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1. Introduction

Business firms strive for survival and growth. They innovate in
order to grow; they imitate in order to survive. Firms which fail to
innovate or imitate must go out of business or at least forego the oppor-
tunity to grow.

In the preceding paper (Part I: Evolutionary Model of Technological
Innovation and Imitation), we studied how the dynamic processes of
firms' innovation and imitation activities interact with each other and
shape up the evolutionary pattern of the state of technology of an industry
as a whole. We, however, did not take account of the differential impacts
of such diversé technological developments among firms on their growth

the consequent repurcussions on the evolutionary pattern
of the state of technology itself. The first purpose of this paper, the
second in the series on Schumpeterian dynamics, is to explore the evolu-
tion of the industry's state of technology as a dynamic outcome of the

interactions between technological developments and growth processes at

the micro level of firms}

In his (too) well-known article on the methodology of positive
economics, Miiton Friedman wrote:

...unless the behavior of businessmen in some way or
other approximated behavior consistent with the maxi-
mization of returns, it seems unlikely that they would
remain in business for long. lLet the apparent immed-
iate determinant of business behavior be anything at
all--habitual reaction, random chance, or whatnot.
Whenever this determinant happens to lead to behavior
consistent with rational and informed maximization

of returns, the business will prosper and acquire
resources with which to expand; whenever it does not,
the business will tend to lose resources and can be
kept in existence only by the addition of resources
from outside. The process of "natural selection”
thus helps to validate the hypothesis—or, rather,
given natural selection, acceptance of the hypothesis
can be based largely on the judgment that it sum-
marizes appropriately the conditions for survival.
(Friedman [1953], p. 22)



It is thus argued here that the force of competition, in particular,
the force of dynamic competition for the acquisition of resources for
growth is strong enough to ensure the survival and eventual dominance
of the most efficlent firms, whether their actions are guided by con-
scious maximization of returns or resulted from pure chance mechamism.
It is the analogy between biological competitive process in natural
environment and inter-firm competitive process in economic environment
which has always been invoked in this kind of argument? It is easy to
claim metaphysically that only the fittest survives in the long-rum.

It is, however, another matter to examine whether the logic of natural
selection in biological evolutionary theory is indeed applicable to the
description of the process of inter—-firm competition for survival and
growth in a genuinely economic environment. The second purpose of the
present paper is to put the above "economic seiection" argument to
sclentific scrutiny, on the basis of our explicitly "economic" model of

evolutionary processes of firm growth and technological development.

2. State of Technology

Let us begin by representing the "state of technology" of an industry
at a given point in time,

Suppose, as 1n the preceding paper, that there exist n dis-
tinct production methods coexisting in the industry at a given point in
time. (The number of production methods, =n , will of course change,
i.é.. increase, over time as firms succeed in bringing new production
methods into the industry.) Each production method is assumed to be

of fixed proportion type, so that the unit cost is constant up to its



productive capacity. If we denote by c¢ the unit cost in terms of
numeraire, all the existing production methods can be arrayed in accor-

dance with their unit costs as follows:

cee S0y <l <Ey

where <, is the unit cost of the best practice method and ¢

of the worst production method-3

1 that
Suppose, further, that the industry consists of M firms, including

both active and potential producers. The cost conditions of course vary

from firm to firm. Then, let ft(ci) represent the relative frequency

of firms with unit cost equal to ¢, at time t , and let

i

n
) ft(cj) represent the relative frequency of firms with unit
i=i

Ft(ci)
costs ey or less at time t . We call f;(c) the (discrete) frequency
function and Ft(c) the cumulative frequency function of unit costs.

In the preceding paper we could represent the state of technology
of an industry by ft(c) or, equivalently, by Ft(c) alone. As soon
as, however, we take into consideration the dynamic interplays between
firms' technological innovation and imitation activities and their growth
strategies, it is no longer sufficient to look at £.(c) or F.(c) alone
in evaluating the industry's state of techmology. It becomes necessary
to study how the industry's total productive capacity is distributed

over different production methods with different unit costs. Accordingly,

iet kt(ci) represent the total volume of productive capacities with

n
unit cost equal to c, at time t , and let K_= Yk _(c
i £ L e

total productive capacity of the industry as a whole at time t . (There

) be the

is no logical difficulty in this calculation of total productive capacity.



See Sato [1975] for a useful discussion on the problem of capital aggre-
gation.) We can then define by kt(ci)/Kt the capacity share of unit

cost ¢, at time t . We denote this by st(ci) and call it the capacity

n

jZist(cj

of unit costs from c, to c;, at time t , and call it the cumulative

share function. We then denote by St(ci) } the capacity share

capacity share function of unit costs.

Note in passing that the ratic between the capacity share function
and the frequency function, i.e., st(ci)/ft(ci) , represents the average
capacity size of khe firms with unit cost ¢ at time t (in terms of the
average capacity size of all the firms in the industry)?

The state of technology of an industry as a whole at a given point
in time is now represented by a pailr of frequency function ft(c) and
capacity share function st(c) or, equivalently, by a pair of their cumu-
lative counterparts, Ft(c) and St(c) . The task of this paper then
is to study how the state of technmology, thus represented, evolves over
time as a dynamic consequence of the complex interplay among innovation,

imitation and growth processes of firms in an industry.

3. Models of Firm Growth

There are basically two causal mechanisms through which successful
innovation or imitation leads to the growth of the firm. In the first
place, a successful innovation or imitation and the consequent cost re-
duction allow the firm to lower the price of its product. In fact, the
firm may choose to keep the profit margin constant and reduce the price
proportionally to the cost reduction. This has the effect of lowering

the price of its product relative to the less fortunate ones and directly



promote the growth of its sales volume. Then, the growth of productive
capacity follows suit. Alternatively, a successful innovation or imita-
tion may allow the firm to increase its profit margin earned on each sales
dollar and raise the rate of profit on the existing productive capacity.
Such an increase in profit rate stimulates the firm's investment in pro-
ductive capacity, either by influencing the expected profitability of
investment or, to the extent that capital markets are imperfect, by
directly providing internal fund for investment project?

