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Abstract—Based on concepts of ecology modeling and specifi-
cally on population biology, a methodology for describing a high-
technology market’s dynamics is developed and presented. The
importance of the aforementioned methodology is its capability
to estimate and forecast the degree of competition, market equi-
librium, and market concentration, the latter expressed by cor-
responding market shares, in the high-technology environment.
Evaluation of the presented methodology in the area of telecom-
munications led to accurate results, as compared to historical data,
in a specific case study. Apart from a very good estimation of the
market’s behavior, this methodology presents a very good fore-
casting ability, which can provide valuable inputs for managerial
and regulatory decisions and strategic planning, to the players of
a high-technology market, described by high entry barriers.

Index Terms—Competing species, ecology modeling, Lotka–
Volterra model, market competition, market shares, market struc-
ture, telecommunications forecasting.

I. INTRODUCTION

MARKET concentration had long attracted the attention
of researchers. Among their main concerns is the study

of the number of firms, providing a particular product, or col-
lections of products and services [1]. Market structure plays
an important role in determining market power, business be-
havior, and performance. This, in turn, allows the evaluation
of the degree of competition in different industries. These con-
cerns apply to the sector of high-technology products, such as
telecommunications. Telecommunications were traditionally a
national monopoly since a few years ago, when market liberal-
ization took place. As a result, the initially monopolistic market,
which imposes certain entry barriers, became oligopolistic, or
even competitive in some cases. Studying the concentration of
the new market is therefore an imperative need, in order to iden-
tify its possible peculiarities, describe competitors’ behaviors
and provide necessary inputs to legislation and regulation au-
thorities [1]–[4]. In addition, valuable predictions for the future
could be provided including, among others, potential entry of
new providers [5], [6]. Moreover, the evolution of market con-
centration is of major interest for providers as well, since it
is strongly related to managerial decisions, including available
actions to be taken and expectations toward competition. The

Manuscript received July 14, 2009; revised March 10, 2010 and May 31,
2010; accepted June 12, 2010. Date of publication July 23, 2010; date of cur-
rent version February 16, 2011. This paper was recommended by Associate
Editor K. M. Sim.

The authors are with the National and Kapodistrian University of Athens,
Athens 15784, Greece (e-mail: michalak@di.uoa.gr; thomas@di.uoa.gr;
arkas@di.uoa.gr).

Digital Object Identifier 10.1109/TSMCC.2010.2053923

aforementioned are usually accompanied by heavy investments
and business plans, targeting to enhance the ability of providers
to meet the market’s demand.

A. Research Objectives and Contribution

The main contribution of the present work is the study of the
evolution of a market’s structure and concentration, by adopting
approaches from evolutionary theory of population biology and
population dynamics. More specifically, market evolution is es-
timated and forecasted by applying the Lotka–Volterra model,
which describes the competitive interaction of species for a
common limited supply [7], [8]. Although the Lotka–Volterra
models have already been used for modeling market competition
and market dynamics, mainly in a duopolistic market [9]–[12],
they have not been used in a setting like the one we examine
here, described in detail in the following sections.

The main objective of the proposed methodology is to pro-
vide an alternative way to estimate the level of concentration of
a market characterized by high entry barriers, such as telecom-
munications. The Lotka–Volterra model employed in this paper
has been used in a number of other application areas, besides
biology, providing quite accurate estimates of the described pro-
cesses dynamics. In addition, the proposed methodology can be
used in combination with the already established methodolo-
gies, or even as a benchmark to them, in order to verify their
evaluation results.

Accomplishment of the aforementioned objectives would
contribute to both research and practice, as it would provide
new directions for estimating market concentration and an ad-
ditional tool to be used in strategic planning. If combined with
the directions, proposed in the conclusion section, they would
result to the development of a framework capable of describing
the different aspects and factors influencing a diffusion process,
in the context of market competition and level of concentration.

B. Methodology Overview and Assumptions

As stated in [8] “Population biology has its roots in many
different areas, as in taxonomy, in studies of the geographical
distribution of organisms, in natural history studies of the habits
and interactions between organisms and their environment, in
studies of how the characteristics of organisms are inherited
from one generation to the next and in theories which consider
how different types of organisms are related by descent.”

Thus, population dynamics is the study of marginal and long-
term changes in the numbers, individual weights, and age com-
position of individuals in one or several populations, and bio-
logical and environmental processes influencing these changes.
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The corresponding population modeling is an application of sta-
tistical models to the study of these changes in populations, as
a consequence of interactions of organisms with the physical
environment, with individuals of their own species (intraspecies
competition), and with organisms of other species (interspecies
competition). Finally, one of the most important questions
population modeling seeks to answer is if competing species
can coexist or not, and what are the major factors that affect
coexistence.

