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Abstract
Local network effect is the phenomenon that the utility of each consumer is affected
by the groups of neighbor consumers. This paper presents a multi-agent based model
to describe the behavior of consumers, and to analyze both the diffusion pattern of new
products and competition of homogenous ones. This study has shown that in the small
world network constituted by heterogeneous consumers the diffusion of new products
can be characterized by a logistic curve. Moreover, lock-in effect emerges in
competition market, and critical scale (startup cost) exists in the lock-in process, a scale
threshold the firm has to reach if it aims to dominate the market. The critical scale and
the interaction between consumers have presented negative correlation, the stronger the
interaction is, the smaller the critical scale is needed. This study has strengthened our
comprehension of local network effect and diffusion process.
Key words: Local network effect, multi-agent model, lock-in effect, startup cost
1. Introduction
The diffusion of new products is the process in which consumers accept them
gradually through time, the pattern of which describes the relationship between the
proportion of purchasing and time. The diffusion pattern can offer guidance on price
fixing, advertising spending, and marketing for firms. The research papers of Watts[1]
and Barabasi[2] in 1988 and 1999 respectively set off an upsurge in studying complex
networks, and meanwhile, researchers began to look into the diffusion problem from
the prospective of complex networks, for example, they turned attention to the
competitive behavior between firms under the frame of dynamics on complex
networks[3,4]. The theory of network effect comes with the information and
communication technology revolution, which can be divided into global network effect
and local network effect according to the scale of effects. To be more specific, global
network effect describes how the total number of acceptors of new products influences
the utility of new acceptors, however, local network effect describes how the local
interactions influence the utility of them[5]. This paper focuses on the diffusion and the
competition pattern under the framework of complex networks, in which the
consumption of individuals follows a hierarchical structure. Furthermore, the
relationship between the interactions and the startup cost is considered.
The diffusion of new products has been a significant problem in the field of
economics, management and social science. The current studies focus on three aspects,
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namely macro-diffusion model, micro-diffusion model and diffusion model based on
complex networks.
Macro-diffusion model generally assumes that individuals are independent and
homogeneous, the major concern of which is the pattern and the velocity, that is to say,
for each individual, the diffusion process is identical and independent. As a
consequence, this process in the macro level can be depicted by differential equations[6].
Nevertheless, this model can only explain the macro phenomenon, but overlooks both
the characteristics of individuals, such as preference heterogeneity, and the interactions
between them in the micro level, especially when those interactions play a key role in
the diffusion process, analysis based on such model is not enough to be convincing.
Micro-diffusion model mainly cares about the scale of diffusion, taking that there
exist interactions between individuals in social system as the premise. One of those
models is based on game theory, which announces that the diffusion is realized by
strategic interactions between individuals[7]. Another model focuses on the
psychological reaction and behavioral characteristics of consumers, for example, word
of mouth, snob effect and bandwagon effect[7]. In addition, since individual
heterogeneity and prospective behavior are considered, there could be no chances that
the acceptance probability of new products is the same for all consumers, and thus it is
necessary to build the diffusion model from the individual prospective, whose basic
principle relies on the individual decision-making mechanism, and then the general
macro diffusion results are to be obtained[8].
With the development of complex network theory, it offers a theoretical
framework describing how the micro agent behavior transits to the systematic macro
behavior. From then on, researchers started to expand the diffusion model with the
method of complex networks. Gaston and Jardins(2005) analyzed the diffusion of new
products in regular network, random network, small-world network and scale-free
network, and they concluded that products spread fastest in scale-free network[9].
Hanool choi(2010) also discussed how the network structure and network effect affect
the diffusion process[8].
It is universally acknowledged that the earliest research on network effect is
undertaken by Rohlfs[11], according to whom Artle and Averours[12] firstly studied the
interdependence from the prospective of telephone service consumption. In their model,
they set the margin utility that communication service brings to each consumer as a
function of the total number of consumers, and they raised a dynamic model to prove
that the interdependent communication demand could sustain the increase of
communication service. Moreover, network effect has been validated in a large number
of markets until now, including electronic products, magazines, Yellow Pages,
television, SNS, E-commerce websites. For instance, Gandal and Greenstein analyzed
the bilateral positive feedback effect of various components in competitive computer
systems with the VAR method in 2009[13]. And in 2010, Gandal, et al. studied network
effect in the diffusion process of hardware and software system[14]. Besides, Katz,
Shapiro, Farrell and Saloner, et al. have drawn conclusions that network effect market
presented different features from other markets taking consumers’ rational expectations
as an assumption, specifically, two equilibriums emerged separately under the