Let us formalize these two causal mechanisms. In fact, we now pro-
pose three alternative models of firm growth, which will be later integrated
with the evolutionary model of technological innovation and inmnovation,
developed in the preceding paper. The first of these three models for-
malizes the firm growth process in an industry dealing with a single
homogeneous product. Since the firm in such.industry is incapable of
controlling the price of its own product, and hence the first causal
mechanism from successful innovation and imitation to firm growth, explained
above, does not work, we only have to consider the second causal mechanism
in this case. The remaining two models are concerned with the firm growth
process in a monopolistically competitive industry with differentiated
products. Since the two causal mechanisms can both work in this case,
it is necessary to present two different formulations. They are, however,
not necessarily mutually exclusive modellings of the firm growth process.
All three models have extremely simplified structures, which are intended
to be no more than charicatures'of the much more complex firm growth
processes in the real market economy.

Consider first the case of a homogeneous product industry which con-

gsists of many firms producing exactly the same product. Firms are here



unable to control the price of their own product and take the market price
as given. Let p(t) be this market price prevailing at time ¢t . (The
discussion of how this market price is determined at each point in time

is postponed to the following paper (Part III); in the present paper,

it is tentatively supposed to be exogenously given.) Then, we can cal-
culate the 'profit margin" of the firm whose unit cost equals ¢ at

time t as (p(t)-c)/p(t) , which can be approximated as £&n p(t) - &n c .
1f we suppose that the value ratio between output and capacity (or capital
stock) varies little from firm to firm as well as from time te time, this
index of profit margin can be regarded as a good proxy for the rate of
profit for thé firm., (This is of course true only for the firm operating
at full capacity. The rate of profit of the firm operating below its
capacity has to be adjusted by the factor equal to its capacity utiliza-
tion rate, The discussion on the firm's production decision is post-
poned to the next paper.)

Let gt(c) represent the rate of capacity growth of the firm whose
unit cost equals ¢ at time t . Our hypothesis concerning the firm's
capacity growth policy in this case is that the rate of capacity
growth  1s positively correlated with its current profit margin, either
by its effect on the future profitability or as the source of the internal

fund for investment. Or, as a first-order approximation, it is assumed

that

e g (c) = g) +g'+(2n p(E) - tn ©) ;

where gé and g' (> 0) are given constants. This equation says that
the lower the unit cost in relation to the current product price, the

larger the rate of profit and hence the greater the rate of capacity growth.



Next, consider the case of a monopolistically competitive industry
which consists of many firms competing with each other by producing dif-
ferentiated products. Unlike the preceding case of homogeneous product
industry, the two causal mechanisms from successful innovation or imitation
to firm growth, explained at the outset of this section, are now both
at work. Let us examine them separately.

In order to formalize the first mechanism, suppose that each firm
adopts a mark-up pricing rule and sets the price of its own product p

as a constant mark-up on the unit cost ¢ ; that is:
(2) p = (14m) -c

where m > 0 is a constant mark-up rate, which is assumed to be uniform
across firms. Here, we do not analyze how this constant mark-up rate,
which is sometimes called (rather tautologically) the degree of monopoly,
is determined by the structure of industry. Let <c¢{(t) be the industry-
wide average unit cost and p(t) the industry~wide_average price, at

time t , respectively defined as

n
(3) anoc(t) =} sy ley)etn ey,
i=1
_ n
(4) in p(t) = ) st(ci)-zn Py
i=1
(where p; TYepresent the price of the firm whose unit cost equals ¢y ).

In view of the mark-up relation (2), we have the relation between them:
(5) p(t) = (L+m)c(r) .

Our main hypothesis in this case is that the firm's accumulated stock



of "good-will" of customers and hence its sales volume grow at a rate
which is correlated with how low its own price p deviates from the
industry-wide average p(t) . (See, for example, Phelps and Winter [1970]
for a wodel of the dynamics of good-will.) Since the firm expands (or
contracts) its productive capacity in accordance with the expansion of

its sales volume, we can in fact obtain, as a crude first-order approxi-
mation, the following formula for the capacity growth policy of the firm

with unit cest ¢

(6) g, (c) = g ~ g"(in p-tn p(L))

n

= gg - 8 c-n c(t)) , by (2) and (5);

where g" 1is a positive constant representing the responsiveness of the
growth rate of sales volume to the relative cheapness of the firm's pro-

1"

duct and &g ig a constant trend growth rate of sales volume. Equation
(6) thus says that the growth rate of the firm 1s governed by the degree
of its relative cost advantage, -{in c- &n c(t)) .

The second causal chain from technological change to growth in this
monopolistically competitive case is easlier to formulate if the innovation
1s not the process innovation but the product innovation. Accordingly,
let us here reinterpret the reciprocal of ¢, i.e., 1l/c , as the index
of the "quality" of the product in question. A product imnovation or
imitation thus amounts to an event which raises the value of this quality
index 1/¢ . Our hypothesis here is that the profit margin a firm can
enjoy at a given point in time is determined by the relative quality of
its product, which may be represented as fn(1/¢c) - fn(l/c(t)) . 1If,
furthermore, we suppose that the firm's rate of capital growth 1s posi-

tively correlated with its current profit margin (either by its effect



on the expected profitability or as the source of the internal fupnd for
investment), we can write down, as a very crude first-order approximation,
the capacity growth rate of the firm with the quality index 1/c as

follows:

(7 ge(c) = gg' + g™{2n(1/c) - tn(1/c(x))} ;

where g"' (> 0) and gg' are given constants. This equation says
that in this model of product innovation the higher the index of the pro-
duct quality 1l/c in relation to its industry-wide average 1/c(t) ,
the higher the rate of capacity growth of the firm in question.

The study of the process of firm growth has in the past centered

around the so-called '"Gibrat's law of proportionate effect' (Gibrat [1931]).

In its weak form, this is a proposition claiming that the expected growth
rate of a firm during a specific period is independent of the initial

gize of the firm. (Its strong form asserts, in addition, that this prob-
ability is independent of time and uniform across firms.) Three examples of
the firm's capacity growth policy, given in (1), (6) and (7), are all
formulated in such a way that they are consistent with this weak form of
Gibrat's law, for they all claim that the growth rate of productive capacity
is independent of the size of productive capacity itself. 0f course,

they at the same time insist that the growth rate varies from firm
to firm, depending on the difference in cost conditions or product

qualities and that the difference in capacity growth rate persists
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over time, to the extent that the difference in cost conditions or product
qualities persists across firms.

