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Abstract.

This paper contains a description of an evolutionary mode of industrial dynamics and areport on the
amulaion study of themodd. The presentation of themode is partitioned into two sections. Inthefirst
section | focus on the economic features of industria development with no technologica change
embedded,while an extended verson of this modd with the search for innovation process included is
presented in the next section.

In the next two sections, results of the smulation study on technologica regimes and firm entry is
presented. Technologica regimes relate to different types of innovation captured by the model, so |
consider the cost regime, the technica performance regime and the capital productivity regime. In
section 111 1 investigate the influence of the different types of innovation on the development of the
indugtry, particularly onindustry concentration and on the products' price distribution, and in the fourth
section an evolution of industry structure with the possibility of firm entry is investigated.
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|. The basic moded!.

The modd here employed describes the behaviour of a number of competing firms producing
functiondly equivaent products. The decisons of afirm reating to investment, price, profit, and so on,
are based on thefirm' seva uation of the behaviour of other competing firmsand 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, and there is no possibility of characterizing the limitation and
uncertainty of knowledge in Satigtica terms, for example, in terms of probability digributions. Firms
decisions can thus only be suboptimdl.

The generd structure of the evolutionary modd of industrid dynamicsispresented in Figure 1. The
product’ s price depends on the current innovation status of afirm, on theactud structure of the market,
and on the level of assumed production to be sold. The two arrows between Price and Production
indicate that priceisestablished in aninteractive way to meet of thefirm’ sobjectives(that is, to maintain
a rdativey high profit in the near future and to further the firm's development in the long term).
Modernization of products through innovation and/or the initiation a new production through radica
innovation depend on the investment capacity of the firm. Each firm takes into account al economic
congraints, asthey emerge during thefirm’ sdevelopment. Therefore, it frequently occursthat, because
of economic (financid) condraints, some promising inventionisnot incorporated into thefirm’ s practice.
One of the didtinctive features of the modd isthe coupling of technologica development and economic
processes. Current investment cagpacity isaso taken into account by each firmin theinvestment process
and price-setting. The success of each firmin the search for innovation depends not only on the amount
of R&D funds spent in the search for innovation, but dso on the extent to which the competitor’s
private knowledge is made public. Making the private knowledge of afirm known to competitorscan
in some cases gpeed up indudtrid development, but also diminishes afirm’ s incentives to spend more
on R&D projects. The advantages of making public the private knowledge of the firm should be
weighted againg the disadvantages.

The causa relationships between the main variables of the industrial modd are shown in Figure 2,
essentidly a more detailed description of the structure presented in Figure 1. A firm's investment
cagpacity depends on the firm's savings and the availability of credit, and dso, indirectly, on the firm's
debt. Production and investment decisions rely on the firm’ sexpectations of the future behaviour of its
competitors, the market ructure, expected profit, and the actud trend of the firm’ smarket share. The
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current technica and economic characteristics of output (in terms of their technica competitiveness,
being the measure of the products technica performance), and the characterigtics of the technology
used in manufacturing (in terms of unit production cost and productivity of capital) are taken into
account in the setting of price, investment, and production. Because of the inevitable discrepancies
between afirm’ s expectations and the real behaviour of the market, the quantity of the product offered
for de isdifferent from that demanded. The firm’s savings and its ability to pay current debts depend
on thered profit and income of thet firm.

We didinguish between innovation and invention (the latter being a novelty considered for
introduction into practice and thus becoming aninnovetion). There are two generd ways of searching
for inventions. autonomous, in-house research by each firm, and theimitation of competitors. Publicized
knowledge does not only permit imitation by competitors. From a number of inventions only a smal
fractionare selected to becomeinnovations. Innovation alowsthe modernization of current production,
but aso can initiate new, radical ways of production by implanting essentially new technology. In
generd, each innovation can effect areduction in the unit cost of production, increasing the productivity
of capitd and improvements in technical product performance, but frequently it happens that an
improvement in onefactor isaccompanied by adeteriorationin the others. Therefore, firmsusudly face
the problem of balancing the positive and negative factors of each invention, and alow it to become an
innovation if podtive factorsindicate thet the firm’s objectives will be attained.

FIRMS DECISIONS

One of the crucid problems of contemporary economics is to understand the process of
decison-making. Herbert Simon gtates that ‘the dynamics of the economic system depends criticaly
on just how economic agents go about making their decisons, and no way has been found for
discovering how they do thisthat avoidsdirect inquiry and observations of the process (Simon, 1986,
p. 38). Another problem is how to mode this processin aforma way. A lot of attempts have been
made to imitate real decision-making processes, some of which are very sophisticated and very close
to redlity. The purpose here, being afirst approximation, isto capturethe generd and themost essential
features of firms decison-making processes; at this stage of the modd’s development there is no
necessity to feature this processin detail. What is proposed isonly aninitid, very rough approximation
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of the decison-making process on the firm leve.

Here aprocedureis presented for evauating the production, investment, expected income and profit
in succeeding periods of time of firm i seling its product at price p;(t). The problem of choosing the
appropriate price p;(t) will be discussed later.

(a) Calculation of the product competitivenessc(t)

Two kinds of product competitiveness are distinguished: technical competitiveness and overdl
competitiveness (or, Smply, competitiveness). Technical competitivenessreflectsthe quality of technica
performance of the product on the market, and depends directly on the values of the product’ stechnica
characterigtics, such as rdiability, convenience, lifespan, safety of use, cost of use, qudity and
aestheticism. Overall competitiveness describes product attractiveness, and depends on technical
competitiveness and product price. There is no search for innovation in the model presented in this
section, and so al characteritics of products are constant and uniform for al products. In the next
section this assumption will be weakened and the technical competitiveness will dter because of the
emergence of technica innovations. Competitiveness, as a measure of attractiveness of a product,
grows with areduction in its price and an improved technica performance. It is assumed that product

competitiveness at a price p;(t) isequd to

L, 1
(p, (1)) @)

c(pi(®) -

where g is technicd competitiveness (constant during the smulation of the basic mode), and & the
eladticity of price; & isthusa characterigtic of the market and describes the sengitivity of the market to
price fluctuations. Let us denote by ¢(t) the competitiveness of products of firm i at time t, that is,

G(t) = c(pi(t)).

(b) Estimation of the average price and aver age competitiveness

1 This assumption imposes the corollary of the uniformity of technical competitiveness of all firms.
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It may be said, without much exaggeration, that dl man’s decisons are made on the basis of his
expectations. But as Herbert Smon asserts: ‘ economists do not disagree about many things, but they
disagree about afew crucid things, in particular, how peopleform expectations (Simon, 1986, p. 504).
It isrationd to assume thet, in generd, afirm knows nothing about the current and future decisions of
compstitors. It is assumed that the decisons of any firm are made independently on the basis of its
expectations of what other firmswill decide. The Smplest assumption isthat next time the competitors
will behave asin the past. Therefore, firmi estimatesthat in the succeeding period (t, t +1) the average
pricewill be equd to

P " pPMA&T;(t&1))%p; (1) f(t&1). 2
Similarly, the average competitiveness is expected to be equd to
cq(t) " cP(H) (1& f,(t&1)%c () f,(1&1), 3

where f,(t —1) isthe market share of firmi at the previousingtant, and pP(t) and cP(t) are trend vaues
of average price and average competitiveness, respectively.? It is assumed that prediction of the trend
vauespP(t) and cP(t) ismade outsde the industry and that these valuesareknown to dl firms. Different
formulae to calculate these values are built into the mode (for example, moving averages, linear and
exponentid trends), but indl smulations presented below the exponentid trend [ Aexp(Bt)] isassumed;
vaues of the average price and average competitiveness in the last five years of industry development
are suitable for calculation of the optimal values of the parameters A and B.

Equations (2) and (3) enableusto mode diversfied Stuationsfaced by different firmsFor example,
the ability of asmdl firmto “form” the average price is much less than thet of alarge firm. Smdl firms
are, in generd, ‘price takers in the sense that they assume that the future average price will be very

closeto the trend value, and large firms play the role of “price leaders or ‘price makers .

2 The expressions (2) and (3) have the same mathematical form for each firm. It is a simplification, made
intentionally to catch the most essential features of theindustrial processes. From an evolutionary perspectivethe
formulae ought to befirm specific, and the knowledge (firm’ sroutines) and firm’ s experience ought to be embedded
inthem. We hope to make the next * stepwise concretization’ in this direction after gathering the results of the first
elementary experiments with the model.
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(c) Estimation of the global production

After estimating the average price of al products on the market, globa production thet is, the global
demand Q(t), can be estimated!. It is assumed that al firms know the demand function,

degy = M(t) .
Q°(t) =pe(t)

where M(t) is an amount of money which the market isinclined to spend to buy productsat an average

(4)

price p(t). It is assumed that
M(t) " Nexp(at)(p(t))?, ©)

whereN isaparameter characterizing theinitid market Size, & the growth reate of the market, and a the
eladticity of the average price. Consumptiontheory and the results of empirical research (for example,
McConnell, 1984, p. 415) show that dmost dl price dadticities in demand functions are negetive: for
primary needs (for example, food, clothing) the eagticities are between 0 and —1, those of secondary
(or *luxury”) needs are below —1. So, it may be expected that for commodities fulfilling primary needs,
a is gregter than zero and smdler than one, and for commodities fulfilling higher-order needs (for

example, entertainment) & is smdler than zero.
(d) Estimation of the market share of firmi

After estimation of the average competitiveness of dl products offered for sde, and perceiving the
competitiveness of its own products, firm i may try to estimate its future market share. | propose
determinidtic selective equations similar to those used in our models of evolutionary processes

(Kwasnicki, 1979; Kwasnicka, et a., 1983). The share of firm i in period (t, t +1) isequad to
c

(1)
ce(t)

f(t) " f(t&1) (6)

This means that the share of firm i increases if the competitiveness of its products is greater than the

average competitiveness of dl products offered for sde, and declinesif the competitivenessissmaler
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than the average competitiveness®
(e) Estimation of the production of firmi

Having estimated the expected share and the expected size of the market, firm i is able to estimate the
quantity of production to be accepted by the market on the basis of the smple equation,

Q>(t) ™ fi(1)Q(t). (7)
The capital needed to produce output Q(t) is equd to

Ki(t) = Q°(t)/A, (8)

where A is the productivity of capital. Because there is no R&D process, firms do not improve the
productivity of capitd, and in the basic modd A is congtant and uniform for dl firms.

