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Abstract

We introduce an agent-based model for the spreading of
technological developments in socio-economic systems where
the technology is mainly used for the collaboration/interaction
of agents. Agents use products of different technologies to col-
laborate with each other which induce costs proportional to the
difference of technological levels. Additional costs arise when
technologies of different providers are used. Agents can adopt
technologies and providers of their interacting partners in order
to reduce their costs leading to microscopic rearrangements of
the system. Analytical calculations and computer simulations
revealed that starting from a random configuration of different
technological levels a complex time evolution emerges where
the spreading of advanced technologies and the overall techno-
logical progress of the system are determined by the amount
of advantages more advanced technologies provide, and by the
structure of the social environment of agents. When technolog-
ical progress arises, the spreading of technologies in the system
can be described by extreme order statistics.

I. Introduction

Recently, the application of statistical physics and of the theory of critical
phenomena provided novel insight into the dynamics of socio-economic sys-
tems [1, 2, 3, 4, 5, 6]. Various types of models have been developed which
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capture important aspects of the emergence of communities [1], opinion
spreading [2, 3, 4, 5] or the evolution of financial data [7]. The dynamics of
innovation and the spreading of new technological achievements show also
interesting analogies to complex physical systems.

Technological evolution of socio-economic systems has two major com-
ponents: (i) Innovation: New products, ideas, paradigms emerge as a re-
sult of innovations which are then tested by the market. (ii) Spreading:
Successful technologies spread over the system resulting in an overall tech-
nological progress. In the present project we study the spreading of new
technological achievements, searching for the conditions of technological
development. In a socio-economic system different level technologies may
coexist and compete as a result of which certain technologies proliferate
while others disappear from the system. One of the key components of
the spreading of successful technologies is the copying, i.e. members of the
system adopt technologies used by other individuals according to certain
decision mechanisms. Decision making is usually based on a cost-benefit
balance so that a technology gets adopted by a large number of individuals
if the upgrading provides enough benefits. The gradual adaptation of high
level technologies leads to spreading of technologies and an overall techno-
logical progress of the socio-economic system. We proposed an agent based
model for the spreading process of such technologies in which the interac-
tion of individuals plays a crucial role. In the following we briefly present
our agent based model for the spreading of technological achievements and
summarize the main analytical and numerical results [8].

II. Agent based model for the spreading of technologies

In the model we represent the socio-economic system by a set of agents
which posses products of different technological levels and use it to cooper-
ate with each other. Thinking in terms of telecommunication technologies,
agents are characterized by two variables: the technological level of the
product an agent has (the technological level of the device the agent uses
for communication) is described by a real variable τ such that a larger value
of τ stands for more advanced technologies. New technologies developed
by the producers reach the agents through providers. For simplicity, we
assume that there are at most two providers active in the system and each
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agent belongs to one of them. The provider of agents is characterized by
an integer variable S which can take two different values S = {−1, 1} [8].

The agents are assumed to cooperate with their social partners which
is the easiest if the partners have products of the same technological level.
Using technologies of different level can induce difficulties which may be
realized by additional costs. It is reasonable to assume that the cost C
induced by the collaboration of agents i and j is a monotonous function of
the difference of the technological levels |τi − τj|. For the purpose of the
explicit mathematical analysis we consider the simplest functional form and
cast the cost of cooperation into the following form

C(i → j) = a|τi − τj| +
1

2
∆(1 − SiSj). (1)

The equation expresses that being at different technological levels (having
different τ values) incurs cost, the higher the difference in τ the higher the
costs, while being at the same technological level is cost-free. This crude
assumption models a socio-economic system which favors the local commu-
nities to be at the same technological level. The value of the multiplication
factor a has to be chosen to capture the effect that in case of different
technological levels it is favorable for agents to be on a higher technological
level than their interacting partners. It follows that the value of a should
depend on the relative technological level of the agents with the condition

a =

{

a1, if τi > τj

a2, if τi < τj
where a1 < a2. (2)

The condition a1 < a2 implies that being on a higher technological level,
i.e. being more advanced than the surroundings τi > τj, can lower the
costs compared to the opposite case. The second term of Eq. (1) takes
into account that the cooperation of agents belonging to different providers
implies additional expenses. We assume that this cost does not depend
on the technological levels by setting ∆ > 0 to a constant value. In the
above equations C(i → j) defines the cost of agent i arising due to the
cooperation with agent j and this is not equal to the cost of agent j, i.e.

C(i → j) 6= C(j → i).

If agent i has n collaborating partners with technological levels τ1,τ2 ,. . .
,τn, the total cost of its collaboration can be obtained by summing up the
cost function Eq. (1) over all connections C(i) =

∑n
j=1

C(i → j).
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Figure 1: Evolution of cellular automata at different values of r = a2/a1: r=1.0,
2.0, 4.0 for the upper, middle and lower rows, respectively. Agents are organized on
a square lattice with uniformly distributed technological levels between 0 and 1 in
the initial state. Snapshots were taken at the same times in the rows: t = 1, 2, 4, 15
from left to right. The color code illustrates the technological level of single agents.