In what follows, in order not to complicate the exposition, we shall
call the real number c the unit cost even if we are dealing with the

case of product innovation. No confusion would arise from this convention.

4. The Logic of Economic Selection

We are now in a position of embarking on the detailed analysis of
the evolutionary process of the state of technology of an industry, under
the joint pressure of firms' capacity growth, technological innovation
and imitation. In order to put into relief the effect of the differential
growth rates among firms with different cost conditions, however, let
us begin our analysis by ignoring the effects of technological innovation
and imitation. They will be introduced into the analysis in the sections
that will follow.

Now, under the supposition of no technological innovation and imita-
tion, the frequency function, ft(c) , and the cumulative frequency
function, Ft(c) » ©Of unit costs are both invariant over time. (We have
also supposed that there is neither entry into nor exit from the industry
in question. An appropriate modelling of the process of entry and exit
is an important agenda for future research,) The capacity share function
st(c) and the cumulative capacity share function St(c) do, however,
change over time, in response to different growth rates among firms.
Their evolutionary pattern must be studied in detail.

For this purpose, differentiate the definition of the capacity share

function, st(ci) = kt(ci)/Kt , with respect to time, and we obtain:
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s (e k() K
(8) = -
st(ci) kt(ci) Kt
_ kt(ci) ) n k(e ).s )
kt(ci) =1 kt(cj) t i’

dx/dt . Since kt(ci)/kt(ci) is nothing but gt(ci) intro-

where i
duced in the preceding section, we can substitute into the above equation
policy, (1),

each of the three formulae for the firm's capacity growth
First, if we substitute (1}, we

(6) and (7), in the previous section.

obtain,
ét (ci) . . — kS 1 1 T
(%) 'EETEET.z {goﬁ.g_(gn p(t) - in ci)} - jZl{go--g.(ln p(t) - n cj)}st(cj)

- fn c(t)) .

= —p',
g {(in ci

Second, if we substitute (6), we obtain
ét(ci) _ n ) _

(10) ;:TEZT-n {go-g-(ln ¢y - fn c(t))} - jzl{go-g .(tn cj-ln c(t))}st(cj)
= —g"(2n ¢, - in c(t)) .

Finally, if we substitute (7), we obtain

s, (c,)
any A s qgh +e™ (/e - /()
t i
n
- 1 {gf'-g™Un(1/ey) - n(1/c(1)) )
351

= —g"'(fn ci——ln.E(t)) .

Therefore, whether the industry in question produces a homogeneous

product or not, and whether, in the case of a differentiated product
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industry, innovation is of the process type or of the product type, the
growth rate of the capacity share of a given unit cost, ét(ci)/st(ci) .
is shown to be proportional to the extent of its relative advantage over

the industry average unit cost, -(fn ¢, - &n c(t)) . In other words,

1
the lower the unit cost relative to the industry average, the more rapidly
will the productive capacity with that unit cost gain its share; and

the higher the unit cost relative to the industry average, the speedier
will the productive capacity with that unit cost lose its share in the

industry. For the sake of brevity, let us summarize this result in the

form of:

Hypothesis (G): Whether the industry in question produces a homogeneous

product or heterogeneous products, the growth rate of the capacity share

of the firm with unit cost equal to c¢, is determined by the following

i
equation:
ét(ci) _
(12) -S":—(E;—")— = ~g{in ci-ln c(t)) ;

where g (> 0) 4is a given positive constant.

The above equation says that the share of productive capacities which

have a "cost advantage” in the sense of ¢, < c(t) grows at a rate which

i
is proportional to the relative size of that cost advantage. Tt thus
appears to grow exponentially at this rate over time and hence exceed
any positive number eventually. But, of course, the capacity share can
never exceed unity by being a relative fraction! Scmething was wrong

with our reasoning, and it is not difficult to locate where it went wrong.

Indeed, it is only necessary to recall the definition (9) of the average
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wmit cost c(t) . It is plain from this that c(t) is not a given con-
stant, but a weighted geometrical average of existing umit costs with
weights being their corresponding capacity shares, which grow or contract
according to the very dynamic equation (12) we are analyzing. As time
goes by, productive capacities with lower-than-average unit costs grow
relatively more than those with higher-than-average unit costs. This has
an effect of shifting weights in favor of lower-than-average unit costs,
thereby reducing the weighted average unit cost c¢(t) . Such a decline
of the average unit cost undercuts the existing unit costs one by one and
has these capacity shares contract until the productive capacities with
the least unit cost dominate the entire industry and the value of the
average unit cost is reduced to the level of this least unit cost. (In
Appendix 1, we deduce an equation which illustrates this point in a summary
form.) |

In order to make this point clearer, we find
it convenient to transform equation (12) into another differential equa-~

tion of the cumulative capacity share function in the following manner:

(13) §t(ci) = E ét(cj) = % {~g(2n cj-tn'z(t))°st(cj)}
j=1i j=1i
n n
= —g{jzizn cy8,(c) - [jélm e85, ()15 (e )}
n i-1 n
= -g{jzizn cj-st(cj)-[jzlzn cj-st(cj)-+j£i£n cj-st(cj)]-st(ci)}

[g°6t(c1)]-5t(ci) «[1- St(ci)] 3

where Gt(ci) > 0 is defined by
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i-z-l iil Iz‘l Iil:
(14) 6, (e,) = tn ¢, o8, _(c,)/ ) s, .{(c,) - in c,s5,.(c.)/ ) s, (2 ,

for 1 =2, 3, ..., n. The function 6t(ci) thus defined represent the
difference between the logarithmic average of the subset of unit costs
which are at least as high as S and the logarithmic average among
those which are at least as low as ¢, . When the number (n) of distinct

i
unit costs is two, Gt(cz) equals An ¢, - Ein c (> 0) , which is con-

1 2
stant over time. ( Gt(cl) is undefinable in this case.) When the number
of distinct unit costs is more than two, Gt(ci) can no longer be treated
as a given constant, However, even in this case, its value does not appear
to fluctuate much from one unit cost to another, nor from one polnt in

time to another. Indeed, from now on, we proceed our analysis as if the

value of Gt(ci) were a given positive constant, and write it simply as

8 ? Then, the above equation can be rewritten as
s ~ o [1-
(15) §.(c,) % (g8rs (e [1-5,(c )] .