If the required growth of the capita of firm i is greater than its investment capability, then it is
assumed that the capitd of firmi at timet isequa to the sum of theinvestment capability and the capital
at t — 1, minusthe capital physical depreciation (the amortization). For the capital calculated in such a
way, production Qj(t) isrecaculated as

Q°(t) ™ K (D)A. 9)

(f) Estimation of the expected income and profit

The lagt gtep in the decision-making procedure is caculation of the expected income and profit of firm

3 There isthe possibility of applying stochastic sel ective equations. Probably the stochastic equationswould be
closer to reality becauseof the essentially random processof ‘ meeting’ aspecific product with aspecific buyer, but
at the actual level of development of the model the deterministic selective equations deal with the problem and give
satisfactory results. The proposed sel ective equations may betreated asthefirst approximation and the possibility
of making them stochastic after athorough investigation of the deterministic model isstill open. My intentionisthat
at theinitial stage of investigating the model, the random factors ought to berelated to theinnovation processonly,
to enable full evaluation of the influence of innovation on the behaviour of themodel. The search for innovationis
by nature a stochastic process and the assumption of the deterministic process of emergence of the innovations
leads to a significant departure of the model’s behaviour from the patterns of development observed in real
processes.
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i, which are equd to

AT Q)R (D&VV(QR(1))&E), (10)

b, " A&K (1)([%4a), (11)

where A isthe expected incomeof firm i a timet + 1, B, is the expected profit at timet + 1, Q(t) the
output (supply), V the unit production cost (because thereis no innovation, V is congtant and uniform
for dl firms during the smulation), v(Q) is the factor of unit production cost asafunction of ascale of
production (economies of scale), ¢ isthe constant production cogt, K;(t) the capital needed to obtain
the output Q3(t), i the norma rate of return, anda the physica capitd depreciation rate (amortization).

For agivenpricep;(t), the expansonary investment, the production in the next year, and expected
profit and income are calculated by applying the procedure presented above. The problem to be
discussed is the way of setting the product price p;(t). It is assumed that a firm takes into account its
invesment cgpabilities and estimates the vaues of an objective function for different prices of its
products. The price for which the objective function reaches the maximum vaueis chosen by afirmas
the price of its products.*

Different price-setting procedures (based on different objective functions and markup rules) have
been scrutinized, the results of which are presented in the work of Kwasnicki and Kwasnicka (1992).

The results suggest that firms apply the following objective function:

A(t% 1) Q(t% 1)

—_ ) F — ——
Ko 5T

q%%n)
Qs(t) J

O,(t%1) = (1& F,)

(12)
F " a exp{ &a,

whereF; is the magnitude coefficient (with values between 0 and 1), Q; the production of firmi inyear
t +1, A the expected income of firm i at t +1 (defined by equation (10)), QS the globa production of
the industry in yeer t and A the globa net income of dl firmsin year t. A(t) and QS(t) play the role of

#tisnot amaximization in the strict sense, since the estimation of values of the objectivefunctionis not
perfect and is made for the next year only; thisis not aglobal optimization once and for all asfirms apply thisrule
from year to year.
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constants in equation (12) and ensure that the vaues of both termsare of the same order. Thefunction
O, expresses the short- and long-term thinking of firms during the decison-making process (the first
and second termsin equation (12), respectively). The plausible values of the parametersarea, = 1 and
a; = 5; this means that long-term thinking is muchmoreimportant for the surviva of thefirms, and that
the firms apply flexible strategy (so thet, the relative importance of short- and long-term components
changesin the course of the firm's development, with the long-term being much more important for
gmdl firmsthan for big firms).

The decision-making procedure presented above provides aforma scheme for finding the proper
vaue of the price. | treat this scheme as an gpproximation of what is done by red decison-makers.
They, of course, do not make such caculations fromyesar to year, but rather think in the routine mode:
‘My decisions ought to provide for the future progpects of the firm and aso should alow 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 actua investment capabilities of the firm. It is possble to
embody in the modd different ways of caculating the firms investment capabilities. | propose to
investigate two formulag, one as proposed by Nelson and Winter (1982), and Winter (1984), inwhich
the investment capabiility of firmi in period (t, t + 1) isafunction of profits (D) in period (t —1,t); and
the second in which the investment capability depends on the firm's current savings (SV). Let uscal
these two the B-investment and the SV-investment Strategies, respectively. The investment capability
of firm i in the D-investment strategy is equd to:

IC,(t) = max{0,aK (t&1)%u D, (t& 1)}, (13)

where & isphysicd capita depreciation, 1 a coefficient equd to one for B; < 0, and equa to |, for
D, > 0. The credit parameter |, is greater than, or equd to, one. If |, is gregter than one, firm i takes
credit if its overal investment |;(t) at timet exceeds the sum of the amortization and profit at (t — 1).°

| proposeto incorporate more explicitly the process of credit-taking and itsfuture repayment. Inthe
SV-invesment dtrategy, it is assumed that every year afirm spares a fraction of its current profit for
investment in future development. If, a any time, required investment exceeds current savings, then the

5 Nelson and Winter (1982) say nothing about the method of taking credit and itsfuturerepayment. It would
seem that afirm takes credit from banks if required investment exceeds its current profit, without an eye to future
repayment.
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firm debt increases but is repaid within an assumed period. Saving and debt increase every year at the
interest rate f,. If it is assumed that credit ought to be repaid within |4 years on average, then the
compensation (the debt repayment) in the next year is equd to

DR(t) " D;(t&1)/W,. (14)

The investment cgpability of firmi a time t depends on current savings SV, and current compensation
DR, and isequa to (the meaning of parameters & and 1 remains asin equation (13))

IC.(t) ~ maxq{0,aK (t&1)%u(SV,(t&1) & DR (1)} (15)

It may happen that the required investment of firm i exceeds the firm’ sown funds (equa tothesum
of amortization &K (t — 1) and current savings (SV, —DR)). If thisisthe case, and [ is grester than one,
the firm accepts credit to finance theinvestment. Let usdenote by | Cr; the investment financed by credit
and by 1S the investment financed by the firm’s own savings (that is, the capita depreciation funds
aK;(t — 1) excluded). To smplify the caculation, the structure of the debt is not consdered so it is
assumed, asafirst gpproximation, that the debt at timet is characterized by itstotd vaue, and is equa

to

D,(t) ™ (D;(t&1)&DR (t))(1%H,)%ICr, (1), (16)

The debt is diminished by current repayment and increases according to the interest rate (the first
term), and is enlarged by current investment financed by credit, 1Cr;. Each year the firm spares a
fraction of its current profit for savings. It is assumed that the fraction of profit dlocated to savings
depends on the relation between current savings and the firm’ s capitd ; the greater the savings, the lower
the proportion of actua profit (if positive) which isset asdefor savings. A parameter ToSave controls
the fraction of profit for savings. To determine the amount of money passed for saving SP; we usethe
following formula (the expresson exp({) is afraction of pogtive profit spent for saving):

SV, (t&1)
ToSave K, (t& 1))'

SP.(t) " max{0, b, (t)} e<p( & (17)

Savings a timet are reduced by current obligations rel ated to repayment of debt DR, multiplied by
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the interest rate i, reduced by the investment financed from the firm’'s own resources | S, and raised

by current savings from profit, so the saving is equd to

SVi(t) ™ (SV;(1&1)&DR (1)(1%)&1S (1) % P (1). (18)

FIRMS ENTRY

In each period (t, t + 1) anumber of firmstry to enter the market. Each firm enters the market with
assumed capitd equd to InitCapital and with theinitid price of its products equd to the predicted
average price. Thelarger the concentration of theindustry, the greater the number of potentid entrants.

In generd, any firm may enter the market, but if afirm’s characteritics are unsatisfectory, thenit is
quickly iminated from the market. Because of the limited capacity of computer memory athreshold
for potentia entrantsis assumed; to control the number of entering firmsit is assumed that afirm enters
the market if the estimated vaue of objective O, of that firm is greater than an estimated averagevaue
of the objective O, for theindustry.® By making this assumption, a more competitive environment is
provided for dl firms—for operating firms and for entrants.

As aresult of competition the market shares of firms with competitiveness smaller than average
decrease, and the shares of firms with competitiveness greater than average increase. A firmisdriven
from the market if it does not keep pace with competitors. To limit the number of very smal firms; it
isdso assumed that afirmisdiminated if itsmarket shareissmdler than some assumed minimum share,

for example, 0.1%."
COMPETITION OF PRODUCTSIN THE MARKET
All products manufactured by the entrants and the firms exigting in the previous period are put on the

market and evauated. After that, dl decisons are left to buyers; these decisons primarily depend on
the relaive vaue of competitiveness of al products offered, but quantities of products of each firm

® It may be expected that asimilar threshold existsin real industrial processes.
"It is possible to add other criteria for withdrawing a firm, for example, bankruptcy, if the firm’s current debt
exceeds an assumed fraction of the firm’s current capital.
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offered for sdle are dso taken into account.