Based on the aforementioned considerations, an obvious re-
lationship is identified between the dynamics describing com-
petition among species for a common source and the competi-
tion among service providers toward obtaining a greater market
share from the common source of present and future adopters.
Thus, the methodology developed in this paper is built upon
the same assumptions that describe the behavior of competing
species. Market shares, which reflect the level of concentration
in a given market, are considered as species competing for a
common source, the market potential in the studied case. In
this way, interspecies as well as intraspecies competition can
be modeled, in order to estimate the market’s equilibria, i.e.,
the possible outcomes in the market’s structure. Market shares
is a quite accurate indicator for estimating the degree of com-
petition, since they can be considered as the observed outcome
of the underlying, usually noncooperative, game of the partic-
ipating players—service providers. They reflect the results of
managerial and strategic decisions, such as advertising, pricing
policy, and quality of services. The main outcomes, which also
define the importance of contribution of the proposed method-
ology, are the estimation of the modeled system dynamics, the
provision of forecasts regarding market equilibrium, and the es-
timation of the level of customers’ switching among providers.
Evaluation of the proposed methodology was performed over
historical data regarding mobile telephony diffusion in Greece
(2G and 3G).

The rest of the paper is structured as follows: In Section II, a
short overview of the corresponding literature regarding market
competition is presented. Section III provides a short overview
of the mathematical concepts of population dynamics, especially
the dynamics of competing species. Based on these concepts,
the development of the proposed methodology is presented in
Section IV and the corresponding case study results are pre-
sented in Section V. In Section VI, the methodology’s fore-
casting ability is evaluated and, finally, Section VII provides
an overview and the conclusions of the work conducted in this
paper, together with directions for future research.

II. LITERATURE REVIEW—MARKET COMPETITION

A considerable amount of research has been carried out, fo-
cusing on describing and modeling the competitive factors and
the impact of marketing mix variables, such as pricing and
advertising that influence a diffusion process. Competition, in
most of the cases met in literature, is based on the assumption
of rationality of the participants, indicating that firms behave
noncooperatively, seeking to maximize their own profits. In ad-
dition, each firm is assumed to correctly anticipate its rivals’

strategies and the effects of these strategies over the firm’s prof-
its [13]. Adoption of this approach allows modeling of firms
imposing different costs, demand structures, discount factors,
access to market information, and planning horizons.

Although this paper does not attempt to provide a thorough
review of the corresponding literature, it is worth mentioning
some of the most important contributions toward capturing the
dynamics of a durable goods market exhibiting competitive
behavior. One of the most important contemporary efforts to
describe diffusion into the context of a number of influential
factors can be found in [14]. Moreover, in [15], the effect of
a new entrant to an expanding market is studied, based on in-
corporating pertinent formulations into the Bass model [16], in
order to capture the competitive effects of the market. This was
followed by [17], proposing a hazard function to describe each
competitor’s dynamics. Similar approaches, toward modeling
the interaction between competitors into a market are presented
in [18]–[21]. The impact of competitive entry in a developing
market in the context of dynamic pricing is analyzed in [22],
where the transition from a monopolistic to an oligopolistic mar-
ket is studied. Finally, in [23], the following empirical issues on
entry in telecommunications are identified: the impact of reg-
ulatory delay in issuing first entry licenses on the diffusion of
innovation; the preemptive, immediate, and long-term effects of
additional entry licenses on the diffusion of innovation; and the
distinction between simultaneous versus sequential entry.

The diffusion process of new products and market compe-
tition are not only affected by the interpersonal influence but
by external factors as well, with pricing and advertising being
the most important ones. Thus, apart from the aforementioned
contributions, an additional number of papers is devoted to the
development of methodologies that incorporate price and ad-
vertising effects into the diffusion process, such as the work
presented in [24], where a generalized pricing and advertising
model is developed, based on the Bass diffusion model. Into
that context, an empirical analysis regarding the competitive
effects in diffusion models is performed in [25]. In this pa-
per, a typology of brand diffusion processes that describing the
different cases of competition is proposed, together with formu-
lations for accommodating marketing mix variables. The most
appropriate modeling approach of this paper is selected as a
benchmark model, comparing its results with the ones provided
by the proposed methodology.

Additional to these, an approach regarding the way compe-
tition affects dynamic pricing of new products can be found
in [13], where a pricing model incorporating dynamic and
competitive effects is developed and evaluated. Optimal pric-
ing strategies in oligopolistic markets are proposed in [26], as
outcomes of a differential game model, whereas optimal pric-
ing and advertising policies are proposed in [24], and the effect
of advertising over the diffusion of long interpurchase times
products is studied in [27].

