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Abstract

The evolutionary theory defines the firm as a set of essential
skills, gained from its learning ability. The theoretical assumption
that forms the base of this paper is based on the importance of
knowing the relationship between firms in different market,
recognized at economic level. For this reason the paper was
based on a systematic review and critical analysis of the
literature on the subject which is considered to be a universally
accepted assessment technique, used to create a structured
summary of previous developments on the theories of the firms.
Based on the need to address these questions, the objective of
this paper is to critically analyze the theories of the firm in terms
of how they influence the behaviour of the rational entrepreneur.
The research goal is to identify how they contribute to explaining



the evolution of firms and the performance differences between
them. Using the numerical simulations we can notice that the
steady states are mean square stable. The analysis of a firm'’s
model considering the physical capital and the quality of the
human capital is analyzed. In this paragraph a random model was
built taking into account that the economic processes have a high
degree of uncertainty. The graphs described in the present paper
show, that the states of the variables are asymptotically stable in
probability. In this perspective the research goal is designing and
testing models of evolution and revealing the firm's performance
in a competitive environment affected by risk and uncertainty by
using mathematical models.

Keywords: the theories of the firm, the entrepreneur, the
evolutionary theory of the firm, models of the firms.



Introduction

Starting from the observation of the market behaviour of firms,
from the complexity and dynamism of open economic systems,
the present paper identifies other prospects in the revaluation of
firm theories with the evolutionary perspective (Coase, 2002).

Formed according to the values promoted by the neoclassical
school (along with his contemporaries Friedrich von Hayek and
Milton Friedman), in 1940 Ludwig von Mises published his work
“Human action” in which he argued that the economy is a social
science (Mises, 1998). There were many reactions against this
way of considering the economy and hence, it was called into
question the entire neoclassical paradigm. In this context, the
firm, the enterprise, is the form of human action, namely the



creation of the entrepreneur. It is an integrative part of the
market and should be integrated into the general theory of the
market process and price formation. According to the
neoclassical theory of perfect competition, the firm is to combine
production factors in order to obtain a final product ( Nelson and
Winter, 2005). Thus, the company combines production factors -
labour and capital in order to maximize profits.

The marginality debate around the mid 1930s came after the
publication of several studies which argued empirically that
entrepreneurs apparently did not follow the marginal principle of
maximizing profit and minimizing costs within companies, so
that they questioned the relevance of profit maximizing to be
found in the neoclassical theory of the firm (Foss, 2002). Ronald
Coase identified, in an article published in 1937, several sources



of the cost related to the market mechanism use, that determines
the emergence of the firm as an institution. The most important
reason to set up a firm seems to be that of identifying the relevant
prices, along the cost of negotiation and conclusion of separate
agreements for each transaction (Tavares and Teixeira, 2008).

In essence, the theory of the firm put forward by R.H. Coase is
based on the generalization of organizational situations in an
environment dominated by the market where transaction costs
are significant ( Coase, 2002). Without deviating from the
alternative coordination of resources, R. Coase examines in turn
the natural reasons for the existence of the firm, as well as the
implied contract costs, the law on transactions on the market, the
costs of market use (Foss, 2002).



The evolutionary theory defines the firm as a set of essential
skills, gained from its learning ability (Gould, 2002). The
evolutionary approach adopts the concept of limited rationality,
assuming that individuals and organizations have much to learn
in a complex environment, characterized by uncertainty in the
context of the knowledge economy.

Literature Review

Authors like O.E. Williamson (1971), S.G. Winter (1982), S. Ross
(1973) H. Demsetz (1972), a.0., developed the approach initiated
by R. Coase in 1937 discovered new areas for its application
(Mises, 1998). Alchian and Demsetz (1972) argued that the
neoclassical theory of the firm does not actually refer to firms,
but to the industry (Jensen and Meckling, 2005). The analysis of



the literature in the field on modern theories of the firm is based
on noticing a deficiency consisting in the separation of the
economic theory of the firm and the one of the entrepreneur.
Individual firms will, in general, follow routines described by
researchers, but in fact the industry is complying with the
marginal principles. The industry tends towards the optimal
decision, but not because of changes occurred in the behaviour of
firms, where profit maximization is the result of an evolutionary
process which took place in the industry (Coase, 2002).

Langlois (2003) shows that firms with identical production
functions, transform homogeneous inputs into homogeneous
outputs according to well known technical “plans” (Foss and
Thomsen,2002). Machlup (1947) and Stigler (1947) also
defended the marginal principle, as a reaction to these studies.