It is assumed that the globa demand Q(t) for products on the market is equa to an amount of
money —M(t) —which the market isinclined to spend on products offered for sde by the firmsdivided
by the average price, p(t), of the products offered; see equations (4) and (5) defining the demand
function, where ingtead of p%(t) it is necessary to put p(t). The only difference is that, in the
decison-making process, firms use their estimated vaues of the average price, as aresult of their
expectations of the future market and behaviour of competitors, and here the average price in the
demand function is counted using the whole pool of products offered for sale. Therefore, the average
price of productsis

Q°(t)
t) " " p(t) =—=- (19)
p(t) i P (1) 00
The supply isequd to
Qs(t) " . Q(t). (20)

Globa production sold is equal to the smaler vaue of the demand QF(t) and the supply Q(t),
QS(t) ™ min{Q “(t), Q(t)}. (21)

The generd selection eguations of a firm’'s competition in a market have the following form (for

comment see aso footnote 3 on page 6),

¢ (t)
f(t) " fi(t&l)m1 (22)

where c(t) is the average competitiveness of products offered for sde,

ct) = = f,(t&1)c(t). (23)

Thismeansthat theshare (f;) of firmi in globa output increasesif the competitiveness of itsproducts
is greater than the average of al products present on the market, and decreases if the competitiveness
is less than the average. The rate of change is proportional to the difference between the

competitiveness of products of firm i and average competitiveness.
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The quantity of products potentidly sold by firm i (the demand) is equal to
Q(t) = QS(Hf(). (24)

The above equations are valid if the production offered by the firms exactly fits the demand of the
market. Thisisavery rare Stuation, and therefore these equations have to be adjusted for discrepancy
between globa demand and global production, and discrepancy between the demand for products of
aspecific firm and the production offered by thisfirm. Equation (24) describes the market demand for
products of firm i offered at a price p;(t) and with competitiveness ¢;(t). In generd, ared production
(supply) of firm i is different from the specific demand for its products. The redization of the demand
for products of firm i does not depend only on these two vaues of demand, Q¢(t), and supply, Q(t),
but on the whole pool of products offered for sde. The dignment of the supply and demand of
production of al firms present is an adaptive process performed in a highly iterative and interactive
mode between sdlers and buyers. In our modd, we smulate the iterative dignment of supply and
demand in atwo-stage process in which a part of the demand is fulfilled in the first sage, and the rest
is, if possble, fulfilled inthe second, succeeding, stage of thedignment. If thereisno globa oversupply,
theninthefirs stage al demand for production of specific firms, wherever possible, isfulfilled, but there
isdtill the shortfdl in production of firmswhich underestimated the demandsfor their products. Thispart
of the demand is fulfilled in the second stage. At this stage, the products of the firms which produce
more than the specific demand are sold to replace the shortfall in production by firms which
underestimated the demand for their products.

The supply—demand dignment process is dightly different if the globa oversupply of production
occurs. It seems reasonable to assume that, in such a case, the production of each firm sold on the
market is divided into (1) the production bought as the outcome of the competitive process (as
described by equations (22) and (24)), and (2) the production bought as the outcome of the
non-competitive process (let us call it the cooperative process). In principle, this part of production
does not depend on product competitiveness, but depends primarily on the volume of production
offered for sde; random factors play amuch more important role in the choice of relevant productsto
be purchased. In generd, the division of the production of each firm into these two parts depends on
the value of the globa oversupply. The higher the oversupply, the larger is the part of the production
of each firm which is sold on the basis of the non-competitive preferences.
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To evauate the shares of these two parts of production we congtruct the coefficient w,which
depends on the globa demand and the globd supply, namely

d
Q (t)}_ -

w " m'n{l :

Q1)
The coefficient w divides the behaviour of the modd into two regimes. w isequd to oneif thedemand
exceedsthe supply, and issmaller than onefor the oversupplied market. If thereisno globa oversupply
(that is,w = 1), then, as has been said, the products of the firmswhich produce more than the demand
are sold instead of the potential production of the firms which produce less than the demand (this is
done in the second stage of the supply—demand aignment process, see below). If there is a globa
oversupply, then maximum w 100% of the demand is supplied by the production of each firm in the
firgt, competitive stage of the dignment process, and the rest (1 —w)100% of the demand is supplied
in the second, cooperative stage (if such production is available).

Usudly the globa oversupply, if such occurs, issmadl, so themgor part of production is distributed
under the influence of the competitive mechaniams and only a small part is distributed as a result of
cooperative distribution. But to understand the necessity of distinguishing the two proposed stages of
the sdlling-buying process, let us consder the following, dbeit artificid, Stuation: except for one firm,
the production of dl other firmsexactly meetsthe demand for their products. Theatypicd firm produces
muchmore than is demanded. The question is what isthe result of the market sdlling—buying process?
It may be assumed that the production sold by al firmsisexactly equa to the specific demandsfor their
products, which is equivaent to the assumption that the volume of overproduction 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 atypica firm isinfinite and the rest of the firms continue to produce exactly what
is demanded. Does it 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 that a more adequate
description requires theincorporation of the assumption that the future distribution of products sold on
the market depends on the level of overproduction of dl firms, and particularly the leve of
overproductionof theatypica firm. It seemsthat, in the case of the overproduction of onefirm, itsshare
in globa production sold will increase at the expense of dl firms producing exactly whet isdemanded.
In the extreme case, when overproduction of the atypicd firm tendsto infinity (i.e. the coefficient w is
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approaching zero), the only products sold on the market belong to that firm, and the sharesof al other
firms are going to be zero. But it does not mean that producing more than is demanded is an
advantageous drategy for thefirm and that it is an effective wegpon to diminate the competitors; in fact,
the bulk of the overproduction is not sold on the market and is lost by the firm. In effect, the atypica
firm's profit is much smaller than expected, or even may be negative; after some time the firm's
development will be stopped and in the end it will be eiminated from the market.

The incorporation of coefficient w also permits the entry of new competitors into the market.
Without the assumption of thetwo-stage distribution in the supply—demand aignment process, the entry
of anew firm might be very difficult, and it would be necessary to add a specia procedure to alow
entry in the case of globa oversupply. In such a case, when dl firms' production meets the demands
for their products, there would be no place for new entrants. The competition process, as described
by the sdlection equation (22), cannot be initiated because of the zero value of the share of the entrant
at the previous ingant, f;(t — 1). The assumption that the (1 — w) fraction of the globa demand is
fulfilledin the cooperative stage of the dignment process enablesthe entry of new firms. Smilarly, entry
ispossbleif thereisno globa oversupply (that is,w = 1). In such acase, thereis a place on the market
for the new entrant and, in generd, dl its production is sold.

It isassumed that, at the competitive stage of the supply—demand aignment process, the demand
ispartidly fulfilled by production OS>,

Qacomp(t) - mn{le(t),WQld(t)} " mn{Q|S(t)’WQS(t)f|(t)}’
C_(t)} (26)

Qscomp(t) - m'n{Qis(t)’WQS(t) fi(t&l)ﬁ

The remaining (1 —w) fraction of the demand may befulfilled in the cooperetive sageif thereissuch
production available, that is, if Q5(t) > wQ¥(t). It is assumed that this fraction of the demand isfulfilled
in the cooperative stage according to the distribution of unsold productsin the competitive stage. After
completion of the competitive stage of the supply—demand aignment process, the globa production
soldisequd to

Qscomp(t) - 3 Qslcomp(t) . 3§ rn'n{Qis(t),WQid(t)}' (27)
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So, the unfulfilled globa production after the first stage, to be supplied in the second cooperative
dege of the dignment, is

QS P(t) " QS(t)& QS™™(t). (29)
The unsold production QN;(t) of firm i isequd to

QN (1) * minf0, Q(t)&wQ (1)} (29)

The fraction of unsold products of firm i in the globa production unsold in the first stage of the
dignment processisequd to

oo . Q) minf0, Q(1)awQ ()

C 3 NO 5 minfo, Q°mawg 1) (30)

B
J

It is assumed that the fulfilment of the demand for products of firm i in the cooperative stage is
proportiond to the fraction f{°®, so

QS™(t) T QSN P * (QS()&QSP())f ™. (31)
Hndly, the production sold isthe sum of production accepted in the competitive and the cooperative
Stages,

QS (1) " Q5™ (1)%QS™"(1),
) (32)
QS (t) ™ min{Q (), wQ" (t)}% (QS(t) & Q™ (1)), .

The general meaning of the supply—demand aignment process as described above pardldsthat of
equations (22), (23), (24). If supply exactly meets market demand (that is, if Q%(t) = Q°(t) ad
Q3(t) = Q¥(t) for dll i), equations from (25) to (32) are equivaent to equations (22) to (24).

The market share of the production sold of firm i is

Qs ().
S0

fi(t) ~ (33)
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Thered income and profit of firm i are asfollows:

A T QS (1) (R (D&VV(Q(1)&C), (34)

P, " A&K. (t)(fi% &)&D, (t)/1 . (35

Ki(t) inequations (34) and (35) isthe vadue of capitd dlocated by firmi to produce Q;(t), so profits
are amdler than expected if the firm ingppropriately evauates the required level of production and
manufactures more than it can sdll in the market.