The advantage of the proposed methodology against the
aforementioned approaches is that the latter are mainly based
on diffusion models, which are suitably transformed in order
to capture the competitive effects. This is achieved by incor-
porating suitable parameters into the formulation of the model.
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However, estimation in this kind of models is usually performed
in two steps. First, the market potential of each market player
is estimated, which is in turn used into the system of equa-
tions in order to capture the competitive effects. In the proposed
approach parameter estimation is performed in one step. More-
over, the construction of the model allows the estimation of
the “churn effect,” the switching of users among the providers,
which constitutes important information regarding competition.
The aforementioned, together with the employment of the ge-
netic algorithms (GAs) to estimate the parameter values, con-
stitute the innovation and the contribution of the present work.

III. POPULATION DYNAMICS—COMPETING SPECIES

The hypothesis concerning the variation of population is that
the rate of its change is proportional to the current size of the
population and the most common approach for modeling popu-
lation growth of a species, in the absence of any competitors is
given by [8] and [28]

dN(t)
dt

= rN(t)
(

1 − N(t)
K

)
(1)

where N (t) is the size of population at time t, the constant r is the
growth rate, and K is the saturation level or the environmental
carrying capacity, for the given species. K is the upper bound
that is reached but not exceeded by growing populations starting
below this value. Models based on the aforementioned approach
are widely used in modern literature for demand estimation and
forecasting, such as the logistic family growth models [29], [30]
and the Gompertz model [31]. An application of these demand
models over the same dataset can be found in [32].

However, when more than one species coexist in the same en-
vironment, they are expected to compete for the same resources.
Definitions and descriptions of species competition can be found
in [8] and [33], and they can be summarized to the following:
“Competition occurs when two or more individuals or species
experience depressed fitness (reduced growth rates or saturation
levels) attributable to their mutual presence in an area”. Ac-
cording to this approach, if two or more species are present in a
closed environment each of them will impinge on the available
sources supply for the others. In effect, they reduce the growth
rates and saturation populations of each other. A more precise
definition, regarding interaction of species, is given in [7], where
three types of interaction are identified: 1) If the growth rate of
one population is decreased and the other increased the popu-
lations are in a predator–prey situation. 2) If the growth rate of
each population is decreased then it is competition. 3) If each
population’s growth rate is enhanced then it is called mutualism
or symbiosis.

Under specific conditions, in a closed established oligopolis-
tic or competitive market, each participant’s shares are reduced,
due to coexistence and interaction with the others, provided that
firms seek to maximize their market shares and profit. In these
cases, the second case of competition among species is consid-
ered as the most appropriate to describe the phenomenon.

The simplest expression for reducing the growth rate of each
species due to the presence of the others is to incorporate suit-

able parameters to capture the measure of interference among
species. The corresponding model is the well-known Lotka–
Volterra model, based on the work of Lotka and Volterra. Ana-
lytical description together with informative examples regarding
interaction and competition between two species can be widely
found in literature, such as in [7], [8], [28], and [33]. In ad-
dition, theoretical analyses together with applications of inter-
action among three or more species can be found in [34]–[37].
Based on the earlier analysis, the dynamics of the corresponding
system for a number of m competing species can be represented
by the following system of first-order nonlinear differential
equations:

dNi

dt
= Ni

⎛
⎝ai −

m∑
j=1

aijNj

⎞
⎠ , i = 1, 2, . . . ,m (2)

where, dNi/dt is the rate of change of species i, and ai is
the growth coefficient of the corresponding population Ni . The
coefficients aij measure the interspecies competitive effects (of
each species over the others) when i �= j and to intraspecies
competition when i = j, although they are not equal in general.
It should be noted that each of the earlier equations can be
derived by (1) after performing the following transformation:

dN(t)
dt

= rN(t)
(

1 − N(t)
K

)

= N(t)
(
r − r

K
N(t)

)
= N(t) (r − aN(t)) (3)

and adding the extra terms that appear, in order to capture the
reduction of growth rate due to the competition with the other
species (interspecies competition).

The aforementioned system of equations describes the com-
petitive process at the macro level, capturing the impact of
marketing variables and other external factors only implicitly.
Moreover, the main assumption is that, during the study period,
all other factors remain constant. Incorporation of these factors
into the model’s formulation and corresponding analysis would
probably provide more insight and directions for influencing
competition through appropriate marketing actions. In the con-
text of this paper, the influential behavior of these factors is
not explicitly studied, since the main target is to develop an
alternative methodology for describing the generic behavior of
telecoms market and model the balance of the market, when
all competitors are present. However, incorporation of external
and marketing variables constitutes a main direction of future
work, in order to develop a more comprehensive model that will
capture the direct and indirect effects of the market environment.

IV. METHODOLOGY FOR MARKET SHARES EVALUATION

A. Definition of the Model

As mentioned in Section I, construction of the proposed
methodology was based on the main assumption of correspond-
ing market share sizes of the competing providers, with an equiv-
alent number of species competing for a common source, in this
case the present and future adopters of the offered service. More-
over, it is assumed that only these three species are interacting,
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without the effects of migration, and that all exterior factors
that may affect the dynamics of these species are assumed to be
stable for the period under consideration.