This is, of course, a logistic differential equation with growth
parameter g8 . It thus has an explicit sclution of the form:

1

(16) S (ey) ¥ 37 (T/5,(c) ~ D -expl-gd- (¢-D1

vhere T (: t) 1is a given initial time,

Therefore, if there is neither innovation nor imitation incessantly
altering firms' cost conditions, the difference of capacity growth rates
between low cost and high cost firms sets in motion the cumulative capacity
share function St(c) (approximately)along a familiar logistic growth

path (16). (See Figure 1.) The logic behind this logistic growth process
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is easy to explain. For instance, the capacity share of the least unit
COSt, St(cn) » can grow almost exponentially when it is small. But,

as it begins to occupy a non-negligible portion, the weights of the in-
dustry average unit cost c(t) begins to shift towards the lower unit
costs. As a result of this distributional effect, the average unit cost
c(t) begins to decline as well, and the relative cost advantage of the
least cost firms gradually disappears. The capacity share of the least
cost firms therefore lags behind the exponential growth path of the initial
stage, and decelerates its growth momentum as it becomes larger and larger.
It never stops growing, however. With decelerating speed it nonetheless
approaches unity asymtotically. The capacity shares of the less efficient
production methods, St(cn—l)’ st(cn_z), vaes st(cl) , on the other hand,
dwindle gradually over time (though some of them may grow temporarily
before they start dwind_ling) and disappear entirely in the long-run.

Other things being equal, the only possible long-run state of tech-
nology is the complete monopolization of the industry's productive capacities
by the group of firms (or a firm) which are lucky enough to begin with
the most efficient, least cost production method. The dynamic competi-
tion among firms for capacity growth thus selects out the most
efficient ones in the industry. In the long-run only the fittest sur-
vives. This model is thus a paradigm of the doctrine of "economic
selection”" & la Milton Friedman et al., in which the analogy to the
biological theory of natural selection is perfectly valid.

In the following two sections, however, we shall show that the doc-
trine of economic selection itself will not survive once the processes of
imitation and innovation are explicitly introduced into our evolutionary

model of the industry.
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Fig. 1: The evolution of the capacity shares of different unit costs under
the sole pressure of economic selection
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Fig. 2: The evolution of the capacity shares of different unit costs under
the joint pressure of economic selection and technological imitation
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5. Imitation and Economic "Selection”

Let us now introduce the process of technological imitation into
our picture of the industry. To this end, we have to slightly modify
the hypothesis (IM') employed in the previous paper concerning the prob-
abilistic law governing the process of imitation. A modified hypothesis

is as follows:

Hypothesis (IM): The probability that a firm is able to copy a particular

production method is proportional to the share of total productive capacity
which employs that method in the period in question. The firm, of course,
implements only the method whose unit cost is lower than the one it is

currently using.

Formally, this hypothesis says that the probability that a firm with
unit cost c; imitates a production method of unit cost ¢ during a
small time interval [t, t+At] is equal to
u-st(c)At » for ¢ <c., and

(17

0 , for c > cy 3

where u > 0 is a parameter summarizing the effectiveness of the firm's
imitation activity. Thus, unlike the previous hypothesis (IM'), it is
easier for the firm to imitate the production method of a large size firm
than that of a small size firm. On the other hand, its own size does

not provide the imitator with any particular advantage in the probability
of imitation, although, once a better production method is successfully
copied, the assumed disembodied nature of technological change confers
the proportionally larger fruits on the larger size firm.

Under the modified hypothesis (IM), it is not difficult to apply
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the argument similar to the one given in Section 2 of the preceding paper
and obtain a differential equation which describes how the firms' imita-
tion activities move the industry's cumulative share of productive
capacities with unit costs c; or lesg, St(ci) . For this purpose,
let us first note that the value of St(ci) changes whenever one of the
firms whose unit costs are higher than ey succeeds in imitating one

of the production methods with unit cost ¢y, or less. 1In fact, the value
of St(ci) increases by the magnitude equal to the capacity share of

the imitator. Now, let M be the number of firms in the industry. Then,
the number of firms whose unit costs are higher than ¢, can be counted

as (1-—Ft(ci))M . Since the total capacity share of these firms is given
by (1-St(ci)) s their average capacity share can be calculated as
(ln-st(ci))/(l-Ft(ci))M. On the other hand, since by hypothesis (IM)

the probability that each of these firms sﬁcceeds in imitating one of

the production methods with unit cost ¢, or less 1s equal to
u-{st(ci)4-...4—st(cn)}-At = ust(ci)ﬁt during a small time interval

[t, t+At] , the probability that one of them succeeds in such an imita-
tion during the same time interval is given by {uSt(ci)At}°(l—-Ft(ci))-M .
We capn therefore compute the expected increase in the value of St(ci)
during [t, t+At] as {(l-St(ci))/(l-Ft(ci))ﬂ}'{ust(ci)At(l-Ft(ci))M}

= ust(ci)(l-st(ci))nt . The so-called law of the large numbers then allows
us to use this as a good approximation of the actual increase in the

value of the cumulative capacity share from time t to time t4AL ,
St+At(ci) - St(Ci) . If we let At approach zero, we finally obtain

the following familiar logistic differential equation:

(18) ét(ci) = u-S {c,)-[1-8 ()] .
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This equation, however, has not taken account of the effect of the dif-
ferential growth rates among firms with different cost conditions, which
was described by equation (16) of the preceding section. If, therefore,
we add (16) and (18), we obtain a new logistic differential equation which
describes the combined effect of the processes of capacity growth and

technological imitation:

(19) §.(c)) = (u+gs)es (c)1-5 ()] .