Machlup argued that firms use established routines in decision
making. Alchian and Demsetz (1972) argue that the hierarchical
structure of the firm’s control does not minimize transaction
costs, only monitoring costs [6]. The idea of the firm’s behaviour
put forward by Demsetz and Alchain is not much different from
the market behaviour, suggested by Jensen and Meckling (1976)
who introduced the idea of agency costs as a source of the firm'’s
structure. In this regard the firm’s behaviour is similar to that of
the market; it is the result of a complex balancing process. E.
Fama (1980) stated that the separation of share ownership and
their control can be explained as an effective form of economic
organization in the perspective of the “set of contracts”. Every
factor of production within the company is to be found in inputs,
which put together can create final outputs. The contractual



theories of the firm are based on the importance of property
rights, asymmetric information and moral hazard (Foss, 2002).

Continuing the reflection of R. Coase, 0. Williamson analyzes the
situations in which the exchanges reflect a large opportunist
potential. Using the sources of sustainable competitive advantage
has renewed the resource-based firm theory (Gould, 2002). The
resource-based firm theory explains performance differences
between firms. Thus, the capabilities are the firm's knowledge
base (they belong to the firm and not to individual agents). From
this perspective, the firms are heterogeneous, the competitive
advantage is translated in terms of efficiency of annuities, and the
sustainability is based on the difficulty for the competitors to
imitate (Tavares and Teixeira, 2008). The need to integrate the
two approaches to the theory of the firm - the contractual



perspective and the one based on capabilities - is underlined by
other theoreticians on this issue stating that for a better
understanding of the firm, more attention should be given to the
problem of distribution of knowledge / production knowledge
among companies, and especially to their character (Jensen and
Meckling, 2005). The corporation is not only a contractual entity,
itis at the same time an entity that both learns and innovates,
seeking competitive advantages from economies of scale and
scope based on superior capabilities. Continuing the idea of
coordinating knowledge, some authors (Cremer 1990, Radner
1992, 1996, Bolton and Dewatripont 1994) identified the firm
with a network of communication set up to minimize both the
cost of processing new information as well as its communication
cost between agents (Mises, 1998).



The evolutionary perspective on the theories of the firm is linked
to the research of authors such as Kirzner (1913), Williamson
(1971), Winter (1982) and Littlechild (1986) who introduced the
term of “evolutionary economics” (Nelson and Winter,2002). The
approach of the theory of the firm from an evolutionary
perspective had as starting point the work “An Evolutionary
Theory of Economic Change” (1982), in which Nelson and Winter
reconsidered the microeconomic analysis showing that excessive
attention to market equilibrium was not needed, but rather the
focus should be on the dynamic processes resulting from
irreversible economic exchanges (Sirghi, Neamtu and Opris,
2012).



The Evolutionary Models of the Firms

In designing and testing models of evolution and revealing the
firm's performance in a competitive environment affected by
risk and uncertainty can be used stochastic mathematical
models (Tembine, Altman and El-Azouzi, 2007). Below we
briefly present one of these models including finite stochastic
differences, namely the Behrens - Feichtinger model (Tavares
and Teixeira, 2008).

A number of “physical” models were developed as an extension of
the nonlinear microeconomic Richardson model. These include
the Behrens - Feichtinger model, which refers to two firms with
asymmetrical investment strategies. The model refers to the
sales’ evolution (x(n) and y(n)) of two competitive firms in the



same market of goods, with asymmetric and active investment
strategies for both companies(Sirghi, Neamtu and Opris, 2012).

If a firm does not invest in advertising, research, re-tech or
development, the sales of the company are expected to drop
exponentially, by a factor characterizing the actual situation on
the firm’s market. Thus, every firm has the opportunity to invest
in order to increase its sales and perhaps may make different
investment strategies. The evolution of sales of the two firms
can be described in a discrete time scale, x (n) representing the
value of the firm X at the time n, by:

x(n+1)=(1- a )x(n)+f(x(n)-y(n),a) (1)



y(m+1)=(1- B )y(n)+f(x(n)-y(n),b)  (2)

Withaand b (0 <a, b <1) being the time rates at which the sales
of both firms decrease in the absence of investments (exponential
decrease). The function fis:

(x (n)-y (n),a)=a/ (1 +exp (-c(x(n)-y (n)))) (3)

Where parameter c characterizes the transition the slope from 0
to a for the function and measures the degree of nonlinearity.



This microeconomic model can be adapted to conditions of
dynamic evolution as close to real conditions. For this purpose
we introduce a series of changes that can cause the development
of this mathematical model and the expanding of its application
[10].

We suggest adding a random term for knowing the difference
between the sales of two companies, as happens in reality, we do
not always have the correct information about the sales of
competitors, but only information with a certain degree of
probability. The amount invested can also be variable, also
modelled by a Gaussian distribution, even if the firm has an
amount provided for investments, the value of this investment is
not always the same, but may vary depending on the promotion
and development strategy applied at the respective time,



according to the current offer of the market, etc. We will change
therefore the investment constant, a or b through:

f(x(n)-y(n),a)=aB(sigma)/(1+exp(c(x(n)-y (n)))) (4)

The term B (Sigma) is equivalent with introducing a white noise
(Wiener process) in the value of investments. The system is a
chaotic system and the possibility of controlling the chaos is
usually related to the stabilization of UPO’s (unstable periodic
orbits).