Based on the aforementioned assumptions, the dynamics of
the proposed system can be described by the system of (2),
whereNis refer to the corresponding market shares aij , i �= j
parameters capture the influential interaction among subscribers
of different providers and aij , i = j capture the influence among
subscribers of the same provider. Interspecies interaction is a
measure for describing the so-called churn effect, the switching
of subscribers among providers [38].

The mathematical formulations that describe the proposed
methodology are very much similar to the ones presented in [25],
where the competitive behavior of the market is modeled, in
terms of the diffusion rate of each competitor. A description of
the benchmark model is given in the evaluation section of the
methodology.

B. Case Study Description

Evaluation of the proposed methodology was performed over
historical data, describing diffusion and market shares of 2G
and 3G mobile telephony in Greece. It is worth mentioning that
Greece is the only European country that did not have any ana-
logue cellular network, (although it was proposed in the late
1980s) and was the first country to award licenses through a
sealed bid auction procedure [39]. The licensing policy adopted
by the Greek government and the regulatory authorities was
not like the usual procedure followed in most countries [23],
where licenses were frequently granted on a first-come-first-
served basis and the first of them were granted to the incumbent
operators. A short overview regarding the evolution of the mo-
bile telephony market in Greece is presented in the following
paragraphs and given in more detail in [32].

The first two GSM 900 licenses were awarded in August
1992 to Telecom Italia’s STET (later TIM and from the mid-
2007 WIND) Hellas and Panafon (now Vodafone). They both
started operating during the following year with an exclusivity
period for all mobile telecommunications frequencies, includ-
ing GSM 1800 services, until 2000. Following the details men-
tioned earlier, two companies started the provision of mobile
telephony services since year 1994, Vodafone, former Panafon
(called Provider A in the rest of the paper and in correspond-
ing graphs) and Wind, former Telestet (Provider C). In 1998
Greece’s fixed-line incumbent operator, OTE, entered the mar-
ket via Cosmote, Provider B, and in about 2001 managed to
obtain the biggest market share of all. In 2002, a new provider,
Q-Telecom, earned an E-GSM license, entered the mobile arena
and started offering services as a Mobile Virtual Network Oper-
ator (MVNO), through Vodafone’s network, exploiting national
roaming framework. An MVNO is a mobile operator that pro-
vides services but does not have its own licensed frequency
allocation of radio spectrum, nor does it necessarily have all of
the infrastructure required to provide mobile telephone service.
MVNOs have business arrangements with traditional mobile
operators to buy minutes of use for sale to their own customers.
Four years later, Q-Telecom merged, through acquisition, by

Fig. 1. Mobile phones penetration in Greece and corresponding operators’
market shares. Source: Mobile operators and NRA.

Wind without any deployment of radio network, as it was orig-
inally obliged to. By that time, Q-Telecom managed to obtain
a market share of about 8%, mainly prepaid customers, mostly
acquired by Wind. Although Q-Telecom case is of interest for
the analysis of market competition (for the study of MVNOs),
in the present case study only the three main providers that
operate mobile networks are considered, since this situation re-
flects the average European situation, providing useful insights
for the worldwide mobile market. Regarding 3G services, the
three existing operators (Vodafone, Cosmote, and Wind) were
also awarded 3G licenses, for which they bid a combined total
of 484 M€ . All three licensees launched commercial 3G ser-
vices before the end of 2004. Thus, the number of 3G operators
counts to three, each one holding a single license for 3G services
provision.

Actual semiannual market shares together with total pene-
tration of mobile telephony over population, for years between
1995 and 2007, are shown in Fig. 1, starting from the early
stages of mobile diffusion where only two providers were op-
erating in the Greek market and before Cosmote was awarded
a license. As stated earlier, although mobile telephony was in-
troduced into the Greek market at the end of 1994, only two
providers existed until year 1998. Thus, although actual com-
petition was initiated after 1998, when the incumbent operator
entered the market, all available historical data are considered
for the evaluation procedure, in order to avoid truncation bias
and provide accurate estimations of competition [23], [40]. The
data used for evaluation were collected by the corresponding
operators and the Greek National Regulator Authority (NRA).

As observed in Fig. 1, the entry of Cosmote as the third com-
petitor into the market had a significant impact on the diffusion
of mobile services, since penetration almost doubled in two
years time (almost 80%–by the end of 2001), thus confirming
the proposition that competition speeds up diffusion, as dis-
cussed in [23]. In addition, the timing of the third competitor’s
entry into the market turned out to be quite important, since
the sequential entry of the third provider had a stronger impact
than the simultaneous entry of the two first, which is again in
accordance with propositions of [23] and [40], describing the
strategic behavior by the operators and the effects of sequential
entry over competition.
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C. Estimation of the Model Parameters

The first step toward the evaluation of the effectiveness of
the proposed model is the estimation of the parameters of (2).
Such estimations are usually achieved by making reasonable
assumptions based on the available data. However, in the present
paper heuristic methods are employed by the means of GAs,
which are applied in order to “train” the system, or estimate the
model’s parameters.