Solving this explicitly, we obtain a new logistic growth path of the form:

@) Sy = TIAep T D SR GFE DT

for t > T . Under the combined pressure of capacity growth and techno-
logical imitation, the cumulative capacity share function St(c) will
(approximately) follow a familiar logistic growth path, illustrated by
Figure 2. The only formal difference from the preceding case of no
technological imitation is that its growth parameter is now the sum of

gé and y -=the sum of the parameter representing the effect of differ-~
ential growth rates and the parameter representing the effect of imitation
process. In the long-run, therefore, the least cost production methed
will again completely dominate the industry's total productive capacity.
(That is, St(cn) +1, as t—+w= )

The process of capacity growth and the process of technological imi-
tation, however, contribute to the logistic growth process of the
cumulative capacity share function for entirely opposite reasons. While,
as was shown in the preceding section, the former represents the force

wvhich tends to amass the industry's productive capacities in the hands
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of few technologically advanced firms through their capability of rapid

capacity growth, the latter represents the force which dissipates the

advantage of the low cost production methods among all firms through their

imitation efforts. While the former represents a centralizing tendency,

the latter represents a decentralizing tendency of productive capacities,
In order to see in more detail how these two opposite tendencies

will interact with each other, let us now turn our attention to the evolu-

tionary pattern of the cumulative frequence function of unit costs,

Ft(c) . Indeed, a slight modification of the argument employed in deducing

the logistic differential equation (18) leads us to the following

differential equation:
(21) Foep) = ws () (1-Fole)) .

Here, (1-—Ft(ci)) in the right-hand-side represents the fraction of the
firms whose unit costs are hipher than ¢; » and n'St(ci) the prob-
ability that one of these firms succeeds in imitating one of the production
methods with unit cost cg or less per unit of time. The expected in-
crease in the value of Ft(ci) rer wnit of time, therefore, equals their
product, so that an agpplication of the strong law of large numbers gives
us the above differential equation. Note that the differential growth
rates among firms have no direct impact on the motion of Ft(c) y except
indirectly through their influence on the probability of the success of
imitation.

As is shown in Appendix 2, it is possible to solve the differential

equation (21) and deduce the following explicit formula for the growth

path of Ft(c) :
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(22) Ft(ci) =1 - (l-FT(ci)){(l-ST(ci))~+ST(ci)
cexp[(gs +1) (£-1) 11" H/ (85+)

for t > T and for all i=1,2, ..., n., "It is not difficult to see from

this equation that the frequency of the firms employing the best practice method,

Ft(cn) » grows slowly at first, but accelerates its speed as the corres-
ponding capacity increases its share logistically. After the
corresponding capacity share reaches its midpoint, 1t loses its growth
momentums but nonetheless approaches unity asymptotically. (That
is, Ft(cn) +1, as t+=,) In the long-run, therefore, all the firms
in the industry will come to adopt the best practice method with unit
cost ¢

In the economy with no technological imitation (DNOY jipnovation),
the firms which are lucky enough to possess the least cost production
method and hence able to afford the highest growth rate will in the long-
run monopolize the whole productive capacity of the industry. As soon
as, however, the possibility of technological imitation by relatively
high cost firms 1s taken into account, this natural-selection-like logic
loses much of its effectiveness. True that the lowest cost firms wiil
again monopolize the whole productive capacity in the long-run, but, as
we have seen above, the force of technological imitation will eventually
allow all the existing firms to join the rank of the lowest cost firms.
In fact, it is precisely the very expansion of the productive capacity
of the lowest cost firms—their own success--which necessarily invites

the vigorous imjitation activities of the less fortunate ones and betrays
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their own bids for the dominance of the whole industry. The human force
of imitation thus has the power to overcome the blind force of economic
selection., It is, in other words, the Lamarkian mechanism, not the
Darwinean, that assures the survival of the firms i4n thls world of
capacity growth and technological imitation.

Still only the fittest survives in this world, and the industry's
long-run state of technology is nothing but a neoclassical paradigm of
perfect information. The introduction of technological innovation, how-

ever, will destroy this last vestige, as we shall see in the section that

follows.

6. Innovation and "Economic Selection"

Finally, let us introduce the process of technological innovation
into our picture of the industry. To begin with, we follow the notation
of the previous paper and denote by T(cN) the innovation time of a unit
cost Cy » i.e., the time at which a production method of unit cost
Cx is for the first time put into practice in the industry. Then, at
each innovation time T(cN) , the capacity share of the production method
of °N unit cost emerges out of nothingness and starts its long evolu-
tionary journey. Unlike the special model, analyzed in the previous paper,

which ignored the difference in firms' productive capacities, we can no

longer claim that the initial capacity share, ST(c )(cN) , is equal to
N

1/M , where M 1is the number of firms. The initial capacity share may
become larger or smaller than 1/M , depending upon whether the capacity
size of the innovator is above or below the industry average. Figures
3 and 4 illustrate, respectively, the evolutionary pattern of the cumu-

lative capacity shares, St(ci) , in the special case where only one of



Few o Cnee

1
° t
T(Cn)
Fig. 3: The evolution of the capacity shares of different unit costs under

the joint pressure of economic selection, technological imitation
and technological innovation --- the case where only teclmologically

the most advanced firms can innovate
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Fig. 4: The evolution of the capacity shares of different unit.costs under
the joint pressure of economic selection, technological imitation

and technological innovation —-- the general case
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the lowest cost firms can strike an innovation and in the general case
where any firm can become an innovator. They are, in fact, revisions
of Figures 3 and 4 of the previous paper, respectively.

As soon as we come to explore the long-run consequences of the firms'
innovation activities, it is no longer necessary to modify our analysis
given in Section 6 of the previous paper in any substantial manner.

To see this, let us first restate two hypotheses concerning the process
of technological innovation. First, let C(t} be the potential unit cost,
i.e., the unit cost of the best production method technologically possible
at time t . The movement of this potential unit cost is determined by

the basic research activities outside of the industry. Our first hypothesis

is:

Hypothesis (PC): The potential unit cost is declining at a constant

{positive) rate X over time; that is:

{23) Cit) = exp(-rt) .

The second one is concerned with the stochastic nature of innovative

activity:

Hypothesis (IN-i): Every firm has a small but equal chance for successful

innovation at every point in time. Specifically, the probability that

a firm succeeds in carrying out an innovation during a small time interval

At is equal to
(24) veAt 3

where v > 0 is a parameter summarizing the effectiveness of the firm's

8
innovation activity.
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Hypothesis (PC) amounts to saying that the innovation time of a given
production method with ¢ unit cost, T{(c) , has the explicit functional
form of (1/A)fn ¢ . Hypothesis (IN-i), on the other hand, says, within
the context of the present paper that the size per se does not provide
the firm with any advantage in the probability of its innovative success.
At the same time, however, because of the assumed disembodied nature of
technological change, the fruits of a successful innovation can be enjoyed
by the firm in proportion to its existing capacity size. All in all,
hypothesis (IN-1) implies a kind of constant returns to scale with respect
to the firm's imnovative activity.