Effective capita of the firm is expressed as

Ki(t) " QS(t)/A, (36)

and globa sdesare equal to

GS(t) " * QS(t)p(t). (37)

The market share of firm i in globd sdesis

fs () = Q|(1) p(1)/GS(1). (38)

l1. Innovation and Economic Development.

The essence of cultura development in generd, and socio-economic evolution in particular, liesin the
cregtive process of human beings. Thered tissue of crestive processesisamost impossibleto observe,
with collection of relevant quantitetive data on innovation processes mostly confined to such data as

number of researchers, R&D funds, number of patents, and so on. Estimation of some essentid

8 There arises the question of what isto be done with the excess production. It is assumed that this part of the
production is lost. It is possible to incorporate the backlogs into the model, but this leads to much greater
complexity. The production may be modernized due to innovations applied, so it would be necessary to remember
the quantities of orders and unsold production at different moments, together with the technical characteristics. It
seemsthat our assumption on excess production does not lead to large errors, bearing in mind that (1) themodel is
focused onlong-termindustry development, (2) yearly overproductionisnormally not very high, and (3) to consider
backlogs and delivery delays it would be necessary to take into account also all related costs, for example, the
storing of the unsold production.
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parameters and characteristics (for example, the probability of the emergence of innovation within an
assumed period of time) on the bas's of such aggregate datais dmost impossible. The most important,
and mogt interesting, phenomenaof crestive/cognitive processes occur inthe minds of researchers, and
these kinds of processes are, in generd, out of reach of any observation. The only way to ded with the
cregtive process and dare to describe it in a more or less formal way is to make some arbitrary
assumptions, incorporate them into the economic modd and observe wether the development of the
modd resemblesthe development of thereal process. In some sensg, it isacombination of quantitative
moddling (based on hard economic data) and qualitative modelling (based on heuritics, analogiesand
metaphors). Thiskind of approach is proposed in this section, where the extension of the basic modedl
withinnovative processes embedded is presented. Thispropositionistreated asthefirst gpproximation,
being the subject of further development (* tepwise concretization’).

The crestive process is evolutionary by nature, and as such its description ought to be based on a
proper understanding of hereditary information. According to the tradition established by JA.
Schumpeter, and S. Winter and R. Nelson, we use the term ‘routing for the basic unit of hereditary
information of afirm. The set of routines gpplied by thefirmisone of the basic characteristicsdescribing
the firm, and each firm searches for new routines and new combinations of routines.

Each firm tends to improve its Stuation within the industry and the market by introducing new
combinations of routinesin order to minimize the unit cost of production, maximize the productivity of
cgpita, and maximize the competitiveness of its products in the market. The search activities of firms
‘involve the manipulation and recombination of the actud technological and organizationd ideas and
skills associated with a particular economic context’ (Winter, 1984), while market decisons depend
on product characteristics and prices. We may speak of the existence of two spaces. the space of
routines and the space of product characteristics.'® Distinguishing these two Spaces enables us to

9 Nelson and Winter (1982, p. 14) defineroutines as ‘ regular and predictable behavioral patterns of firms
and include in this term such characteristics of firms 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 devel opment, advertising, business strategies about product diversification and overseas
investment’. A large part of research activity is also governed by routines. ‘ Routines govern choices as well as
describe methods, and reflect the facts of management practice and organizational sociology as well as those of
technology’ (Winter, 1984).

10 A space of routines and a space of characteristics play in our model an analogous role to a space of
genotypes and a space of phenotypesin biology. The existence of these two types of spacesisageneral property
of evolutionary processes (Kwashickaand Kwasnicki, 1986). Probably the search spaces (that is, spaces of routines
and spaces of genotypes) are discrete spacesin contrast to the eval uation spaces (that is, space of characteristics
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separate firm decisions from market decisons. Asin thebasic modd, discretetimefor example, ayear
or aquarter is assumed, and decisons relaing to investment, production, research funds, and so on,
are taken smultaneoudy and independently by al firms at the beginning of each period. After the
decisons are made, firms undertake production and put products on the market. The products are
evauated by the market, and the quantities of different firms' products sold depend on relative prices,
the relative value of product characteristics, and the level of saturation of the market. Because of
imbaances of global supply and demand, as well as ‘loca’ imbaances of demand and supply of
products of aspecific firm, it may happen that the products eva uated as the best are not sold in the fulll
quantity offered, and, conversaly, the inferior products are frequently sold in spite of the possibility of
sling the better ones. But during long periods the preference for better products, that is, those with a
lower price and better characterigtics, prevails.

Inthe modd presented below, each firm may smultaneoudy produce products with different prices
and different vaues of the characteridtics, that is, the firm may be amulti-unit operation. Different units
of the same firm manufacture products by employing different sets of routines. Multi-unit firms exist
because of the searching activity. New technicd or organizational solutions (that is, a new set of
routines) may be much better than the current ones, but full modernization of productionisnot possible
because of invesment congraints. In such stuations, the firm continues production employing the old
routines, and tries to open anew unit, producing, on alesser scae, employing the new set of routines.
Subsequently, the ‘old’ production may be reduced and after some time superseded by the ‘new’
production.

In the modd, asmulation of industry development is made in discrete time in four steps:

1. Searchfor the new setsof routineswhich potentialy may replacethe‘old’ set currently employed.
2. Cdculate and compare theinvestment, production, net income, profit and other characteristics of
development, which may be obtained by employing the ‘old” and the ‘new’ sets of routines.
Decisons of each firm on: (a) continuation of production by employing old routines or making

and space of phenotypes) which are continuous spaces. The dimension of the space of routines (space of
genotypes) is much greater than the dimension of the space of characteristics (space of phenotypes). As some
simulation experimentsreveal, big differencesinthedimensionsof thetwo spacesplay animportant roleinlong-term
evolution and enabl e escape from so-called evolutionary traps.
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modernization of production, and (b) opening (or not) of new units.

3. Entry of new firms

4. Market evauation of the offered pool of products. Cdculation of firms' characteristics: production
sold, sharesin globa production and globa sdes, totd profits, profit rates, research funds, and

SO ON.

Apart from the first gtep, the three others are dmost exactly the same as in the basic modd
described in the previous section. The only difference isthat the productivity of capitd A, the unit cost
of production V, and technical competitivenessq are now the functions of routines gpplied by each firm,
and may vary according to discovered inventions and introduced innovations. Because of innovation
and new technologies introduced by firms, the modernization investment is aso taken into account in
the decision-making process (that is, besides the expansonary investment related to the growth of
production, we have the modernization of investment related to adjugting the ‘old’” capitd to ‘new’
technology).

SEARCH PROCESS

We assume thet a timet afirmis characterized by a set of routines. There are two types of routines.
active, that is, routinesemployed by thefirminitseveryday practice, andlatent, thet is, routineswhich
are available to the firm but not actualy applied. Latent routines may be included in the active set of
routines at afuturetime. The set of routinesisdivided into separate subsets, called segments, consisting
of amilar routines employed by the firm in different domains of the firm's activity. Examples are
segments relaing to productive activity, manageria and organizationd activity, marketing, and so on.
In each segment, either active or latent routines may exist. The set of routines employed by afirm may
aso evolve. There are four basic mechanisms for generating new sets of routines, namely: mutation,
recombination, transition and transposition.

The probability of discovering anew routine (mutation) depends on the research funds allocated by
the firm for autonomous research or in-house development. The firm may aso dlocate some fundsfor
gaining knowledge of other competing firmsand try to imitate (recombination) some routinesemployed
by competitors. It is assumed that recombination may occur only between segments, not between



Innovation regimes, entry and market structure 21

individua routines, so thet, afirm may gain knowledge about the whole domain of activity of ancther
firm, for example, by licenang. A dngle routine may be transmitted (trangition) with some probability
from firm to firm. It is assumed that after trangition aroutine belongs to a subset of latent routines. At
any time arandom trangposition of alatent routine to a subset of active routines may occur. A more
detailed description of the four basic mechanisms of evolution of routinesis presented in the following
sections.

Resear ch Funds

It isassumed that R& D funds (R) dlocated by a firm into research (innovation and imitation) are a
function of actud capitd (K;) of the firm:

R " (hyexp(&h,K,)%h,)K;. (39)

Research funds are proportiond to a firm's capitd if h, and h, are equa to zero. If h; and h, are
greater than zero, smdl firms alocate a greater percentage of their capita into research and aloca
maximum of R&D funds will gppear near K; = 1/h;. Totd R&D funds are partitioned into funds (R}")
for innovation (mutation) and funds (R}) for imitation (recombination). The strategy of research of firm
i inyear tisdescribed by the coefficient (g;) of partition of the total R& D expenditure into innovation
and imitation:

R™ " gR, R'"(1& g)R. (40)

The drategy of research changes fromyear to year and depends on the actual State of affairsof afirm.
It is assumed that the share of research oninnovation increasesif the firm’'ssharein globa production
isincreasing (if the assumed position of thefirm againgt abackground of other competing firmsisgood).
If thefirm’ s share decreases, more funds are dlocated to imitation, so that, the firm supposesthat there
are other firms gpplying better technology and it isbetter and safer to search for thesetechnologies. The
rate of change of coefficient g; depends on the Sze of afirm, and it is smdler, the larger isthe firm,

(s hanie)
g (t%1) (“’K. F(t&1) )git)’

(41)
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where g; (t) isthe coefficient of R&D funds partition at timet, G is the congtant parameter controlling
therate of change of g;, and f; (t) isthe share of firm i in globd production at timet.