Genetic algorithms were introduced by Goldberg [41] and
Holland [42], and they are adaptive heuristic search algorithms
based on the mechanisms of natural systems and natural genet-
ics. The basic concept of GAs is designed to simulate processes
in natural system necessary for evolution, specifically those that
follow the principles first laid down by Charles Darwin for the
survival of the fittest. As such, they represent an intelligent ex-
ploitation of a random search within a defined search space to
solve a problem. The key points to the process are reproduction,
crossover, and mutation, which are performed according to a
given probability, just as it happens in the real world. Reproduc-
tion involves copying (reproducing) solution vectors, crossover
involves swapping partial solution vectors, and mutation is the
process of randomly changing a cell in the string of the solution
vector preventing the possibility of the algorithm being trapped.
The process continues until it reaches the optimal solution to
the fitness function, which is used to evaluate individuals.

Estimation of parameters can be alternatively based on man-
agement judgments regarding the evolution of the market, as
well as competition. However, this approach could include bias
to some extend, since it may reflect personal or group opinions,
based on corresponding knowledge, experience, and percep-
tion. On the contrary, GAs can provide accurate estimates of a
model’s parameters once a minimum number of data points be-
come available. This is the case of telecommunications, where
the available data are usually restricted to a set of a few obser-
vations, mainly due to the rapid generation substitution. Since,
in the present case study the number of observations are 26, to
be used for the estimation of the 12 parameters of the model, the
GAs are considered as the most appropriate choice. Of course,
an alternative method could be used for the estimation of these
parameters, but in this case it would be more difficult to avoid
bias. As stated in [43], GAs “constitute an appropriate method
to use when searching for a real number evaluation function
in an optimal solution.” In this paper, the drawbacks of the
most common techniques used for estimating the Bass model
parameters are discussed, which are mainly related with bias,
multicollinearity and inefficiency, of estimations based on the
ordinary least squares, nonlinear least squares, and maximum-
likelihood estimation methods. In addition to this, theoretical
arguments regarding the ability of the GAs to efficiently pro-
duce better parameter estimates are provided in [44], which are
evaluated against alternative estimating methods showing the
superiority of the Gas, which, under certain circumstances, are
able to perform better than the alternative methods, as evident
in lower mean squared errors (MSE) and mean absolute de-
viation. On the contrary, when estimations are based on other
methods, it may lead to problems such as values outside the

allowable range, convergence problems or bias and systematic
change in parameter estimates [45]. In general, GAs are capa-
ble of producing accurate estimates in the cases that there are
more than six parameters or when there are no many data points
available and the solution space becomes very rough. GAs have
been used to estimate demand for high-technology products,
and they constitute a rapidly growing area of artificial intelli-
gence [46]. In the context of describing market dynamics, GAs
were used to develop bargaining agents able to react to different
market situations, evolve their best-response strategies accord-
ingly for different market situations [47], and simulate agent
behaviors in virtual negotiation environments [48]. In addition,
they have also been applied over a wide range of optimization
problems, such as solving the flexible assembly line balancing
problem [49], choosing the right set of plans for queries, which
minimizes the total execution time [50], or solving constrained
optimization problems [51].

The general steps a GA consists of the following:
1) Definition of the fitness function, for the particular opti-

mization problem.
2) Setting crossover and mutation probabilities.
3) Random generation of an initial population N (0)
4) Generation of N (t+1) by probabilistically selecting indi-

viduals from N (t) to produce offsprings via genetic oper-
ators of crossover and mutation.

5) Computation of the fitness for each individual in the cur-
rent population N (t). Offsprings with values closer to the
fitness function are more probable to contribute with one
or more offsprings to the next generation. Offsprings that
diverge from the fitness function are discarded.

6) Steps 4 and 5 are repeated usually until either a prefixed
number of generations is created, or after some predefined
time has elapsed.

In the present case study, the aforementioned algorithm is
performed, for the system described by (2), with the following
characteristics:1

1) Objective function: The minimization of the MSE, be-
tween observed and estimated values for each competitor’s
market share:

MSE =
1
T

T∑
t=1

(Ni(t) − N̂i(t)) (4)

where Ni(t), N̂i(t) are the observed and the estimated
values, respectively, for competitor i.

2) Initial values of parameters: They were based on esti-
mations of the rates of change of the market shares. The
algorithm was in addition executed with random initial
values, in order to ensure that the algorithm would con-
verge to the global minimum, instead of being trapped to
a local one.