circumstances where the number of consumers is zero and larger than zero; startup
problem needed to be considered in the network analysis, only if it reaches the critical
volume it can survive. The non-uniqueness of equilibrium and the existence of critical
volume make the market lean to one side, meaning that only one network monopolizes
the market. In the 1990s, startup problem, market failure and “leaned to one side” are
still the major concern in the literatures[15]. Generally speaking, the current studies
almost pay attention to direct and indirect network effect, among which empirical work
constitutes the majority, and little research is done to interpret the mechanism of
network effect. Additionally, all of the empirical work has one thing in common: it
validated the network effect of long-standing products, however, it would be of more
value to examine the leading-in products.
Recent studies concerning network effect indicate that individual decision making
would be affected by social networks[16-18]. Provided that interactions in micro level can
not be neglected, high ratio of acceptance of neighbors would lead to high utility of one
certain consumer’s acceptance[19-20]. So as to apply the complex network method, multiagent based modelling is introduced to approach the competition pattern with network
effect in the field of computer science, where individual utility function is built,
considering learning evolution and expectation adjustment, through which behavior
mechanism is set in the micro level[21].
As suggested above, further research on diffusion of new products from the
prospective of complex networks and theoretical studies on local network effect should
both be well developed. And also, description of individuals in micro level can be
dressed from different points of view, for example, this paper would depict individuals’
consumption behavior based on the relationship between their income and demand. As
previous research has provided mature foundations, this paper aims to answer the
question how the diffusion pattern and lock-in effect come into being in a competition
market, and what would affect the startup cost.
2. Modelling
This paper analyzes the diffusion pattern and the competitive behavior of new
products by focusing on consumer individuals, and considering their interactions
simultaneously. In this model, we presents the diffusion process of a single product as
well as the competition process in a two-product market. As for the monopoly products,
we discover that the lock-in effect appears and we also explore the relationship between
the startup cost and interactions between individuals. With the method of multi-agent
based modelling and complex network analysis, we assume that the social system
constitutes a small world network where the consumption of individuals follow the
hierarchical structure[22], and the total income presents an exponential increase.
This paper takes consumers as nodes in the social networks, constituting a small
world, which can be generated with the “NW” method (adding edges with a certain
probability)[25]. Steps are as follows:
①Build a regular network. Each node is connected with the nearest neighbor nodes.
②Add edges with a certain probability. Set a probability 𝑝, and then choose two
nodes randomly, if these two nodes are not connected, link them with the probability

𝑝. Repeat the operations above till all nodes are traversed.
As Maslow stated that human needs could be divided into five levels, namely
physiological needs, safety needs, love and belonging, esteem and self-actualization,
these five levels of needs arrange in order from lowest to highest, shaping as a pyramidlike hierarchical structure[23],
see fig.1. Briefly speaking,
self-actualization
only when one person fulfills
his physiological needs, will he
esteem
have the motivation to satisfy
higher-level and more social
love and belonging
needs.
safety needs
On the basis of the
hypothesis of hierarchy of
physiological needs
needs, we assume that the new
product we concern is located
on a certain hierarchy. As for
Fig.1
each consumer, the same
product stands on different levels. Considering income mechanism, we assume that the
income growth rate of each consumer is in no relation to the scale of income, and
independent from each other, under which circumstances, the total income has
presented exponential growth trend[24]. Only if the consumer’s income has exceeded
the critical value, he or she would purchase the product. In other words, when the new
product steps into the market, evaluation is initially done by each consumer, deciding
which hierarchical level the product stands on, and then critical income value is set. We
would give an example to display how the hierarchical structure affects the willingness
of consumers. As shown in fig.2 and fig.3, it shows the hierarchical structure of one
consumer, in which the dashed line shows where the new product stands in such
structure and the blue shade shows the income level of the consumer. Under the
circumstance of fig.2, the income is not enough to overtake the critical income to
purchase the product, however, the income level in fig.3 is higher than the critical value,
so at this point, the consumer would have the motivation the purchase the product.

income
The level of
the product
income
Fig.2

Fig.3

In mathematics, the income of consumers can be described as follows:
𝑌𝑖,𝑡 = (1 + 𝛿𝑖 )𝑌𝑖,𝑡−1
（1）
In equation(1), 𝑌𝑖,𝑡 represents the income of consumer 𝑖 at time step 𝑡 , 𝛿𝑖
represents the income growth rate of consumer 𝑖.
Since we take heterogeneity of individuals into account, the critical income
necessary for the same product to different consumers is never the same. As for product
𝐴, the consumption behavior can be described in mathematics as follows:
𝑉𝐴𝑖 = {