During any year of searching activity, more than one set of new routines r’ may be found. The
number of such dterndive sets of routines, the so-caled number of experiments, is a function of

research funds,

NoExp. " round(e(R)*)% E,, (42)

where NoEXxp isthe number of experimentsof firmi, e, @, and E, are coefficientswith the samevaues
for dl firms R is the R&D expenditure of firm i, and round (x) is a function producing the closest
integer number to X.

M utation

It is assumed that routines mutate independently of one another. Since the range of the routines is
bounded, al possble routines are enumerated and it is assumed thet the range is from MinRut to
MaxRut. Letr,, denote thel-th routine in thek-th segment employed by afirmin period (t -1, t). After

mutetion routine r

1. isnot changed, that is, rjy = ry, with probahility (1—PrMut), or
2. ischanged andisequd to

(=

r.Ik r|k% X; XO(—MaXMUt, MaXMUt),

with probability PrMut/(2MaxMut) for every X. The probability of mutation of aroutine depends on
R& D funds dlocated by firm i to search for innovations,

PrMut, = a™(R™)®% b™, (43)
where a™, aeare coefficients controlling probability of mutation, and b™ isthe probability of mutation

related to the public knowledge. The maximum scope of the search dependsa so on the funds allocated

to autonomous research, and it is assumed that,
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MaxMut, = a“(R™)" % b", (44)

where a", h are coefficients controlling the scope of mutation, and b is the scope of mutation related
to public knowledge.

Recombination

A firm i may get knowledge about the routines of a single segment of afirm j with probability PrRec.
At the sametime, firm i may get knowledge employed by different firms, so new sets of routines may
consst of routines of different firms. In the modd, firm 1 may apply one of three drategies of

recombination:

1. conditiona probability of recombination of segment k of firm-unit i with segment k of firm-unit j
is proportiond to the share of firm-unit j in globd production;

2. conditiona probability of recombination of segment k of firm-unit i with segment k of firm-unit |
is proportiond to the rate of expangion of firm-unit j, that is, is proportiona to the derivative of
the share of firm-unit j;

3. conditiona probability of recombination of segment k of firm-unit i with ssgment k of firm-unit |
is reciprocd to the number of firms exigting in the market, that is, is equa for each firm-unit j.

The probaility of recombination of a segment isafunction of R&D funds dlocated to imitation:

PrRec. " a"(R') % b", (45)

where a', T are coefficients controlling probability of recombination, b" is the probability of
recombination related to the public knowledge.

Transition, Transposition and Recrudescence

It is assumed that the probabilities of trangtion of a routine from one firm to another, and the
probabilities of transpodtion of aroutine from alatent to an active routine, are independent of R& D
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funds, and have the same congtant value for dl routines. In generd, the probability of transpogtion of
aroutine for any firmisrather andl. But randomly, from timeto time, the value of this probability may
abruptly increase, and very active processes of search for anew combination of routines are observed.
This phenomenon is called recrudescence. Recrudescence is viewed as an intringc ability of afirm's
research staff to search for origind, radicad innovations by employing some daring, sometimes
gpparently insane, ideas. This ability is connected mainly with the persondities of the researchers, and
random factors play an essentia rolein the search for innovations by recrudescence, so the probability
of recrudescenceis not related to R& D funds alocated by afirmto ‘norma’ research.

It isassumed that recrudescence is more probable in smal firms than in large ones, which spend
huge quantities on R&D, athough by assuming that u, is equd to zero in the equation below, the
probability of recrudescence does not depend on the firm’s size and is congtant (equa to u,). The

probability of recrudescencein firm i isequa to,

PrRence " u,exp(&u,K;). (46)

Asarule, mutation, recombination and trangposition on anormd leve (that is, with low probabilities
in long periods) are respongble for smal improvements, and in short periods of recrudescencefor the

emergence of radica innovations.

DIFFERENTIATION AND COMPETITION OF PRODUCTS

Productivity of capital, variable cost of production and product characteristics are the functions of
routines employed by a firm. Each routine has multiple, pleiotropic effects, that may affect many
characteristics of products, aswell as productivity, and the variable cost of production. We assumethat
the transformation of the set of routines into the set of product characteristics is described by m
functions F,

z, " Fy(r), d=123.,m, (47)

where z; is the value of d characterigtic, m the number of product characteristics, and r the set of
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routines.

Attractiveness of the product on the market depends on the va ues of the product characteristicsand
its price. In the former section, product competitiveness (see equation (1)) is a function of congtant
technical competitiveness and varying product price. In the presence of innovation, technica
competitiveness varies according to the modification of routines made by each firm, or because of
introducing essentidly new routines. Technical competitiveness is an explicit function of product
characterigtic. Aswe have said, each routine does not influence directly the product’ s performance, but
does so indirectly through the influences of its characteristics. We assume the existence of a function
g enabling ca culation of technica competitiveness of products manufactured by different firms. We say
that function q describes the adaptive landscape in the space of product characterigtics. In generd, this
function depends a so on some externd factors, variesintime, and isthe result of co-evolution of many
related industries. We say that the shape of the adaptive landscape is dynamic, with many adaptive
pesks of varying dtitudes. In the course of time some adaptive peaks lose their relevant importance,
while some become higher.

Similar to equation (1), the competitiveness of products with characteristics z and price p is equa

to

c(p.2) " % 2% (@ % Zen Z), (48)

where q(2) is the technical competitiveness, z avector of product characteristics, and a the dadticity
of price in the competitiveness.

Due to the ongoing search process, a any moment each firm may find anumber of dternetive ssts
of routines. Let us denote by r the sat of routines actudly applied by afirm, and by r* andternative st
of routines. Each firm evaluates dl potentia sets of routinesr” aswell astheold routinesr by applying
the decision-making procedure presented in the previous section. The only differenceisthat vaues of
productivity of capital A, the unit cost of production V, and technical competitivenessg, are not constant
but are modified according to an actualy considered set of routines, eitherr or r”. For each dternative
set of routines the price, production, investment (including the modernization investment), and va ue of
objective function are cdculated. The decison of firm i on making modernization (replacing the r
routines by r* routines) depends on the expected vaue of the firm's objective and its investment
capabilities. Modernization is made if the maximum vaue of the objective distinguished from al
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considered dternative sets of routinesr” is greater than the value of the objective possible by continuing
the actudly gpplied routinesr, and if the investment cgpakiility of the firm permits such modernization.
If the investment cgpability does not dlow us to make modernization, then the firm:

1. continues production employing the ‘old’ routinesr, and
2. triesto open anew small unit where routines r* are employed; production is started with an

assumed vaue of the capitd, InitCapital.

It is assumed that the productivity function A(r), and the cost functions V(r) and v(Q) are not firm
gpecific and have the same function form for dl firms.

To modernize production it is necessary to incur an extrainvestment. The modernization investment
depends on the discrepancy between the ‘old’ routines r and the ‘new’ routines r*. For smplicity of
caculation, it isassumed that the modernization investment IM is a non-decreasing function of distance

between the old routines r actudly applied by afirm and the new s&t of routinesr”.
IM(t) = K(t)2r&r €2, (49)
where 2..2 isthe distance function.

Researchisfinanced from the current firm’ sincome, so the revant equations (34) and (35) for the

firm's profit B, and income A ought to be modified. Thus:
A T QS(D(P(D&V(NV(Q(1)&S), (50)
B,

" A&K (1)(%&)&D;(t)/p &R (1), (51)

where @ is the current production of firm i, QS the production of firm i sold on the market, p; the
product price, V(r) the unit cost of production when routinesr are applied, K; the capita, D; the debt
of firmi, and R the ressarch funds of firm i.1!

1 our model does not include explicitly the notion of labour, considered in economic analysis as the
classical factor of production. Such important economic characteristics aslabour and wages ought to be presentin
any model, and are present in our model, although indirectly, inthe cost functions\(r) andv(Q). At thecurrent stage
of themodel’ sdevelopment itisnot necessary to disaggregatethe cost functions, although the possibility still exists
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It isakind of tradition that, if economists spesk of technologica progress and innovetion, they
disinguishtwo kinds of innovation, namely product and processinnovation. Thediscrimination of such
types of innovation is not relevant to our gpproach. Our interest is focused on innovation which
influences some operationdly-defined economic variables, such as cost of production, productivity of
capital or technical product performance. But, athough in hidden form, process and product innovation
are present in our model — we may say that innovation focused on the reduction of the cost of
production, and to adegree on productivity of capita, isrelated to processinnovation, and innovation
aming at better technica performance of productsis related mainly to the product innovation.

I11. Innovation regimes.

Three basic kinds of innovation are cgptured by our mode, namely innovationsleading to: (1) reduction
of theunit cost of production, (2) advancement of the product’ stechnica performance, and (3) increase
in the productivity of capita. In genera, any rea innovation causes changes in dl three features of
technologica development. We are able to control the type of innovations, for example, wecan alow
the emergence of innovations which cause changes in only one area, and to keep the other two fixed.
Therefore, we may speak about three basic modes of technological development cdled ‘regimes : the
cost regime, the technica performance regime, and the capital productivity regime. In this section, the
influence of these different types of innovation on the development of the industry will be investigated,
particularly on industry concentration and on product price distribution. To makethe results comparable
it isassumed that there are no new entrants and the competition process is confined to the initia 12
firms Theinitid conditions of the Smulation are st in such away thet in dl the experiments presented,
the innovation process is a gradua one, that is, recrudescence is not present and no fulguration is
observed.