1Evaluation of the methodology was based on the Palisade Evolver soft-
ware, a plug-in for Microsoft Excel that implements Genetic Algorithms
(http://www.palisade.com).
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3) Stopping condition: The algorithm is terminated when the
reduction value becomes less than 0, 01% in the last 10.000
iterations.

4) The population size was set to 500 individuals per gen-
eration, the crossover rate to 0, 9 and the mutation rate
to 0, 01. The operations of crossover and mutation are not
performed for every reproduction, but the probability of
a string to be selected for crossover is proportional to the
string’s fitness. Each operation is assigned to a particular
probability of occurrence or application. The probability
of mutation is always very low, since the primary function
of a mutation operator is to remove the solution from a
local minimum. The probabilities are assigned based on
the characteristics of the problem.

The results of the application of GA for the case studied
provided the following values for the corresponding parameters:

dN1

dt
= N1 (0, 45 − 0, 6N1 − 0, 2N2 − 0, 66N3)

dN2

dt
= N2 (0, 86 − 0, 02N1 − 1, 8N2 − 0, 59N3)

dN3

dt
= N3 (0, 2 − 0, 06N1 − 0, 13N2 − 0, 5N3) . (5)

where, N 1 , N 2 , and N 3 refer to market shares of the three Greek
mobile telephony providers, Vodafone, Cosmote, and Wind,
respectively.

The estimated coefficients of the system provide important
information regarding the process dynamics. The intraspecies
competition parameters are quite high, and their ranking depicts
the dynamics of each competitor, as verified by the correspond-
ing values of the stable point, calculated later in this section.
More specifically, Cosmote has the highest value for both the
growth rate (0,86) and the intraspecies competition parameter
(1,8) for N 2 . This means, since its entry into the Greek market,
it increased its market share at an observably high rate, which
is in perfect accordance with the actual historical values. In
addition, Cosmote seems to have established its market share
based more on Vodafone’s customers rather than on Wind’s
customers. This is reflected by the corresponding parameters,
in the first and third equation, by the value of the parameters
for N 2 (0,2 and 0,13, respectively). Finally, the system’s pa-
rameters provide quite useful information regarding the “churn
effect,” i.e., the movements of subscribers among the providers.
Churn effect for each provider is depicted by the parameters’
values that correspond to interspecies interaction. Thus, Voda-
fone seems to have suffered a greater market share reduction
due to Wind than to Cosmote, while more Wind’s customers
preferred to switch to Cosmote rather than to Vodafone. It is
obvious that such kind of information, derived by the proposed
system, is an extremely helpful input in proceeding to critical
managerial decisions. The earlier findings are validated by cor-
responding marketing studies [52]–[54] conducted for the Greek
market.

TABLE I
CRITICAL POINTS OF THE SYSTEM

V. CASE STUDY RESULTS

A. Estimation Procedure Results

The system described by (5) has eight critical points (or equi-
librium solutions, i.e., the values of Nis for which the derivatives
of system become equal to zero), all located in the nonnegative
octet, as shown in Table I.

As a next step, the eigenvalue analysis is performed, by sub-
stituting the calculated numerical values of the critical points
into (5) and study the behavior of the corresponding system
in the neighborhood of each solution. This is usually achieved
by the means of a phase portrait, a plot of the system’s solu-
tions trajectories, evaluated at a large number of points, and
plotting the tangent vectors of the solution of the system of dif-
ferential equations. The eigenvalue analysis of (5) showed that
the first seven are unstable (the trajectories of solutions depart
from the critical point as the time variable t increases), since
the eigenvalues of the corresponding matrices are of different
sign. Thus, in the derived general solutions, one of the variables
dominates and causes the system to be unbounded and unsta-
ble. On the other hand, the last critical point is stable, since the
eigenvalues are all negative and of multiplicity one. All of the
participating functions of (5) are twice differentiable; therefore,
the system is almost linear in the neighborhood of a critical
point (N 0

1 , N 0
2 , N 0

3 ) and can therefore be approximated by a
corresponding linear system. Approximation can be achieved
by considering the following transformation:

U = N1 − N 0
1 V = N2 − N 0

2 W = N3 − N 0
3 . (6)

Then, the linear system that approximates the nonlinear sys-
tem of (5) near the critical point (N 0

1 , N 0
2 , N 0

3 ) is derived by
using the Jacobian matrix of the partial derivatives (7), as shown
at the bottom of the next page, where

F (N1 , N2 , N3) = N1(0, 45 − 0, 6N1 − 0, 2N2 − 0, 66N3)

G(N1 , N2 , N3) = N2(0, 86 − 0, 02N1 − 1, 8N2 − 0, 59N3)

H(N1 , N2 , N3) = N3(0, 2 − 0, 06N1 − 0, 13N2 − 0, 5N3).

(8)
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Fig. 2. Estimated versus observed market shares, for Provider A.