Let S:(c) denote the expected value of the cumulative capacity
share function at time t . For the purpose of describing the long-run
average behavior of the cumulative capacity share function, we only have
to concern ourselves with the motion of S:(c) .

We know from equation (19) that, if no innovation occurs, St(c)
increases by (g6-+u)St(c)(1-St(c))At during a small time interval
[t, t+At] . If, on the other hand, a firm whose unit cost is higher than
¢ succeeds in inmnovation during this time, St(c) increases, in addition
to the above magnitude, by the amount equal to the capacity share of the
innovator. {(Note that an innovation made by a firm with unit cost c
or less does not affect the value of St(c) .) Now, at time ¢t there
are (1-Ft(c))-M firms in the industry whose unit costs are higher than
¢ , and the total share of productive capacities of these firms are
given by (1-St(c)) . Their average capacity share is therefore equal
to (1-St(c))l(1—-Ft(c))-M . Since by hypothesis (IN-i) the probability
that one of these firms strikes an innovation during a time interval ¢

is equal to (v-At)-(l-Ft(c))-M , the expected increase in the value
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of St(c) from time t to time t+ t , due to innovation, can be cal-
culated as {(\J-At)-(l—Ft(c))-M}-{(l-St(c))/(l-Ft(c))-M} =v:(1-5 (c)) At .
Hence, the expected increase of St(c) during the same time period, as

a combined result of growth, imitation and innovation, is given by
{(ga+p)st(c)(1-st(c)) + v(l-st(c))}-ﬁt . In terms of the expected cumu-
lative frequency function S:(c) , Wwe can state this result in the form

of differential equation as

(25) St(e) & (g&Hn)S(e) (1-5¥(e)) + v(1-SE(e)) .

Solving this explicitly and noting the obvious initial condition:

S;(c)(c) =0, we obtain

(26) s*(c) % Lo/ (gn) -
t 14 B%QXP["(SS'*U +v)(t-T(c))] B

1l

let z = fn ¢ - &n C(t) represent the cost gap, i.e., the proportionate

difference between a given unit cost ¢ and the potential unit cost

C(t) . Then, under hypothesis PC), we can rewrite the above expression as

% _ 1 4 v/ (gb+y) _ v
27 St(c) % g(z) - 1+ gd+u xp[- go+utv } gd+y °
v A

This represents the long-run average cumulative capacity share as a func-
tion of the cost gap 2z , independently of the calendar time t . Its

density form can be easily computed as
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(28) 5(z)

[otmemstg) + [ i)
The long-run average cumulative capacity share function 4(2) s OF equi-
valently its density form g(z) , 1is a long-run statistical summary of
the relative distribution of the industry's total productive capacity
over a spectrum of production methods with diverse unit costs. It shows
how the dynamic interaction among capacity growth, imitation and innova-
tion will in the long-run generate a statistical regularity out of the
seemingly irregular pattern in which the relative shape of the capacity
share function reproduces itself over time {without collapsing into a
single atom). Indeed, both the long-run average cumulative share func-
tion g(z) and its density form g(z) have the same functional forms
as the long~run average cumulative frequency function of unit costs and
its density form, we deduced in Section 5 of the preceding paper, except
that the parameter u in the latter is now replaced by the sum of
and g8 . Their general shapes are illustrated in Figures 5 and 6.
It is not difficult to see from these capacity functions that an increase
in the declining rate of potential unit cost, A , tends to widen the
average of the cost gaps of the industry and at the same time to disperse
their distribution across firms, that an increase in the rate of inno-
vation, v , tends to narrow the average of cost gaps and concentrate
their distribution, and finally that an increase in either the rate of
imitation, u , or the growth parameter, gé , also tends to narrow

the average of cost gaps and concentrate their distribution.



Fig. 5: The long-Tun average cumulative capacity share function of cost gaps
(where A = .05, v= .01, y = .50 and gé = ,50)

o .5 2

Fig. 6: The long-run average capacity.density of cost gaps
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let %(z) and ?(z) denote the long-run average cumulative frequency
function of cost gaps and its density form, respectively. In Appendix

3 we are able to deduce their explicit forms as follows:

~-u/(gé+u)
- g&4+u v vte S+ H
(29) F(z) 1- exp[ l(gﬁ-f-u)z 5 +— S *eXxp [—--'.g——z)\ ]

—u/{gd+u)
(30) ) = expl:— vgs :l r85+u v exp{ﬁ-g&. ﬂ

A(gs+u)” t}+g6+u vg S+ v
. 14+ v/(gd+u) + ve s
%+A(gu6\;l~u) cexp [_ 55+Ap+\) ] (gs+u)

They represent statistically how the firms in the industry are distributed
over production methods with different cost conditions in the long-run.
Their general shapes are illustrated in Figures 7 and 8, It is not dif-
ficult to show (at least numerically) that these long-run average frequency
functions respond to changes in parameters qualitatively in the same manner
as the long-run average capacity share functions.

What is of the primal importance is, however, not the specific results
of comparative statics concerning these long-run average capacity share
and frequency functions, but the general observation that a spectrum of
production methods with diverse unit costs will forever coexist in the
industry. Not only the fittest but also the second, third, fourth, ...,
indeed, the whole range of the less fit will survive in the long-run.
The force of economic selection working through the differential growth
rates among firms with different unit costs is constantly outwitted by
the firms' imitation activities and intermittently disrupted by the firms'
innovation activities. Indeed, the processes of growth, imitation and

innovation will interact with each other and work only to maintain the
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Fig. 7: The long-run average cumulative frequency function of cost gaps
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Fig. B8: The long-run saverage density function of cost gaps
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relative structure of the industry's state of technology in a statistically
balanced form in the long-run, as is described by the pair of long-run

n
average cumulative capacity share function and frequency function, §(z)

and ?(z) , or of their density forms, §(z) and ?(z) , given above,.

