may be negative. After some time, the firm’s development
stops and in the end it will be eliminated from the market.

3. Industry concentration, equilibrium prices and firms’ entry

In Section 4, the analysis of the model’s results on the evolution of firm size
distribution will be presented. It seems that for a proper interpretation of the
simulation results presented there, it would be good to look shortly at the phenomena
of price formation in industries of different concentration.

Textbook economics distinguishes four typical industry structures: pure competi-
tion, pure monopoly, oligopoly and monopolistic competition. To explain how prices
and profits are formed in these typical market structures, traditional economics uses
such notions as demand and supply functions, marginal costs, average total costs,
average vanable costs, average fixed costs, marginal revenue, total revenue, etc.
Usually, each typical situation is considered separately in different chapters. Reading
these chapters and looking at diagrams supporting the reasoning, one may get the
impression that different mechanisms are responsible for development of industries
with different concentrations. In the current model, however. the study of industry
behaviour at different concentration rates is based on the understanding of mecha-
nisms which are essentially invariable and do not depend on the current industry
conditions, particularly not on the actual number of competitors. Variations of
behavioural modes of differently concentrated industries is thus the outcome of
cooperation of some well understood mechanisms of development and not the result
of jugglery of differently placed curves representing supply, demand. marginal
revenue, ete.

In order to prove that the long-run profit rate is equal to zero, traditional
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economics assumes an infinite number of competitors on the market. In reality, as
in our simulation, the number of competitors may be only finite, but we may expect
that for a reasonably large number of competitors, the results will be very close to
the theoretical predictions. Let us assume that there is no innovation and that
economies of scale are absent. Which number of firms may be seen, from a practical
point of view, as ‘the infinite number of competitors’? Some characteristics of the
industry at the equilibrium state obtained in a series of experiments with different
numbers of competitors, under additional assumptions that the initial size of all
firms is the same (i.e. we assume an equi-partition of the market) and that the size
of the market is constant (i.e. y=0), are presented in Table 1.

The controlling variable in the series of experiments is the number of competitors.
As in reality, the larger concentration of the industry, the larger the profits of the
existing firms are, but let us note that contrary to the assumption of profit maximiza-
tion in traditional economics, the objective function of the firms in our model (the
O, rule) is a combination of short-run objectives (firm’s income) and long-run
objectives (firm’s production, or expected firm’s share). The one extreme is pure
monopoly (with profits to capital, /7/K, almost 150% and profits to sales, I1/S, over
70% in our simulations), the other is pure competition between a large number of
firms with profits equal to zero. Changes of profits at equilibrium parallel changes
of equilibrium price. A monopolist imposes a price more than four times larger than
the unit cost of production (p/V'=4.24), but this is reduced almost twice for two
competitors (p/V'=2.25) and it is still further reduced (although at a slower rate)
with an increased number of competitors. For pure competition, the price margin is
only 30%. In our simulations, an industry with a Herfindahl firms’ number equivalent
to over 10 competitors may be considered as very close to the ideal situation of pure
competition (profits to capital ratio for these industries is smaller than 10~ 7, and
the price margin is 30%).

The dynamics of change strongly depend on the industry concentration. Starting
from the same initial conditions, the more concentrated industries reach equilibrium
much more rapid. For less than eight competitors, the equilibrium state is reached
within 20-40 years, but for more competitors, the dynamics is much smaller, while

Table 1

Industry concentration. Global characteristic at the equilibrium state

No. of firms ny(0) 'K (%) /8 (%) plV

1 146.908 69.326 4.2382
2 47.692 42.321 2.2539
4 17.096 20.824 1.6419
6 6.450 9.028 1.4290
8 1.050 1.590 1.3210
10 (.000 0.000 1.3000
12 0.000 0.000 1.3000
16 0.000 0.000 1.3000
32 0.000 0.000 1.3000
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for an industry very close Lo pure competition (over 15 competitors) the equilibrium
is reached in 80-120 years. Many other simulation experiments suggest that for
plausible values of the parameters. the competition process may be considered as
‘perfect’ for industries with the Herfindahl firms’ number equivalent to greater
than 12.

The dynamics of change also depend on the initial structure of an industry. In
one of a series of experiments ( Kwasnicki, 1996) we start from highly diversified
firm size and we measure the values of the basic characteristics of the industry over
time and observe the tendency towards a uniform distribution for different concen-
trations of the industry. For relatively high concentration of the market (i.e. for the
number of firms smaller than eight), there are no significant differences in dynamics
of change between industries with uniform and non-uniform firm size distribution.
This is due to a very strong tendency towards uniform distributions for the highly
concentrated industries. The more concentrated the industry is, the more rapid the
uniform firm size distribution is reached. For low concentrations, the dynamics of
reaching the equilibrium state are significantly slower and also there is not such a
strong tendency towards a uniform size distribution (in fact, a tendency for stabiliza-
tion of the size distribution is observed ). For industries very near to pure competition,
the size distribution is almost the same as at the beginning of the simulation.