After performing the necessary calculations, the general so-
lution of the system in (5) is derived as⎛

⎜⎝
U

V

W

⎞
⎟⎠ = c1

⎛
⎜⎝

−0, 17

−0, 98

−0, 04

⎞
⎟⎠ e−0,73t + c2

⎛
⎜⎝

−0, 99

−0, 07

−0, 1

⎞
⎟⎠ e−0,25t

+ c3

⎛
⎜⎝

0, 85

0, 18

−0, 5

⎞
⎟⎠ e−0,1t . (9)

In (9) c1 , c2 , c3 , are arbitrary constants. However, since it is
an initial value problem, substitution of the initial values (the
initially recorded market share values) into the general solution
described by (9) allows calculation of c1 , c2 , c3 providing the
final solution.⎛

⎜⎝
U

V

W

⎞
⎟⎠ =

⎛
⎜⎝

0, 05

0, 29

0, 012

⎞
⎟⎠ e−0,73t +

⎛
⎜⎝

0, 89

−0, 06

0, 09

⎞
⎟⎠ e−0,25t

+

⎛
⎜⎝

−0, 425

−0, 09

0, 25

⎞
⎟⎠ e−0,1t . (10)

After reversing the transformation of (6) and applying the ear-
lier procedure, the constructed model estimates that, for the last
critical point, the three species—market shares (Ni) of mobile
phone providers will eventually settle to equilibrium of about
38% for Vodafone, 40% for Cosmote, and 22% for Wind. Esti-
mation results of the process dynamics are presented in Figs. 2–
4. The results of the benchmark model of [25] are also presented
for comparison reasons. This family of models was developed
aiming to provide an alternative specification of brand-level first
purchase diffusion models and evaluate the success of the mod-
els to explain trial dynamics. The analysis addressed the issues
of the impact of competitive marketing mix variables and the
functional form of the diffusion process. The mathematical for-

Fig. 3. Estimated versus observed market shares, for Provider B.

Fig. 4. Estimated versus observed market shares, for Provider C.

mulation that describes the diffusion of brand i in the context of
competition is given by

dNi =
[
ai + bi

(
xi

Mi

)
+

ci (x − xi)
(M − xi)

]
(Mi − xi) (11)

where ai , bi represent the external influence coefficient of brand
i, respectively, M is the total potential number of adopters, Mi is
the potential number of adopters of brand i, x is the total category
adopters, and ci is the competitive internal influence coefficient
of brand i. Although this model manages to quite adequately
describe the competitive process of diffusion, it requires the
estimation of a larger number of parameters than the proposed
one. Given the usually restricted availability of observations,
a model that incorporates fewer parameters in its formulation,
with no loss of information, is always preferred. In addition,
the benchmark model requires a two-step estimation procedure.
As a first step, the market potentials Mi have to be estimated
and, after that, the rest diffusion parameters. Due to the over
parameterization of the model certain issues could be raised,
related to the lack of convergence.

The accuracy of estimations was based on the calculation
of MSE and mean absolute percentage error (MAPE). These,
together with the values of the coefficient of determination (R2),

∂

∂t

⎛
⎜⎝

U

V

W

⎞
⎟⎠ =

⎛
⎜⎝

FN1 (N
0
1 , N 0

2 , N 0
3 ) FN2 (N

0
1 , N 0

2 , N 0
3 ) FN3 (N

0
1 , N 0

2 , N 0
3 )

GN1 (N
0
1 , N 0

2 , N 0
3 ) GN2 (N

0
1 , N 0

2 , N 0
3 ) GN3 (N

0
1 , N 0

2 , N 0
3 )

HN1 (N
0
1 , N 0

2 , N 0
3 ) HN2 (N

0
1 , N 0

2 , N 0
3 ) HN3 (N

0
1 , N 0

2 , N 0
3 )

⎞
⎟⎠

⎛
⎜⎝

U

V

W

⎞
⎟⎠ (7)
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TABLE II
MEASURES OF ACCURACY ESTIMATION

Fig. 5. Estimated evolution of mobile telephony market.

for both the proposed and the benchmark model, are given in
Table II, for both evaluated models.

As observed by the calculated values, both models are able to
accurately describe the market evolution process, although the
proposed Lotka–Volterra model provides better results than the
ones of the corresponding benchmark.

As indicated by the corresponding statistical measures of
Table II, estimation of market shares is quite accurate and it
manages to capture market concentration at an early point of
time. The evolution of the market, based on the estimated values
derived earlier, for the Lotka–Volterra model, is illustrated in
Fig. 5.

As observed, after year 2001 providers’ market shares evolve
almost constantly, indicating that the market is becoming stable.
This finding can be explained by the results provided by [55],
where a firm’s type and time of response to the competitors’
marketing efforts are studied. As analyzed there and in accor-
dance with the evaluated case results, the introduction of a new
product in oligopolistic markets, or a new pricing scheme, poses
a threat to competitors, which are more likely to react faster and
more aggressively. When facing only a few competitors, highly
interdependent firms are constantly monitoring the competition,
which along with monitoring and competitive awareness enables
them to react quickly. This is also in full agreement with the
proposition that the relationship between market performance,
such as product sales and marketing efforts, is influenced by
interaction mechanisms [56].