The agents can change their technological levels with the aim to mini-
mize their total costs C(i) under the conditions set by their social environ-
ment. Agents reject their low level technologies and copy/adopt the more
advanced ones of other agents in order to minimize their costs. We call
this microscopic mechanism rejection-adaptation which may also improve
the global technological level of the system. The time evolution of the
system proceeds as follows: at time t the communication of agent i with
technological level τ t

i and provider St
i incurs the total cost Ct(i). At time

t + 1 the agent can either keep its technological level or can take over the
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τ and S values of one of its social partners, τ t+1

i ∈ {τ t
i , τ

t
1, τ

t
2, . . . , τ

t
n} and

St+1

i ∈ {St
i , S

t
1, S

t
2, . . . , S

t
n}. The possibility which is actually realized is the

choice that minimizes the total cost

Ct+1(i) = min{C(τ ∈ {τ t
i , τ

t
1, τ

t
2, . . . , τ

t
n}, S ∈ {St

i , S
t
1, S

t
2, . . . , S

t
n})}. (3)

Based on this dynamics the time evolution can be followed by computer
simulation treating the system as a cellular automaton, i.e., the dynamics
Eq. (3) is evaluated for each agent at the same time (parallel dynamics) un-
der the neighborhood conditions set by the structure of the socio-economic
environment. The above dynamics results in a rather complex time evolu-
tion of the system during which certain technologies disappear while others
survive and spread over the system. In the framework of the project we
analyzed the time evolution of the system on the micro and macro level by
varying the parameters a1, a2, ∆ and the topology of the social environment
of agents [8].

III. Results and Discussion

Analytic solutions in the mean field limit showed that the precise value of
the multiplication factors a1 and a2 of the cost function is irrelevant, instead
their ratio r = a2/a1, i.e. the advantage provided by the more advanced
technology, determines the overall evolution of the system. Similarly, in a
finite community of n agents with technological levels τ1 < τ2 < . . . < τn

communicating with each other the decision of agents is only determined
by r, namely, the ith largest technological level is adopted τ∗ = τi when r
falls in the interval

i − 1

n − i + 1
< r <

i

n − i
for 1 ≤ i < n, (4)

n − 1 < r for i = n. (5)

The most advanced technology τ∗ = τn of the available ones is adopted
only if r exceeds the number of interacting partners r > n − 1. Of course,
the actual value of τ∗ is not determined by the above equations, so that in
a system composed of a large number of local communities of agents with
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Figure 2: Distribution pt of the technological level τ t

i
of agents at different time

values t during the evolution of the system. Simulations were performed on a
square lattice of size L = 1000. For r = 2 (a) and r = 4 (b), the distribution takes
an asymmetric form with an increasing average and decreasing standard deviation.
In the continuous lines show the corresponding analytic solutions.

randomly distributed τ values a complex time evolution emerges, which is
locally governed by Eqs. (4,5).

We showed by computer simulations that starting from a random distri-
bution of technologies, agents tend to form clusters of equal technological
levels [8]. If higher level technologies provide advantages for agents r > 1,
the system evolves to a homogeneous state but clusters show a power law
size distribution for intermediate times. The clustering of agents and time
evolution of technological levels is demonstrated in Fig. 1.

We demonstrated by analytic calculations that the redistribution of tech-
nological levels over the agents involves extreme order statistics leading to
an overall technological progress of the system. Figure 2 illustrates how the
probability distribution pt(τ) of technological levels τ evolves with increas-
ing time t. It can be seen that the analytic calculations with extreme order
statistics are in an excellent agreement with the numerical results [8]. The
presence of providers proved to play a substantial role in the time evolution.
The competition of providers seems to make the system more sensitive to
advantages provided by the higher level technologies and can lead to ad-
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Figure 3: (right) The asymptotic value τ∗ of the average technological level of
the system attained after long time evolution as a function of r. The analytic
solutions are presented for the mean field limit and for the square lattice in the
case of a single provider ∆ = 0. When two providers are present in the system
∆ > 0 the competition leads to a more advanced technological level.

ditional technological progress by forcing the agents to select locally the
more advanced technology (see Fig. 3).

Our analytical calculations and simulations revealed that the topology of
social contacts of agents plays a significant role in the spreading of telecom-
munication technologies. To make the model more realistic we considered
networks of agents with small-world and scale-free properties [9, 10]. Based
on computer simulations we show that a complex system of a large number
of local communities is more favorable for the spreading of telecommunica-
tion technologies than a fully interconnected one. We also showed that the
competition of providers makes the system more sensitive to advantages
provided by more advanced technologies making them more successful on
the market [8].

It is important to note that our model captures some of the key aspects
of the spreading of telecommunication technologies, where for instance mo-
bile phones of different technological levels are used by agents to communi-
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cate/interact with each other. In this case, for example, the incompatibility
of MMS-capable mobile phones with the older SMS ones may motivate the
owner to reject or adopt the dominating technology in his social neigh-
borhood by taking into account the offers of providers of the interacting
partners [8].
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