0,
1,

𝑌𝑖 < 𝑐𝐴𝑖
𝑌𝑖 ≥ 𝑐𝐴𝑖

（2）

In equation(2), 𝑉𝐴𝑖 represents of consuming state of consumer 𝑖 to product 𝐴,
specifically speaking, 𝑉𝐴𝑖 = 1 indicates that the consumer 𝑖 has purchased product
𝐴 , 𝑉𝐴𝑖 = 0 indicates that the consumer 𝑖 has not purchased product 𝐴
correspondingly. 𝑌𝑖 represents the income of consumer 𝑖. 𝑐𝐴𝑖 represents the critical
income necessary for product 𝐴 to consumer 𝑖.
This paper focuses on the situation where product 𝐴 and product 𝐵 competes
with each other. So as to simplify the problem, we assume that the two products are
identical, meaning that as for each consumer 𝑖, we have 𝑐𝐴𝑖 = 𝑐𝐵𝑖 . Also, the behavior
of consumer 𝑖 purchasing product 𝐵 can be described as 𝑉𝐵𝑖 = 1 in the same way
as 𝑉𝐴𝑖 = 1. When 𝑌𝑖 ≥ 𝑐𝐴𝑖 or 𝑌𝑖 ≥ 𝑐𝐵𝑖 , consumer 𝑖 would face the choice of which
product to purchase, and then the numbers of friends who have purchased product 𝐴
and product 𝐵 are both calculated respectively. The simulation behavior of consumer
𝑖 can be depicted as follows:
−

0.5 + 0.5 × 𝒆

𝜷
,
(𝑵𝑨 −𝑵𝑩 )

𝑵𝑨 >𝑵𝑩

𝜷
,
(𝑵𝑩 −𝑵𝑨 )

𝑵𝑨 ≤𝑵𝑩

（3）

𝑃𝐴 =
−

{

0.5 − 0.5 × 𝒆

In equation(3), 𝑃𝐴 represents the probability of consumer individual purchasing
product 𝐴 by simulating his or her “friends”, 𝑁𝐴 and 𝑁𝐵 represent the number of
friends who have purchased product 𝐴 and 𝐵 respectively, and 𝛽 is the rational
factor which measures the rational level of the consumers’ system. In order to display
the consumers’ behavior qualitatively, we have fig.4 showing the relationship of 𝑃𝐴
and (𝑁𝐴 − 𝑁𝐵 ). Obviously, 𝑃𝐴 is set between 0 and 1. And also, in some certain
circumstance such as 𝑁𝐴 − 𝑁𝐵 = 0 , we have 𝑃𝐴 = 0.5 , here we suppose that
consumers choose between 𝐴 and 𝐵 randomly. While 𝑁𝐴 ≫ 𝑁𝐵 , we have 𝑃𝐴 = 1,
here we suppose that consumers are sure to purchase product 𝐴. On the contrary when
𝑁𝐴 ≪ 𝑁𝐵 , we have 𝑃𝐴 = 0 but 𝑃𝐵 = 1, here we suppose that consumers are sure to
purchase product 𝐵 . In most cases, when 𝑁𝐴 < 𝑁𝐵 , we have 𝑃𝐴 = 0.5 − 0.5 ×
𝑒

−

𝛽
(𝑁𝐵 −𝑁𝐴 )

, in which as (𝑁𝐴 − 𝑁𝐵 ) increases, so does 𝑃𝐴 ; when 𝑁𝐴 > 𝑁𝐵 , we have

𝑃𝐴 = 0.5 + 0.5 × 𝑒

−

𝛽
(𝑁𝐴 −𝑁𝐵 )

, in which as (𝑁𝐴 − 𝑁𝐵 ) increases, so does 𝑃𝐴 likewise.

Thus it can be seen that such assumptions can depict how the consumers’ behavior
changes as their friends alter their choices.