The results of this series of experiments are summed up in Table 1. In Figure 3 the devel opment of
the variable cost of production, the technical competitiveness and the productivity of capita in these

three regimes for a‘normd’ rate of innovation emergence are presented.

toisolate labour and wages and build them explicitly into the model. Thiswill be donein the future devel opment of
the model as anatural process of the model’ s stepwise concretization.
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In the smulation runs, with the reduction of unit cost of production as the only target of innovation
activity (technical competitiveness and productivity of capital being congtant), two modes of
development are distinguished, related to the rate of cost reduction: in the first run, labeled ‘normd’,
the average annud rate of unit cost reduction is about 0.6%, and in the second run, labelled ‘fast’, the
cost reduction is about 3.5% annudly.

Reduction of the cost of production also leadsto areductionin price, but therate of price reduction
ismuch smdler than the rate of cost reduction. In the case of the normd rate of cost reduction, price
decreases only 0.25% annualy (see Figure 4(a)). At the end of the smulation the price margin is
sgnificantly higher than at the beginning (the price/cod ratio isequa to 1.7 a the end of the smulation,
compared to 1.3 a the beginning); and in the case of the fast rate of cost reduction (3.5% annudly),
the price is reduced only dightly more than 1.5% annudly, and the price margin at the end of the
smulation is 3.2.

A reduction of the cost of production narrows the possibilitiesfor ‘ obsolete’ firmsto apply relevant
strategies to keep the pace forced by the leaders. The possbility of making obsolete products more
competitive through price reduction is very limited, o the non-innovators and firms unable to imitate
the innovation and reducethe costs of production within ardatively short period, are quickly diminated
fromthe market. The number of Herfindahl firms' in thisexperiment isreduced fromtheinitid 12 tofour
a the end of the smulation (average vdue of n, isequd to 7.14 firms). Heavy cost reduction rate, as
in the fast mode, leads to much quicker dimination of ‘ obsolete’ competitors from the market. At the
end of the smulation run, the Herfindahl firms number equivadent isequa to 1.06 (thereisonebig firm
and two very small competitors — the average ny, number equivalent isegua to 2.33 in thisrun).

Because of the strong tendency towards high industry concentration and the very limited possibility
for the ‘ obsolete’ firmsto choose ardevant price Srategy, price diversity in the cost regimeisnot very
high—the average andard deviation isequd to 1.68% in thefirst experiment and 2.46% in the second
one (Table 1 and Figure 4(a)).

In contrast to the Stuation in the cost regime, the possibilities of choosing ardevant price policy to
keep the position on the market are much wider in the case of innovations leading to an improvement
of the product’ stechnica performance. Reduction of the price compensatesfor the temporal technica
backwardness of the product and allows the overall competitiveness of obsolete products to be kept
amog a the same level as the advanced ones. This prolongs the period for followers to imitate the
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technology leader. Inthetechnical regime, two modes of development aredso tested: normd (withthe
average annud rate of technica competitiveness about 0.7%), and fast (with the annua growth of
technica competitiveness equd to 3.2%). The price policy of technologica leaders in the technical
performance regime helps their followers to maintain the pace of technological progress. The leaders
increase price dightly to attain ahigher profit —they choosethe strategy of balanced pricerising, togain
higher profit, and concurrently to keep the overdl competitiveness of their products at ardatively high
levd. So in the technical regime two opposite tendencies concerning price policy are observed — a
reductionof the price by followers (to raise their product competitiveness and to keep their placein the
market), and anincreasein price by the leaders (to gain higher profit from their temporary ‘monopoly
position’). This leadsto amuch higher diversity of pricein these two innovation regimes— comparethe
two diagramsin Figure 4(a) and (b). The average standard deviation of pricein the run with the normal
rate of growth of technical competitivenessis 3.44%, dightly more than twice the rdevant vdueinthe
first experiment in the cost regime, and over 27% for the fast rate of technica competitiveness. Price
fluctuationsin the first phase of development (Figure 4(b)) are due to the above-mentioned interplay
of the two different price palicies. The steady growth of the average price in the second phase of
development (after t = 50) is due to higher concentration of the industry.

If the condiitions for pure competition are provided (for example, through alowing free entry of new
firms), price fluctuates around the equilibrium value, asit doesin the initid phase (up to t = 50) of the
smulation run presented in Figure 4(b). So it may be said that, in contrast to the steady trend of
diminishing price as observed in the cost regime, no such mode of price development is observed inthe
technica regime — many smulation runs confirm the finding that fluctuations of price around the
equilibrium vaue are atypicd pattern of development in thetechnica regime. Rapid technical progress
leads to much greater concentration of the industry —for ‘norma’ technica improvement the average
vaue of the Herfindahl firmnumber equivaent is8.9 firms, but for rgpid technica progressthis number
is2.39. The price diversty inthisrun isamos eight times greeter than isthe normd rate of change of
technical competitiveness (over 27%).

If we compare the modes of development in the cost regime and the technical regime, we see that
the cost reduction leads to rdatively high concentration in the industry, high price reduction and a
relatively small diverdty of price, while amost the opposite tendencies are observed in the technica

regime — smaler concentration, almost no price reduction (in the long-term perspective) and high
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diversity of price.

In contrast to the two discussed regimes, the capitd productivity regime may be cdled neutra: even
ahigh rate of productivity growth does not lead to large industry concentration. For ‘anorma’ rate of
productivity growth (0.6% annudly), the concentration of industry isthrough time amost the same (the
Herfindahl number equivaent in the whole period of smulationisvery closeto 12 —see Table 1), and
even ardativey high rate of productivity changeleadsonly to dightly greater concentration (for dmost
4% annud growth of the productivity of capitd the average Herfindahl number is 11.32, very closeto
theinitid 12 firms). The drategy of productivity improvement seemsto be arather ineffective weapon
to diminate competitors from the market, athough it provides comparably good economic effects; for
example, profit isamog the same asin the case of the technicd regime and even dightly larger than in
the case of the cost regime (see Table 1). But as was observed in numerous smulation runs, cost
reduction (especialy very rgpid) leadsto much higher concentration and enables usto gain larger profit
due to a (temporary) monopoly position.

The resultsof smulation runsof the productivity regime seem to befully consstent with the Satistical
andyss of economic growth made in the 1950s . From this point of view, our model and smulation
results may hint a explanations for the results, particularly for the results which are in conflict with the
neoclasscal view of growth —that the ratio of capital engaged to the volume of production is constant
during the analysed period. Thisview isaso supported by the results of smulation runswith aso-cdled
‘complex’ innovation regime, in which smulation conditions are created in such a way that routine
modifications influence concurrently the unit cost of production, the product’ s technical performance,
and the productivity of capita.

A number of smulation runsfor the‘complex’ regime were done and alarge spectrum of behaviour
was observed; the results of four of them are presented in Table 1. Random factors play an essentia
role in this regime; frequently an innovation generated at the beginning of the Smulation decides the
future path of development for the whole industry ( thisinnovation creates a chreod, in the terminology
of Waddington). Werardly observe harmonious devel opment |eading to moderate rates of improvement
of the productivity of capital (A), technica competitiveness (g), and reduction of the unit cost of
production (V), the main reason being that the probability of the emergence of innovation (which
enables smultaneous reduction of the cost of production), and increasesin thetechnical competitiveness
and productivity of capitd, is very smdl. The most typica Stuation is that of firms usang inventions
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enabling an advance of only one of these fegtures (either g, V or A), while the two other features are
improved in succeeding stages of development as a result of future research efforts leading to
improvements of that basic innovation. The most frequent mode of development is that of firms
accepting much more eagerly inventions leading to cost reduction, and/or to risng technica
competitiveness. The productivity of capital is frequently kept dmost a the same level. The results of
suchtypica stuationsare presented in Table 1 (the* complex’ regimelabeled normd (A)) andin Figure
5.

An average productivity of capital (equd to 0.11) isonly dightly greater than theinitia vaue (0.10),
but development of the productivity of capital isnot satic, and aswe seein Figure 5(c) it fluctuates. The
fluctuations of the productivity of capita, as well as the cost of production and technica
competitiveness, are due to the intertwined (pleiotropic) character of the impact of innovation on
industry development inthe complex regime. Intheinitiad phase of development, cost reduction and the
improvement of technica performance are observed (Figure 5(a) and (b)). At the end of the fourth
decade, an invention reducing significantly the cost of production is found. But while reduction of the
unit cost of production in that invention is coupled with a decrease in technical competitiveness
neverthelesstheinventionisaccepted purdly for economic reasons. Asit turned out, it was very difficult
to improvethetechnica performance starting from that formerly accepted innovation. Inthe second half
of the smulation period, the firms innovative efforts are concentrated on cost reduction and technical
competitiveness is kept dmost congtant. If we compare the results of the former (‘pure’) innovation
regimes with the results of the ‘complex’ regime, we see a much higher discrepancy between the
frontier of technologica development (as measured by the maximum of technical competitiveness, the
maximum productivity of capital, and the minimum of the unit cost of production) and the average
performance of the industry.