As we will see in Section 4, the possibility of entrance is crucial for the emergence
of a skewed distribution of firm sizes. Therefore, it would be useful to observe how
entrance depends on industry concentration. In the following series of experiments
we have investigated the ability of free entrants to penetrate industries of different
concentrations levels, with no economics of scale present and no innovation. It was
assumed that for a given number of equally sized firms, at some moment, a firm
with relatively little capital enters the market. From the moment of entrance we
observe the evolution of the structure of industry. What interests us particularly is
the market share of the entrant, namely whether its market share grows to reach
the same size as that of the initial firms (1.e. if the firm size distribution becomes
uniform). As a measure of convergence we use time 7, from the moment of entrance
until the moment of a uniform size distribution is achieved (let us call this time the
penetration time). The results are summarized in Fig. 5.

As it turns out, the invasion is quite rapid for a highly concentrated industry, e.g.
for the monopoly industry the newcomer is able to increase its initial market share
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Fig. 5. Free entry and the penetration time.
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of 0.5% to the equilibrium 50% market fraction in 9 years, for 2, 3 and 4 firms the
relevant values of T, are 16. 22 and 35 years, respectively. However, as we see in
Fig. 5, the penetration time grows exponentially (or even hyperbolically) with dimin-
ishing concentration of industry, e.g. if the industry is dominated by six competitors,
the newcomer needs 98 vears to get the same fraction of the market as the initial
firms, for seven firms. the relevant time becomes 195 years. There is no possibility
to penetrate the market if the number of firms is greater than seven. The reason for
this difficulty of entry is that because of much stronger competitive conditions, the
average profit rate and the price margin within the industry are very small and thus
the newcomer is not able to collect enough capital to invest and to raise its market
share.” The penetration time is infinite for the Herfindahl firms’ number equivalent
ny greater than 7: at the equilibrium state the newcomer’s market share stabilizes at
a very low level, which is the lower, the smaller the industry concentration is, e.g.
for 8, 9, 10 and 15 competitors. the newcomer’s share at equilibrium is equal to
0.35%, 0.11%, 0.1% and 0.09%, respectively. However, in all these cases, we consider
only price competition as the selective force and as we see it is very difficult to enter
the market under pure competition. The prerequisite for successful invasion of a
highly competitive market is concurrent introduction of product innovation, but
this will be discussed in the next Section, where experiments with innovation will be
presented.

4. Firm size distribution, entrance and technological change

It seems that two main factors play an essential role in the emergence of skewed
distributions of firm sizes, namely entry of new firms and innovation. As will be
shown, both factors are necessary to observe the well-known Pareto-like skewed
distributions. We start our simulations in this section from a simple condition: an
industry is initiated by a single firm and the market is expanding with a constant
rate (initial market size M =300 units and the market growth rate ;' =3%). Firms
do not search for innovation so only price competition is present. Entrance is a
random process, on average four firms try to enter the industry each year, but not
all of them enter the market successfully. Successful entry results at an average rate
of only one firm every 3 years. The growth of the number of firms in the course of
time is shown in Fig. 6(b).

It i1s seen that the number of firms increases from an initial single firm up to 16
firms in the end of the simulation. The size distribution is far from uniform and the
Herfindahl firms’ number equivalent grows from one at the beginning of the simula-
tion up to eight firms at the end of the simulation. Market shares of the nine largest
firms are shown in Fig. 6(a). As we see, only the first five entrants are able to
compete with the initial firm and are able to reach the same market share in the
end of simulation (two firms. marked 3 and 4, entered the industry at the same

2 Raising price above that imposed by the “old” firms, to get higher profits. is not possible duc to diminish-
ing competitiveness of the newcomer’s products.
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Fig. 6. Industry structure evolution --- firms’ entry and no innovation: (a) market shares: (b) number of
firms: and (c) firm size distribution in the last year of simulation (1=100).