𝑃𝐴
1

0.5

0

𝑁𝐴 − 𝑁𝐵

Fig.4

The flow diagram of this model is given as fig.5. We simulate such process by
matlab, the indications and values of parameters mentioned are given in table.1. What
needs to be emphasize is that we assume that the initial incomes of all consumers follow
a power law distribution; the growth rates of income follow a normal distribution; the
critical income values follow a uniform distribution.
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Table.1
Parameters of
network

Parameters of initial
income distribution

Parameters of
income growth rate
distribution
Parameters of
critical income
distribution
Parameters of
process

parameter

symbol

value

Number of nodes

𝑁

1000

Initial degree

𝐾

10

Probability of adding
edges

𝑝

0.01

Minimum value of
initial incomes

𝑌𝑚𝑖𝑛

100

Power law exponential
of initial incomes

𝛼

3

Average of income
growth rates

𝜇

0.005

Deviation of income
growth rates

𝜎

0.001

Minimum of critical
incomes

𝑎

𝑌𝑚𝑖𝑛

Maximum of critical
incomes

𝑏

𝑌𝑚𝑎𝑥

Time step

𝑇

1000

3. Results
In the case stated above, we simulate the diffusion process in a one-product market,
results are given in fig.6 where the horizontal axis represents time steps while the
vertical axis represents the sales volume of this product. It can be safely concluded that
logistic pattern emerges as the new product steps into the market, showing that the sale
volume grows slowly at the beginning, and then moves to an explosion, reaches a steady
saturation in the end.

Fig.6

Take the conclusions above as the foundation of further studies, we simulate the
competition process in a two-product market, results are given in fig.7 and fig.8.
Obviously, those display two different results of competition between product 𝐴 and
𝐵 respectively. In fig.7, logistic growing pattern can be discovered both in product 𝐴
and 𝐵, and they survive in the economic system in the end, sharing the same market
capacity. However, as shown in fig.8, at the beginning, the sales volumes of both
product 𝐴 and 𝐵 grow very slowly, and then the sales volume of product 𝐵 starts to
be significantly higher than 𝐴 from some point on. Once the difference between those
sales volumes reaches a certain value, product 𝐵 diffusates rapidly, but product 𝐴 is
not able to turn such situation around so it withdraws from the market gradually. Hence,
such result as product 𝐵 wins in the market is named as the lock-in effect of 𝐵. Since
the only difference of fig.7 and fig.8 is the value of 𝛽, which measures the rational
level of consumers’ system, in particular, 𝛽 = 10 in the situation of fig.7, while 𝛽 =
0.1 in the situation of fig.8. Consequently, conclusions can be made that as 𝛽
increases, the rational level increases, and the simulation tendency decreases, that is to
say, network effect play a more minor role in the decision making of consumers.
Moreover, it is indicated that the lock-in effect comes into being as a result of the
interactions between consumers, and roughly we may see that the stronger the
interactions are, the stronger the lock-in effect is. According to the conclusions in
literature [15], there exists a startup cost for firms entering the market, only when firms
reach the critical scale it has chances to survive, which is further validated in fig.8. Next,
we would answer the question how much the critical scale is, and what might influence
it.

Fig.7

In order to work out the two questions remained, we step further based on the
simulation process and plenty of calculations are made. As shown in fig.9, the
horizontal axis represents time step, while the vertical axis represents the change rate
of differences in sales volume of both products, from which we can see that the
differences in sales volume fluctuate wildly around zero before time step of 500 roughly,
after that the differences almost lie beyond zero, meaning that one certain product
dominates the market. And therefore, we can distinguish the separating point where the

winner product starts to step into the pathway of domination, and the startup cost can
be calculated correspondingly. Given a rational level 𝛽, we can calculate the average
startup cost through plenty of trials. As shown in fig.10, we take rational level 𝛽 as
the horizontal axis, the average startup cost as the vertical axis, it displays the
relationship between startup cost and rational level of consumers system. Specifically
speaking, as the simulation tendency of consumers increases, the local network effect
becomes stronger, and the startup cost presents a rising tendency.

Fig.8

Fig.9

Fig.10

4. Discussion
With the method of complex network theory, this paper discusses local network
effect in the micro level, also, hypothesis of hierarchical structure is applied to the
behavior mechanism compared with previous studies. Multi-agent based modelling and
computer simulation is used in the analysis of both diffusion and competition process
of new products. Conclusions can be summarized as follows:
①Logistic growth pattern emerges when new products enter the market.
②The final result of competition is relative to the strength of interactions between
consumers. If the interactions are stronger, it would be more likely for a certain product
to present a lock-in effect.
③The lock-in effect is caused by those interactions, and the critical scale(startup
cost) exists in the lock-in process.
④The startup cost is influenced by the intensity level of interactions, the stronger
the interactions are, the smaller the startup cost is needed.
This paper has strengthened our comprehension about network effect, and can also
help expand studies on diffusion problem. Future studies might as well consider the
influence of network structure, for example, how the diffusion process would differ as
well as the lock-in effect and the startup cost in various network structures.
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