Andyss of the smulation results suggeststhat thereis no stable pattern of behaviour: random factors
play an essentid role and the behaviour of industry (such characteristics as profit/capitd rate, industry
concentrationand price diversity), depends strongly on aprevailing innovation regime. (If, dueto purely
random factors, R&D efforts result in the emergence of innovation reducing the unit cost, then we
observe higher industry concentration. But if, dueto random factors, thetechnica regime prevails, then
we may observe greater diversty of price and a smdler tendency towards higher industry
concentration.) Random factors influence not only the modes of development of some industry
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characterigtics, but aso play an essentid rolein the Structural development of the whole industry.
The smulation results for different innovative regimes have reveded an interesting property of
industry development related to the supply and demand balance. For the cost regime and for the
productivity regime, the supply-to-demand ratio fluctuates around the equilibrium vaue (see Figure 6()
and (b)), and the mode of the S/D ratio development does not depend on therate of change. From the
quditative point of view, the pictureisadmost the samefor low, moderate and high rates of innovation.
An average vaue of the S/D ratio for these two regimesis dways dightly above one (for example, for
the cost regime (fast) it is equa to 1.0014). A very smilar picture of development is seenfor low and
moderate (Iabelled normal) rates of growth of technica competitiveness (see Figure 6(c)); the average
vaue of D in the whole period of smulation is equd to 1.0003. But, for some reason, for fast
technical development, ingtability of supply and demand occurs. The vaue of the S/D ratio dropsbelow
one and is the smaller the faster the development; for the average annual rate of development equd to
1.5% the average vaue of the S/D is0.984, and for rather fast development (3.2%) the average vaue
of S/D ratiois0.927 —development of theratio inthiscaseis presented in Figure 6(d). To make supply
and demand more bal anced, an attempt has been made to change the firm’ sdecision strategiesin many
ways (for example, by making much stronger the relationship of the expected devel opment of pricewith
the current imbalance of supply and demand), and the results were dways very smilar —the average
vaue of the /D ratio is dways sgnificantly smaller than one. It seems that thefirmsact so asto leave
a ‘free place’ for newcomers, to make the entry of new firms easier. It turns out to be true — the
gtuation is Sgnificantly better if we alow the entry of new firms. The development of the /D ratio in
this caseispresented in Figure 6(e). Theaveragevaue of D inthisrunissgnificantly smaler (0.983).
The free entry of new competitors adso causes much quicker recovery from the deep imbalance and

quicker development of the industry towards the equilibrium.

V. Entry and the Industry Structure

As we have seen in the previous experiments, the acquiescence for firm entry greatly influences the
vaues of important characterigtics of industry development, such as profit, price structure, and supply
and the demand balance (Table 1 and Figure 6). It follows that opportunity of entry also greetly
influences the industry structure, especidly in the periods of radica innovation emergence. To
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investigate how industry structure is formed under the conditions of free entry, the following two
amulaionrunswith specificinitid conditionswere prepared. In both runs, in thefirgt phase of amulation
(up to t = 30) only incrementa innovations are introduced (they cause only moderate reductioninthe
cost of production, increasein technical competitiveness, and risein the productivity of capitd). Inthe
30th year the recrudescence mechanism of innovation generation is activated. In effect, radica
innovation emerges, followed by aquick and sgnificant reduction in the cost of production, arisein
technical competitiveness and arisein the productivity of capital within the whole industry. Conditions
of smulation in the two runs were prepared in such away that in both experiments, the changes of the
three characterigtics of industry development are very smilar, as presented in Figure 7.

It is true that the emergence of such radica innovation in rea industria processes is a very
improbable phenomenon, but to see more clearly the impact of innovation on the development of the
indugtry, such extremely radica innovation emergence was intentiondly forced. The only differencein
theinitid conditions crested in these two runsisthat, in the first run, no entry of new firmsis alowed,
while in the second run, free entry is dlowed.

Naturdly, the firgt differencein the industrid development of these two runs lies in the number of
firmsand firms units which is presented in Figure 8. If no entry is dlowed (the upper chart), al 12
initid firms are present in the market up to t = 65, but from that year more and more firms are
diminated from the market, so that by the end of the smulation, only two are present. Diversfication
of the industry structure due to the emergence of innovations is observed from the beginning of the
smulation, but in the first phase of development, when only incrementa innovations emerge, the
divergfication isrdaively smal and the concentration grows only gradudly (see n, —the Herfindahl
firms number equivalent in the upper chart). With the four-year delay, after the emergence of the
radica innovation, asgnificant divergfication of firms dzeis obsarved; no firm isdiminated, but some
of them have dgnificant shares of the market so concentration grows very quickly. The radica
innovationa so causes the emergence of multi-unit firms—as can be seen inthe upper chart fromt = 30,
more and more firms become multi-unit operations (there were up to 16 units present). Even at theend
of the smulation, when only two firms compete on the market, each firm hastwo units. The bulk of the
production is made in the modern units, but ill a smal fraction of production is based on obsolete
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technologies.*? The growth of the number of firmsin the free entry Smulation run is presented in the
bottom chart of Figure 8. In the first phase of development of the industry, new firms enter the market
only incidentaly. But following the emergence of radica innovation, firmsgrow very quickly in number,
up to the maximum of 32 firms. Concurrently, with the growth of the number of firms, asmilar increase
in the number of unitsis observed (there are a maximum of 41 units). At the end of the smulation 28
firms are present. Some of the initid firms adopt the new technology, open new units, and are present
up to the end of the smulation. But the mgjority of the origind firmsare diminated from the market, so
a the end of the smulation the number of unitsisvery close to the number of firms. Diversfication of
the indudtry in the first phase of development is very smilar to that in the run with no entry; snce the
emergence of the radicd innovation, asmilar tendency towards higher concentration isaso observed,
but because of the increasing number of successful entrants the concentration is never as high asinthe
former run —the minimum Herfindahl index in thisrunisequa to six firms. At about t = 40 the process
of concentration growth is stopped and, since that moment, a steady tendency towards pure
comptition is observed. At the end of the smulation the Herfindahl index of concentration isequd to
ten firms, that is, five times grester than in the run with no entry.

The shares of the eight largest firmsin both smulation runs, are presented in Figure 9, and give some
view on the development of the structure of industry. Aswas mentioned before (Figure 8, Table 2, and
footnote 12), a the end of amulation, the Herfindahl firm number equivaent in the run with no entry is
equal to two, and the two firmswhich survived are labelled 1 and 10 (see theleft-hand chart in Figure
9). What needs to be noted is that these two firms were not the biggest ones a the moment of
emergence of radical innovation; in fact both firms were steadily diminated from the market (see the
first phase of industry development in the left-hand chart of Figure 9).

The innovation was discovered by firm 1 and applied at t = 30; the fact that the radical innovation
was invented by smdl firms is due partly to our assumption that the probability of the emergence of
radica innovation isgrester for smal firms. Thereward for being thefirst innovator isgrester profit and

12The exact values at the end of the simulation are asfollows. For the largest firm (no. 10), the market sharein the
global production of the modern unit is 45.2% and the price of the product 5.67 (the overall competitiveness of the
modern production is 0.1222); in the ‘obsolete’ unit 6.3% of the global production is made, and the price of the
product ismuch lower —3.25 (but because of thelower pricethe overall competitivenessisonly slightly smaller than
the modern production, 0.115). For the second largest firm (no. 1) the relevant values are very similar, the market
share of themodern unit is 42.4% and the product price 5.7 (the overall competitivenessis0.1218); in the ‘ obsol ete’
unit 6.1% of the global production is made, and the product priceis 3.15 (the overall competitivenessis 0.114).
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the largest share of the market. The only firmwhich successfully adopted new technology and followed
the first innovator is firm 10; dl other firms, in spite of their relative advantages a the moment of
emergence of the radica innovation, are iminated. So at the end of the smulation, the industry
represents the case of classica duopoly.

The picture is radically different in the case of free entry. The first firm which gpplied the radical
innovation in this run is firm 5 (the right-hand chart in Figure 9). Other firms quickly adopted this
innovation, but asit turned out dl the ‘old’ firms are diminated from the market and their places are
captured by newcomers.®

Asaresult of stronger competition, the old firms are quickly iminated from the market, so within
the eight largest firms operating a the end of amulation thereis only one old firm (the founder of the
advanced technology, firm 5). The digtribution of firms shares at the end of the smulation is dmost
baanced, and the Herfindahl number equivalent is equa to 10.12 at the end of Smulation—see Table
2; the share of the largest firm in the last year is about 15%, five other firms have only dightly smaller
shares (from 9% to 14%), and late followers have shares of about 7%. But, because of small
improvements introduced by them, their shares grow significantly quicker than those of al other firms.
Up to the moment of the emergence of radical innovation, the supply and demand are dmost balanced
inboth smulation runs (see Figure 10). Emergence of theradica innovation aso causesarapid incresse
in technicd competitiveness. As has been shown in the previous section, with the smulation of the
technica performance regime, the quick growth of technical competitiveness causes alarge imbaance
of supply and demand (see Figure 6(d) and (€)). Thisimbalanceis aso observed in the two discussed
smulation runs &fter the emergence of the radical innovation. If no new competitors enter the market,
we observe akind of stabilization of the supply-demand imbaance at the level of 3% (the SD rdtiois
about 0.97 — see the upper chart of Figure 10), but if the entry of new firmsis allowed we observe a
tendency toward baancing supply and demand (bottom chart of Figure 10 after t = 40). The average
value of the §/D ratio after the emergence of radica innovation is95.9% in the no-entry run and 99.1%
inthefree-entry run. The possbility of free entry dso causes much smaler maxima imbaancejust after

B Thefirm labelled 10 at the end of the simulation, in theright-hand chart, is infact thenew firm, theold firmwith
the same label 10 was diminated from the market at t = 59, and its placeis occupied by anew firmwhich entered the
market at t = 68 —in fact, this new firm becomes the second largest firm with a share only slightly smaller than that
of the leader.
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the emergence of the radicd innovation. The minimum vaue of the S/D ratio is equa to 90% if no
competitors enter the market, and is equa to 96% if free entry is dlowed.