moment so their market shares are exactly the same). The industry is approaching
an equilibrium state very close to pure competition conditions and later entrants
are not able to apply proper price policy and fully compete with the large firms. At
best, some of the firms are able to gain a small portion of the market and that
portion is the smaller the later firm entered, e.g. at the end of the simulation, the
share of the seventh largest firm is equal to 7%, the eighth firm i1s 5% and the ninth
1s 2% [see Fig. 6(a)]. The size distribution in the last year of the simulation is shown
in Fig. 6(c), where the horizontal axis shows the rank of the firm (from the largest
to the smallest) and the vertical axis shows the market share of the firm - log scales
are used on both axis. The first six points in the figure represent the largest firms
and they form a horizontal line, the upper tail of the distribution represent the later
10 entrants and it forms a straight line similar to a Pareto distribution (naturally,
the size distribution corresponds to the chart in Fig. 6(a), where the changes of
market shares over time are displayed).The complete distribution is far from a
Pareto type. It can be said that the typical size distribution under free entrance and
without innovation consists of two segments -— a horizontal line for the first entrants
(1.e. firms which enter the industry just at the first years of the industry’s growth)
and a skewed straight line for the later entrants. We can say that the well-know
phenomenon of the ‘first-mover advantage’ is unintentionally represented in our
model of industrial dynamics.

The presence of innovation significantly changes industry development. Emergence
of innovation is a random process from its nature, which makes each simulation
run unique. In principle, it would be possible to present the average industry
development calculated on the basis of a large number of simulation runs. However,
the essence of industry development lays in the uniqueness of development under
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presence of innovation and any average characteristic would hide the “flavour’ of
that unique process. Therefore, we choose to present a typical simulation result as
to illustrate industry development with innovation. Although different runs yield
different results, the conclusions are representative for the large number of simulation
runs that were actually carried out, of which the results cannot be presented in
details here. The typical simulation run with the presence of innovation leading to
unit cost reduction, increases of technical performance and increases of capital
productivity is presented in Fig. 7.

Values of all other parameters in this experiments are the same as in Section 3,
the only difference i1s the innovation process. Due to the innovation process more
firm successfully enter the market, so the number of firms increases from one at the
initial moment to 29 firms at the end of simulation [Fig. 7(b)]. Due to the innovation
process, some of the firms are multi-unit operations, so the number of units is larger
than the number of firms after year 22. Initially, industry concentration decreases
(the Herfindahl firms’ number equivalent increases to five firms around the year 20
and stabilizes at the level of three firms at the end of simulation). Market shares
show far from smooth curves, fluctuating accordingly to the random innovations
[see Fig. 7(a)]. The typical long-run industry development is as follows: at the first
stage, a relatively large number of firms enters the market, competing with the initial
monopolist. In the course of time, a relatively small number of industry leaders is
selected — naturally, the initial monopolist has an advantage and in most cases
belongs to the set of industry leaders (although frequently it is not the largest firm).
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Typically, the largest firm in the mature stage of industry development is one of the
initial entrants (e.g. in the presented run this is firm no. 3, which entered the industry
in the fourth year). At the end, the largest firm has a market share around 58%,
two other firms have shares around 15%, the fourth largest firm (no. 2) has a share
around 4% and the shares of all other 25 firms are smaller then 1%. The firm size
distribution for two stages of industry development, namely for the growth phase
(t=30) and the mature stage (¢==100), are shown in Fig. 7(c and d). These are
typical distributions for the case with free entrance and innovation. As we see, the
distribution shows a more or less straight skewed line, similar to a Pareto distribution.
Contrary to the former experiments with no innovation, the initial horizontal part

of the line is not present.

The following experiments were prepared to show to what extent the presence of
both factors — free entry and innovation — is necessary for emergence of the Pareto
type distribution. In the former two experiments, a single firm was present at the
start of the simulation, now 12 firms of the same size exist from the outset (values
of all other model’s parameters are the same as in the two former experiments). Let
us assume first that there is no entrance, but all 12 firms are able to search for
innovation. The typical changes of market shares in this kind of simulation runs are

presented in Fig. 8(a).

We see that at the beginning, all 12 firms have almost the same market share
(around 8%), but due to innovation. some firms are more successful than others.
Over time, more and more firms are superseded from the market and the industry
becomes more and more concentrated. In our example, at the end of the simulation
there are four large firms (firm 11 with a share around 40% and three other firms
with shares around 20%) and only one small firm with a share of 0.01%, which is
very close to being withdrawn from the market. The size distributions for different
moments of time are presented in Fig. 8(b). The uniform initial distribution of 12
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firms forms a straight horizontal line, this distribution become slightly skewed in
the first years of industry development due to the innovation process. The rectangles
[Fig. 8(b)] mark the distribution in year 20. The subsequent nine distributions
presented in that chart are for years 30, 40 and so on up to 100. Because of selection
and technological change, more and more firms are eliminated from the market and
the distribution transforms into the one seen in the previous section, formed by two
lines — a first, almost horizontal one, which represents the largest firms and a
subsequent skewed one, which represents all small firms. It is seen that with the
presence of innovation, but without the possibility of entry, the distribution becomes
similar to the one.observed in the experiment with free entry, but without innovation
process [cf. Fig. 6(c)].