Fig. 6. Phase portrait of dynamic system based on random initial market
shares. All trajectories tend to the stable critical point.

B. System Stability Testing

In order to test the stability of the system of (9) at the spe-
cific critical point, a phase diagram is constructed and plotted,
as shown in Fig. 6, based on different initial values for mar-
ket shares. As observed, whatever the initial conditions are, all
trajectories converge to the estimated critical point.

VI. FORECASTING ABILITY TEST

Testing of the proposed model’s forecasting ability was based
on using a portion of the dataset as a holdback sample and the re-
maining data for training the model, in order to forecast the val-
ues that were held back. More specifically, the historical dataset
was split into two parts, the “training” and the “holdback” data.
The former was used to train the model and estimate its parame-
ters, whereas the latter was used to compare the actual recorded
values with the ones provided by the model as forecasts. The
training data refer to years from 1998 to 2002, leaving the rest
years from 2003 to 2006 as the holdback sample for testing pur-
poses. Once again, the parameters of the system described by
(2) were estimated by applying GAs over the training dataset.
There are again eight critical points, seven of which proved un-
stable, according to eigenvalue analysis. Only the eighth was
stable, corresponding to market shares of 39% for Vodafone,
39% for Cosmote, and 22% for Wind. As observed, the stable
critical point calculated over the training data is very close to
the one calculated over the whole sample. It can be therefore
derived that the system followed the trajectory to the global
stable point quite early, and that the proposed system was able
to capture the corresponding dynamics quite accurately. After
performing the necessary calculations, the corresponding model
was constructed and the estimation and forecasting results are
illustrated in Figs. 7–9. Obviously, if the system was evaluated
in year 2002, the future values of the market shares would have
been quite accurately predicted. The benchmark model is also
used for comparison reasons.

The measures of accuracy for both the proposed and the
benchmark model are calculated and presented in Table III.
As observed, the proposed model provides observably more
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Fig. 7. Forecasted market shares for Provider A, based on training data (years
1998–2002).

Fig. 8. Forecasted market shares for Provider B, based on training data (years
1998–2002).

Fig. 9. Forecasted market shares for Provider C, based on training data (years
1998–2002).

TABLE III
MEASURES OF FORECASTING ACCURACY FOR PROPOSED

AND BENCHMARK MODEL

accurate results, as derived by the values of MSE, MAPE, and
R2 .

VII. CONCLUSION

The work presented in this paper proposed an alternative
methodology for the estimation and forecasting of telecommu-
nication market’s concentration, based on concepts of popula-
tion dynamics and ecological modeling. The main assumption
was to consider market providers as interacting species compet-
ing for a common source, the market itself, and consequently
study the dynamics of the constructed system. Evaluation of
the model provided results, showing that the system can quite
accurately estimate the trajectory leading to stable points. In ad-
dition, the methodology’s forecasting ability was tested proving
capable of capturing, quite precisely and rather early in time,
the dynamics of the interaction among providers.

Future work directions include the development of suitable
methodologies, based on the other approaches of Lotka–Volterra
model, in order to comprehensively study the different aspects
of the telecommunication market. Moreover, the performance
of the proposed methodology should be evaluated over other
high-technology market that imposes the same characteristics
with the telecommunications market, such as entry barriers.

Among the extensions of the proposed methodology is the
incorporation of marketing mix variables, such as price and ad-
vertising efforts, in order to examine their influence over the
competitive behavior of the market and over the diffusion pro-
cess as well. This is the major limitation of the presented work,
since competition was considered at a macro level, assuming
that the influence of these factors is reflected by the correspond-
ing market shares.

Another important direction to be implemented as future work
is the computation of prediction intervals, in order to estimate the
uncertainties that usually accompany the deterministic modeling
formulations, caused mainly by the rapidly changing environ-
mental socioeconomic factors. These affect the diffusion char-
acteristics by adding randomness on the adoption pattern [57].
Incorporation of stochastic terms into the corresponding mod-
els will provide a set of possible situations of the process, at
each point of time. Obviously, no matter how sophisticated a
deterministic model can be, it cannot include all the factors that
possibly affect the process and since many of the external pa-
rameters are random by their nature, they cannot be accurately
estimated and used for forecasting purposes. Randomness can
be introduced by assuming that either the parameters of an
aggregate diffusion model follow a stationary stochastic pro-
cess [58] or that the future remaining growth of the underlying
process is not known with certainty but is modeled using an
appropriate stochastic process by an Ito’s stochastic differen-
tial equation, taking into account the internal and/or external
fluctuations [59].
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