7. Empirical Returns to Scale

The relationship between the sizes of firms and their efficiency
(or profitability) has been one of the central issues in the traditional
theory of the firm and industrial organization. The question which is
usually asked is: "what general effects will the sizes of firms...have
on the efficiency attained in production and distribution?" (Bain [1968],
p. 163). Behind this question is a static view that the size is an in-
dependent variable which functionally explains the degree of efficiency
the firm attains in the form of economies or diseconomies of large-scale
firms. Numerous empirical studies which try to detect the existence of
positive or negative correlations between size and efficiency on the basis
of individual firm data have thus been conducted in the hope that these
cross-sectional correlations would reveal the underlying functional rela-
tionship between firm size and efficiency.

In the present paper, we have started from the premise that the unit
cost of production for each firm is constant (up to the position of pro-
ductive capacity) at each point in time and hence that there exists no
systematic relationship between firm size and efficiency at the level
of individual firm. The unit cost each firm has attained is the fruit
of the firm's innovation and imitation activity in the past, whereas the
capacity size of the firm is the cumulative result of its past growth

policies whose major determinant is nothing but the profitability or the
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relative efficiency. Both size and efficlemcy have, therefore, the firm's
pursuit for technological superiority in the form of innovation and/or
imitation as their common cause--the former as its long-run effect and
the latter as its more immediate effect.

It is thus expected that this dynamic causal relation in the long-
run gives rise to a certain statistical relationship between capacity
size and unit cost in our Schumpeterian model, even though any static
relationship is by assumption precluded between them. This is indeed
the case, and in Figure 9 , we illustrate numerically a typical shape of
the ratio betwgen the long-run average density of capacity share and of
firm frequency, g(z)/%(z) . This ratio represents (approximately) the
average capacity size of firm (measured in terms of the average firm size
of the industry as a whole) at each value of cost gap z . It normally
has a truncated bell-shape, so that there is in the long-run a negative
correlation between capacity size and cost gap for relatively efficient
firms (i.e., for firms with relatively low values of cost gap) and a
positive correlation for relatively inefficient firms. - Reason for such
non-monctonic correlation is not hard to come by. The firm size is
nothing but the legacy of the capacity growth in the past, which was in
turn governed by the relative performance of its cost conditions in the
past. The most efficient firms at present are those who have recently
succeeded in innovation or those which have recently succeeded in imitating
the innovator.. The fair law of chance then indicates that they were
probably not successful in innovation or imitation in the near past,
and they are yet to exploit their good luck by rapidly expanding their
capacity. The most efficient firms are, therefore, unlikely to be the

ones with the large capacity size. The large size firms are, on the other
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Fig. 10: The long-run average relations between efficiency and firm size
for different values of ) (where v = .Dl, u = .50 and g$ = .50)
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Fig. 11: The long-run average relstions between efficiency and firm size
for different values of v (where A = .05, u = .50 and gé = .50)
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hand, probably those which have already passed their prime times and are
currently enjoying their past success in innovation or imitation. They
therefore tend to dominate in size the class of firms with modest values
of cost gap. Finally, the firms with currently poor efficiency are likely
to be small because of their relatively lower growth rates in the past.

The above explanation of the spurious relationship between size and
efficiency has nothing to do with the conventional explanation based upon
the static notion of economies or diseconomies of large-scale firms.
1f, however, empirical researchers run cross-sectional regressions of unit
cost on capacity size or vice versa, they are likely to detect diseconomies
of scale if they restrict their data to firms which earn at least some
minimum rate of profit and economies of scale if they discard high profit
firms as abnormal. If they do not restrict their data set, they are then
unlikely to detect any economies or diseconomies, although they are likely
to discover in this case that within-the-class-dispersion of unit costs
increases as capaicty size decreases, Needless to say, these purely
theoretical predictions are very much in conformity with the results of
the past empirical analyses of the relationship between size and efficiency
or profitability.9

Figures 10, 11, 12 and 13 41lustrate how this empirical relation-
ship between efficiency and size varies as each of the basic parameters
changes its value. Figure 11 shows that an increase in the declining
rate of potential unit cost, A , tends to widen the range of empirical
scale diseconomies and moderate the extent of both empirical diseconomies
and economies of scale., Figure 12, on the other hand, shows that an in-
crease in the probability of imnovation, v , tends to narrow the range

of empirical scale diseconomies but at the same time slightly moderate the



Fig. 12: The long-run average relations between efficiency and firm size
for different values of u (where A = .05, v = .01l and g6 = .50)
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Fig. 13: The long-run average relations between efficiency and firm size
for different values of g6 (where A = .05, v= .01 and y = .50)
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extent of scale economies and diseconomies. Figure 13 also shows that
an increase in the likelihood of imitation, u , tends to narrow the
range of empirical scale diseconomies but moderate the extent of both
scale economies and diseconomies. Finally, Figure 14 shows that an in-
crease in the force of economic selection, represented by gé , tends
to narrow the range of empirical scale diseconomies and accentuate the
extent of both scale economies and diseconomies. In fact, when gé =0 ,
that is, when the force of economic selection iz completely absent, no

statistical relation should be detectable between efficiency and size

across firms.

8. Concluding Remarks

The doctrine of economic selection insists, by means of the analogy
to the biological theory of natural selection, that only the most effi-
cient firms will gsurvive the long-run competitive struggle for limited
resources for capacity growth, It is this doctrine which has served the
ultimate foundation of the orthodox belief in the "rationality" of indi-
vidual economic agents and the "efficiency" of the market system as a
whole, but which has seldom been formalized rigorously within the context
of economic processes in which self-seeking firms, not biological species
or genes, compete with each other for their survival and growth.

In the present paper, we have developed a simple dynamic model of
industrial structure in which firms grow or contraet {relative to others)
in accordance with the success or failure of their innovative and/or
imitative activities and the evolution of the state of technology of the
industry as a whole is governed by the complex interplay among growth,

inmnovation and imitation of these firms. The "force" of the logic of
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economic selection has then been tested within this explicitly evolution-
ary model of economic process.