To what extent does this situation change if we add the possibility of free entrance?
The results presented in Fig. 9 are for the same simulation conditions as in the
former experiment, but with the possibility of the entry. As before, 12 equally sized
firms exist in the start and on average four firms every year try to enter the market.
Industry development is now significantly different. Concentration of the industry
is much smaller and competition much severe. The market shares of the largest firms
are shown in Fig. 9(a).

At the end, two of the six largest firms (with shares between 3% and 22%) are
firms initially present and four are entrants. In Fig. 9(b), the size distributions for
every 10th year since year 20 are shown. As before. the rectangles mark the distribu-
tion in year 20. The first 12 rectangles represent the initial firms (which still existed
in year 20) and the next two rectangles represents two successful entrants. The first
12 rectangles are placed almost on a skewed straight line, the two other rectangles
deviate significantly from that line. At later moments, however, the distributions are
much more stable and form a skewed, slightly concave line which may be considered
as very close to the Pareto type distribution. Let us also note the relatively high
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stability of the size distributions in the subsequent 80 years after year 20. That
stability occurs in spite of significant share changes of each single firm [as presented
in Fig. 9(a)]. At the end of the simulation, almost 40 firms operate in the market.
The market share of the largest one is equal to 22% and the smallest one is 0.002%.

5. Conclusions

Searching for explanations of the well-known empirical phenomenon of skewed
distributions of business firm sizes has its own, long history. Increasing returns plays
an important role in emergence of this ‘uniformity in pattern’, but “that cannot be
the whole explanation” (Kaldor, 1985). Our simulation results suggest that even
without economics of scale skewed size distributions may emerge as the result of
cooperation of the general evolutionary mechanisms of innovation and selection. In
our model, cooperation of two processes, namely entrance and innovation, is crucial
for the generation of the skewed size distributions of the Pareto type. Operation of
any single one of these two processes with the absence of the other generates
distributions that consist of two segments: the first segment relates to the set of the
largest firms and forms an almost horizontal line, the second segment relates to the
small firms and forms a skewed straight line.

In most models searching for skewed size distributions, it is assumed that rates
of firm growth are govemed by random factors of identical independent probability
distributions (i.i.d.). Nothing more is said about the nature of these growth rates.
It is shown in this paper that innovations may be the main factor responsible for
diversification of growth rates of industrial firms. Naturally, innovation is a random
process, but this does not mean that the introduction of innovations by different
firms are independent processes. In fact, because of the interchange of knowledge
(recombination), the emergence of innovation within an industry is a highly corre-
lated and dependent process. Our simulation results shown that in spite of this
interrelationship and correlation, we still observe skewed distribution of firm sizes.

There are different kinds of innovations present in our model (‘innovation regimes’,
see Kwasnicki, 1996a), namely mnovations leading to unit costs reduction, growth
of productivity of capital and improvement of the product’s technical performance.
Cost reduction and improvement of technical performance leads to relatively high
diversity of firms growth. Contrary to these two kinds of innovations. growth of
the productivity of capital is rather neutral and does not significantly influence the
rate of growth of the firm. Closer investigation of size distributions for these three
innovation regimes allows us to conclude that only innovations jeading to cost
reduction and/or improvement of product technical performance generate skewed
distributions of the Pareto type.

Theoretical investigations (e.g. Ijirt and Simon, 1977) indicate that simple stochas-
tic models of firm size distribution generate distributions of straight skewed lines on
a log—log scale. Ijiri and Simon (1977) argue that “[w]hen the fit between theory
and data is examined, systematic differences can he seen between theoretical and
empirical curves. The most important of these is that the empirical data. when
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plotted on log-log paper, almost always exhibit a noticeable concavity toward the
origin. The Pareto distribution is linear on a log-log scale.” In order to make their
model generate such concavity, Ijiri and Simon make two additional assumptions:
(1) a variable rate of entry (namely that this decreases gradually over time); and
(2) on the growth rate of the whole economy (“concavity towards the origin could
also arise if the economy were not growing, but increases in the sizes of some firms
were compensated by decreases in the sizes of others.”) Our simulation results reveal
that evolutionary forces and innovations may cause the concavity of the distribution
in a stable and growing economy and also if the number of firms entering the market
is increasing.

One of the advantages of the simulation approach adopted here, is the possibility
to observe the dynamics of industry development over time —- in particular, the
dynamics of changes in the skewed size distribution over time. It is seen that in spite
of vigorous changes of the industry structure and frequent changes on the positions
of winners and losers in the ‘industrial, competitive game’, a rather high stability of
the size distribution is observed.
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