Free entry dso causes adifferent development of price and its tructure within the industry (Table
2). In both runs the price is only dightly reduced in the first phase of development, because of an
incrementa reduction of the unit cost of production (see both chartsin Figure 11). The emergence of
radica innovation causes Sgnificant reduction in the unit cost of production and, as might be expected,
this ought to result in the pardle significant reduction of the price. The process of price reduction occurs
inthefirst years after the emergence of radica innovation, but because of a higher concentration of the
indudtry, it is stopped in the run with no entry.

The tendency towards price reduction caused by cost reduction is neutraized by the reverse
tendency towards greater industry concentration. It is not the case in the smulation with free entry
dlowed, where the price is quickly reduced in the first period after the emergence of the radica
innovation and continues to be reduced (athough not so quickly) in the following decades because of
incrementd reduction in the unit cost of production and more competitive conditions on the market
(smdler concentration of the industry). Emergence of the radica innovation aso causes a sgnificant
increase in the diverdity of price. In the smulation with no entry, high diversity occurs just &fter the
emergence of the innovation and is kept dmost onthesameleve during thefollowing whole period up
to the end of the smulation (see left-hand chart of Figure 11). In contrast to the conservation of the
structure of priceswithinindustry, in the case of no entry the continuoustendency to reducethe diversity
of priceisobserved if free entry isalowed (theright-hand chart in Figure 11; compare aso therelevant
vaues of the standard deviation of pricein Table 2).

Conclusions

The basc modd, presented in section 1 of this paper, embracesonly an ‘economic’ part of industrial
process, that is, without a research process causng the emergence of innovation. A Smulation sudy
of thebasic modd (Kwasnicki, 1994, Chapter 6) show similaritiesand dissmilarities between thebasic
mode’ sbehaviour and the classical, well-known modes of devel opment of real processes. AsNicholas
Kador (1961) writes:



Innovation regimes, entry and market structure 37

Any theory must necessary be based on abstraction; but the type of abstraction chosen cannot be
decidedin avacuum: it must be appropriate to characteristic features of economic process as recorded
by experience. Hence the theorigt, in choosing aparticular theoretical approach, ought to start off with
a summary of facts which he regards as relevant to his problem. Since facts, as recorded by
statisticians, are dway's subject to numerous snags and qualifications, and for that reason are incapable
of being accurately summarized, the theorist, in my view, should be free to art off with a‘stylised’

view of facts—i.e. concentrate on broad tendencies, ignoring individua details, and proceed onthe‘as
if” method, i.e. construct a hypothesis that could account for these ‘ stylised facts' without necessary
committing himself to the historica accuracy, or sufficiency, of the facts or tendencies this

summarized.

Following his proposition, it is shown that the model reflects at lests seven important ‘ stylised facts,
namely:

C foragiven market, the margin of price and firm profit increase with the concentration of industry
(for example, from perfect competition, through oligopoly, duopoly, and ending with monopoly);

C thereisaspecific reationship between economies of scaleand industry concentration: the larger
the economies of scale the greater the industry concentretion;

C ‘the capita/labour ratio is risng more or less in proportion to productivity, and it is highest
amongst the richest nations and lowest among the poorest, the capital/output ratio is much the
same as between poor and rich countries — it is no higher in America ... than it is in
India’ (Kaldor, 1985, p. 67). Kaldor cdls it ‘one of the best established “stylised facts’ of
capitaist development’;

C inthe presence of innovation, thereis no uniform price for al products sold on the market but
agreat divergty of priceis observed;

C  emergence of innovation leadsto tempora monopoly of the pioneer firm; at thefirst phase after
innovationthe monopoly firm gainsextraprofit that disgppearsin time, when competitorsimitate
the innovation;

C skewed didributions of business firm sze and their long-term stability is the wdll established
‘dylised fact’ of indudtrial demography; Sze digtributions of firms of red indudtries are very
smilar (‘look like') to Pareto, Y ule, or log normd didtributions,



Innovation regimes, entry and market structure 38

C  indudrid development isaunique historica processin which path-dependence and cumuletive
causation play important roles.

Anevolutionary part of the modd rel ated to the search processfor innovationisincluded inthe basic
model and presented in section |1 of this paper. Mechanisms of search for innovation seem to be the
common property of al evolutionary processes, and in fact this part of the industrid modd is
‘borrowed’ from my former modd of biologica evolution. It isreflected aso in the nomenclature used
(mutation, recombination, and so on) so well-known in biological models. Presented in this paper, the
results of the smulation with an embedded search process expose theimpact of theinnovationson the
modes of industry development.

Three basic innovation regimes corresponds to three kinds of innovations leading to: (1) reduction
of the unit cost of production, (2) advancement of the product’ stechnical performance, and (3) increase
in the productivity of capital. The results of many smulation runs reved that these different regimes
ggnificantly influence industry structure and price diversty.

Reduction of the cogt of production leads to areduction in price, but the rate of pricereductionis
much smaller than the rate of cost reduction. The possibility of making obsolete products more
comptitive through price reduction is very limited, so the non-innovators and firms not able to imitate
the innovation and reducethe costs of production within areativey short period are quickly diminated
from the market. If there is no entrants, the cost reduction leads to high industry concentration and
relatively smal diversity of price.

In contrast to the Stuation in the cost regime, the possibilities of choosing areevant price policy to
keep the position on the market are much wider in the case of innovations leading to an improvement
of the product’ stechnical performance. Reduction of the price compensates for the temporal technica
backwardness of the product and alows the overal competitiveness of obsolete products to be kept
at dmost the same level as the advanced ones. In the technicd regime, two opposite tendencies
concerning the price policy are observed —areduction of the price by followers (to raisether product
competitiveness and to keep their place on the market) and an increase in the price by the leaders (to
gan higher profit fromtheir temporary ‘ monopoly position’). If we compare the modes of devel opment
in the cost regime and the technica regime, we then see that the cost reduction leadsto relatively high
concentration of the industry, high price reduction, and a rdativey smdl diversty of price, dmost
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opposite tendencies are observed in the technical regime — smaler concentration, dmaost no price
reduction (in the long-term perspective), and high diverdty of price.

The capitd productivity regime may be caled neutrd. Even ahigh rate of productivity growth does
not lead to large industry concentration and significant price reduction. The strategy of productivity
improvement seems to be a rather ineffective wegpon to diminate competitors from the market,
dthough it provides comparably good economic effects; the profitisamost the same asin the case of
the technica regime and even dightly larger than in the case of the cost regime.

An interesting property of the industry development related to the supply and demand balance is
observed for technical regime. In dmost dl smulation runs for al three innovation regimes the supply
to demand ratio isvery closeto one; it fluctuates around the equilibrium vaue and the mode of the SD
ratio development does not depend ontherate of change. But for fast technica devel opment instability
of the supply and demand occurs (it can be named ‘ new products shortages). The vaue of the SD
ratio drops heavily below oneand isthe smaller the faster the devel opment. It isnecessary to allow firm
entry to make supply and demand more balanced. The entry aso provide much quicker recovery from
the deep imbalance and quicker development of the industry towards the equilibrium. Entry of new
competitors dlows not only to kegp concentration of an industry on relatively low level and, through
stronger competition, alows to reduce products price, but also alows to keep the market bal anced.

Emergence of the radicd innovation causes a dgnificant increase of the diversty of price. In the
smulaionwith no entry the high diversity occurs just after the emergence of the innovation and is kept
amost on the same leve during the following period. In contrast to the conservation of the structure of
prices within industry in the case of no entry the continuous tendency to reduce the diversity of price
is observed if free entry is dlowed.
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Table 1. Price and industry structure in different innovation regimes

n, b/K Price Price A q \Y

st.dev.
% % max max min

Variable cost
normal 7.14 0.617 5.37 168 0.100 0.32 259
fast 233 0795 273 246 0.100 0.32 0.44
Technical performance
normal 890 1847 6.62 344 0.100 058 5.00
fast 239 10610 742 2745 0.100 849 5.00
fast with
entrants 990 0544 6.38 1291 0100 1434 5.00
Productivity of capital
normal 12.00 1672 6.10 210 0.177 0.32 5.00
fast 11.16 6.932 5.49 450 1160 0.32 5.0 0
‘Complex
normal (A) 204 3232 412 71.28 0112 0.64 146
normal (B) 9.04 5.883 6.17 4.05 0175 044 425
fast (A) 3.10 11.756 404 9.15 0.384 0.82 2.60
fast (B) 4.35 0.833 3.30 4.95 0.153 0.92 0.58

Note values of firms number equivalentn,,, theratio of Profit/Capital B/K, and Priceareaverage

values during the whole period of simulation from 0 to 100.
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Table 2. The ‘no entry—free entry’ experiment

Ny b/K Price Price A q V
st.dev.
% % max max min
no entry
0-100 3.08 14.30 5.67 1164 0.18 3.60 299
95-100 200 26.48 537 1521 0.18 3.60 2.9
freeentry
0-100 92.04 023 4.88 892 017 3.69 312

95-100 10.12 031 401 6.37 017 3.70 312
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Innovation regimes:. variable cost of production (a), technical competitiveness (b)
and productivity of capital (c)
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Price for different innovation regimes: cost (a), technical performance (b) and
productivity (c)
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The supply/demand ratio for different innovation regimes
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experiment (upper and
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Figure9.  Market shares of the eight largest firmsin the ‘no entry—free entry’ experiment
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