In the first place, we have found the paradigm of the economic selec-
tion doctrine in an artificially constructed economy in which no possibility
of technological innovation or imitation is allowed to the firms. In
this special enviromment it is not difficult to see that a firm or a group
of firms which is lucky enough to start with the most efficient production
method will outgrow all the other firms and eventually dominate the whole
préductive capacity of the industry. Only the fittest will survive the
competition and the industry will in the long-run find itgelf in a static-
equilibrium ofrperfect technological knowledge. Once, however, the pos-
sibility of technological imitation is brought into our model, the force
of the logic of economic selection loses much of its forcefulness. It
is true that even in this case only the most efficient firms will survive
in the long-run, and the industry will eventually settle down to a static
equilibrium with perfect technological knowledge. But such long-run state
is brought about, not by the success of the most efficient firms in their
striving for the higher growth rate, but by the success of the less effi-
cient firms in their efforts to imitate the most efficient ones. The
blind force of economic selection is thus outwitted by the human force of
imitation process. Finally, when firms are allowed to innovate in their
production methods, the selectivé forces of market competition is no longer
capable of weeding out the less fit even in the long-run. Not only the
most efficient but also the whole spectrum of firms with diverse efficiencies
will survive forever. Indeed, it has been showm that the dynamic inter-
actions among the processes of growth, imitation and innovation will keep
the industry's state of technology from settling down to the static equi-

librium and reproduce in the long-run a relative dispersion of efficiencies
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across firms in a statistically balanced form. The doctrine of economic
selection itself has thus failed the "test of survival."l0

(As a by-product of our critique of the doctrine of economic selec-
tion, we have been able to demonstrate the existence of a statistical
relation between efficiency and firm size; indeed, a negative correlation
among the firms with relatively high efficiencies and a positive correla-
tion among the firms with relatively low efficiencies. Since each produc-
tion method is assumed in this model to be of constant-return-to-scale
type, this relation is due solely to a statistical effect of the dynamic
relations between technological innovation and imitation and capacity
growth.)

Our critique of the doctrine of economic selection is, however, still
incomplete. Though we have been able to demonstrate the long-run per-
sistence of the difference in efficiencies across firms against the
selective force of market competition, this technological diversity is
merely an ex post diversity arising from the essentially non-deterministic
nature of the laws governing the processes of immovation and imitation.
All the firms in our model are, from the ex ante standpoint, identical
in their potentiality for success and failure. In a forthcoming part
(Part IV) we intend to introduce the ex ante diversity in firms' capa-
bilities to innovate, imitate and grow and to advance our critique of
the doctrine of economic selection one more step.

Before we address ourselves to this program, however, we still have
to work out some of the important implications of themodel developed in
the present paper. In the sequel (Part III: "As-I1f" aggregate production
function and evolutionary growth accounting) we shall examine the deter-

mination of aggregate supply in our Schumpeterian dynamics and present
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APPENDIX 1

The purpose of this appendix is to deduce an equation which explains
the way in which the average unit cost of an industry move over time under

the pressure of differential growth rates among firms.

n
The average unit cost is defined as fn c(t) = ) #n ¢ o8, (c;)
i=1

and so

d fno(t)  o(t) B .
at = = ) fn c; s (eg) .

c(t) i=1

(a-1)

Substituting equation (12) for the growth rate of capacity share, we

obtain

(A-2)

) B -
— - iEIZn e, l-g+(n c; - n c(t))]'St(Ci)

= 'S'IZ(in Ci)z'st(ci)-ﬂn EYt)'Z 2n Ci'st(ci)]

= —g+)(4n ¢y —fn EIt))2°St(Ci)

Bence, the rate of decrease in the average umit cost, Jé(t)/g(t) , is
proportional to the cross-section variance of the logarithmic values of
unit costs. The average unit cost therefore keeps declining as long as
firms which do not have the least cost technique have non-negligible
shares. It stops declining only when the share of the least cost firms
approaches unity through their most vigorous capacity expansion and the
cross-section variance of unit costs becomes zero. The only possible
long-run equilibrium in this model without technological progress is the

situation in which the least cost firms dominate the entire industry.
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APPENDIX 2

The purpose of this appendix is to obtain an explicit solution to

the following form of differential equation:

(A-3) X, = ayt(l-xt) + B(l-xt) .
where
- = Y - = T.
(a-4) Ve *TF S emploe(emy] ~ " 71T
Let us rewrité (A-3) as
X,
t _ ay - (&
- 1--xt T T T+ 6 expl-e(t-T)] (B-an) .
Integrating this, we have
t
- -(ay)dt - (B~ - -
(A~5) tn(l-x.) IT T exploe (D] - B (1) + 2all-x) .

Let Z2(t) represent 1 + & exp[-e(t-T)] . Then the integrand in the

right-hand-side of the above equation can be rewritten as

Z(t) 4 ds Z(t), 1
(A-6) -(ay) - Ty Ty 42 (s) = ~ay- o dZ
oY f1+5 Z(s) dZ(s) 145 Z —€(Z-1)
Z(t)
- [._1__ ;]dz
€ 945 -1 2

e XY o S L e(eeT) ]
- "n{1+5+1+6 expl-e(t T)]}
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APPENDIX 3

Let us denote by F:(c) the expected cumulative frequency functions
of unit costs at time t . Under hypotheses (IM) and (IN-i), it

is not difficult to deduce the following differential equation concerning

its dynamic motion:

- =% e eck _pk 1wk
(A-8) Fi(c) = usg(e)(1-F(e)) + v-Q1 F (c)) .
In Appendix 2, we are able to solve this explicitly and obtain

(W) ) = 1 (=B () exp]- TEte-T())]

{ﬁggf—u ¥ v+gves+ue"1’[(v+s6+u) (t-T(e))]

}-u/(gGﬂi)

Noting the obvious initial condition: F;(c)(c) = 0, the hypothesis

(PC) enables us to rewrite this as

(A-10)  Fi(e) = ¥(2)

v . -u/(gd+u)
1= expl: Jt(g6+u)] \;+g6+u v+gs+u“xp[ ) z]] .

This is the long-run average cumulative distribution of cost gaps by firms.

Its density form is then given by

-u/(gd+u)

14+ v/(gs+) vgl

. + .
_3 _l_i\(gfl:u)ixp - 56+Au+vz] (g&+w)
\
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