This is done by controlling the dynamic system parameters and
values so that all Lyapunov coefficients become negative and the
trajectory of the system to become periodic. It is desired to keep



the system in a dynamic which is unpredictable, chaotic, but the
average variable of interest can be controlled so that firm profits
can be improved. This can be done by analyzing the system’s
dynamics and by changing the control parameters so that the
centre “orbit” of the trajectory to move in a controlled way.

Thus, using a program in Maple 12, we get a series of orbits
which can be stabilized (Fig. 1 in orbit (n, x1(n)) in Fig. 2 orbit (n,
y(n)), and in Fig. 3 orbit (x (n), y (n)).



0.8 -

0.4

0.2 -

oz

—0.4

Fig 1. Orbit (n, x1(n)




Fig 2. Orbit (n, y(n))




Fig 3. Orbit (x(n), y(n))




Next we describe the evolutionary model of the capital of a firm
based on employee knowledge. In terms of the deterministic
model, the firm has only one production process and production
is used both for consumption and as investment. The labour
noted with L = L (t) is considered to be formed by intellectuals
Li=L1(t) and workers L,=L(t). Suppose that L1= niL, L= n,L,
where ni+n; =1, ny, n; are constant. Y represents the firm’s
production. The consumption of an intellectual c; Y/L, and a

worker’s is c;Y/L, O represents the capital depreciation rate.

The dynamics of the capital are given by the differential equation

(5):
dK/dt= Y-c;YL1/L- c2YLy/L-O K (5)



Production is a function of number of workers L, capital and the
employees’ knowledge G. The model considers the production

function as Y = f (G) LS KP with f'(G)>0, o + <1.In the

following we consider f (G) = GY.

Thus, production becomes:
Y=GYLSKP, a+B+y=1 (6)

The knowledge dynamics are assumed to take the form

dG/dt= pY+h(c1Y/L, L,G)- U G 7)



Here p is the workers’ efficiency in increasing knowledge, h is the
function of intellectuals’ contribution to the increase of
Knowledge, pis the knowledge depreciation rate. The function h

is given by:

h(y, g L)=c1y n{ gL/(a+c1y) (8)

Where k=K/L (capital per employee), g=G/L (knowledge per
employee), y=Y/L (production per employee).

The deterministic differential system [9]:



Please see function 9 in PDF version of the article

The stochastic model is given by the stochastic equation system
(10):

Please see function 10 in PDF version of the article

Where (ko, go) is the stationary solution of the deterministic
system and B1(t), B2(t) are Wiener processes.

For the numerical simulation the following values were
considereda =02, =05, y;=1-a-p, =02, £=03 0=1-¢,

i =0.6,1n1=0.6, n2=0.4, n3=0.3, a=5, p=1, ¢1=0.8. The steady state is
ko =10.082, go = 0.035.



We notice that this state is asymptotically stable. Considering
0,=0.3, 0,=0.2, the orbits (t, k(t, «)), (t, g(t, «)), (k(t, «), g(t,
«)) are provided in Fig 4, Fig 5 and Fig 6:
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Conclusions

According to the neoclassical theory of perfect competition, the
firm exists to combine factors of production in order to obtain a
final product. Thus, the firm combines inputs - labour and capital
in order to maximize profits (Zhang, 2005). The marginality
debates which empirically argued that entrepreneurs did not
apparently follow the marginality principle of maximizing the
profit and minimizing costs within firms, questioned the
relevance of profit maximizing in the neoclassical theory of the
firm.

In essence, the theory of the firm is based on the generalization of
organizational situations in an environment dominated by the
market where transaction costs are significant (Coase, 2002). In



the economic processes, we do not always obtain accurate
information, so we need to add a random term described by a
Winner process (Sirghi, Neamtu and Opris, 2012).

Using the numerical simulations we can notice that the steady
states are mean square stable. The analysis of a firm’s model
considering the physical capital and the quality of the human
capital is analyzed in (Zhang, 2005). In this paragraph a random
model was built taking into account that the economic processes
have a high degree of uncertainty. The graphs described in the
present paper show that the state variables are asymptotically
stable in probability.

The research results can be summarized as follows: the
accomplishing of a critical study on the theories of the firm; the



refining of the theories of the firm in terms of evolutionary
perspectives, discussing the existing empirical evidence
supporting the evolutionary paradigm of the firm and the
simulation of company development based on evolutionary
games.

To conclude, we highlight the importance of stochastic
mathematical models for designing and testing models of
evolution and revealing the firm's performance in a competitive
environment affected by risk and uncertainty.
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