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Abstract

The article explores structure emergence of regional complex network of entrepreneurs, by proposing an integrated detection
framework of community structure and its evolution based on social capital theory and complex network approach. Simulation of
network dynamics, detection of community structure and tracing of network structure changes are integrated to investigate structure
emergence and its link with entrepreneurs” social capital. And the article gives an experimental case about the emergence of stable
network structure among a group of college student start-ups. Simulation result using the framework proposed by the article fits with
actual network evolution traced in tracing program. The framework is effective and useful in explaining structure emergence of

regional complex network of entrepreneurs.
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1 Introduction

Complex network of dynamical elements, such as internet,
transportation network and social network, serve as natural
models for a variety of complex systems [1]. In recent
decade, the approach of complex network offers many
insights for many physical or social phenomenons. In
business arena, Complex network also provide the
infrastructure upon which modern economics and regional
business system depend [2]. Regional business system,
with example ranging from inter-firm network, interlock of
board directors, supply chains network to social network of
entrepreneurs, are explored in literatures of business and
strategy research. The complex network of entrepreneurs is
tightly connected with the development and functioning of
regional business system. In occasions of many developing
countries, regional business system is operating under
supporting of the complex network of entrepreneurs.

The traditional wisdoms of sociological theory and
modern management theory consider social capital as vital
variable in emergence of regional business network [2].
Social capital represents an important social resource
tightly connected with social structure or social position
within which an actor is located [3]. Entrepreneur’s social
capital is important for the emergence of regional business
network and its functioning [4]. In early stage of start-up,
entrepreneurs, especial young college student entrepre-
neurs, have to cultivate social capital to get connection
with existing business network. Access to regional
complex network of entrepreneurs is crucial for to gaining
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beneficial network resources for these young entrepre-
neurs. The complex network of entrepreneurs is in
dynamics, continuously reshaped by active social inter-
actions of entrepreneurs with high level social capital. In
most of case, community structure of regional complex
network of entrepreneurs tends to keep stable after
emergence. Network structure can emerge and evolve in
various ways. In the article, community structure is add-
ressed. Community structure is found to be a common
characteristic in many studies of network, such as
computer and information network, biological network and
business network, along with small world property, heavy-
tailed degree distribution and clustering [5]. More efforts
should be made to shed light to links between entre-
preneur’s social capital and structure emergence of
regional business network. The purpose of the article is to
propose a new framework to tracing and detecting
emergence of community structure of regional business
network, and provide a new instrument for simulation and
positive research. In doing so, the article particularly
observed structure emergence within a group of college
student entrepreneurs in an experimental case.

The remainder of this article is organized as follows.
Section 2 defines structure emergence as a stable states in
network dynamics. Section 3 proposed a network genera-
ting method, in which social capital is transferred into a
crucial input. Section 4 introduces new method of detec-
ting community structure in stale state. Section 5 describe
an experimental case about network emergence.
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2 Structure emergences in network dynamics

Structure emergence is a new steady state in network
dynamics, which the network system reaches following a
serial of social exchange rules. In a stable state of network
dynamics, its major community structure would be lasting
before the state is devastated. In a community, there are a
group of individuals that is interconnected with each
others. This community, which is also called as full coup-
ling network or clique in complex network theory, is
important structural aspects of realities of all kinds of
social network. To describe network dynamic, denote a
time-varying triple as following:

Wi(t) = ING®.EQ®, ft:R] (1)

In which, W&} is a dynamic network varying with
time, N(t) and E(t} are respectively a set of nodes and a
set of edges, f(t} is a mapping function that defines the
network shape by mapping edge set to node pairs. fit)
plays a role like relational matrix in social network
analysis. And denote t =0 is the initial state. Denote
network dynamics by a multi-local rule of the regular
geometric T as following:

Wt + 1) = T{w@®.s®3 )

Where the rule T would be applied to each step of
network dynamics of Wt T{S would make Wit}
transition to W(t + 1 until it reaches the final state W{tg).
And S(t} is the external force due to entrepreneur’s social
capital on W(t}. Here, Wlts) is a stable state, in which a
stable structure emerges. And the structure remains
unchanged for all £ = t;.

Network structure can be detected in varying ways.
Here, community structure is employed to detect stable
stage of network structure. In general, community structure
is captured by clique percolation. Cliques or clustering
property is very common in social networks, and is
regarded as an essential of social interactions. The func-
tioning of regional business system is tightly connected
with entrepreneurs’ clique or community structure. In this
stable state, numbers of overlapping communities or K-
cliqgue would keep unchanged before the stable status is
devastated. K-clique and overlapping community are often
used to describe network structure in complex network
theory and social network theory. K-clique is a full
coupling network which constructed by K nodes. For
example, 3-clique represents an interconnected triangle in a
network. In following network operations, the article tries
to figure out the biggest full coupling sub-graphs to find k-
cliqgue community.

3 Social capital and network dynamics

Social capital is an important conception in modern socio-
logical theory, and tightly connected with another impor-
tant sociological instrument, social network. In general, an
entrepreneur with higher social capital will have much
more capability to develop more social ties and business
connections. The article suggested a network generation
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approach, including three main stages. First, define a
generating measure on a unit square, then transform this
generating measure into a link probability measure through
a serial of iterations. Finally, generating links between the
nodes according to link probability measures.

The article split a* rectangles by identically dividing x
and the y axis of the unit square into a intervals. And
assign a specific probability p; to each rectangle,
subjecting to constraints of ¥ p; = 1 and p;; = p;;. And
sequence nodes or companies according to the level of
entrepreneur’s social capital, so that nodes representing
entrepreneurs with higher level of social capital would be
assigned with higher probabilities. Then, the link pro-
bability measure is calculated in complete analogy with
standard process of generating a multifractal. In details, the
article multiplies each rectangle with the generating
measure k times. There are a*k rectangles, associated with
a link probabilityp;; (k). And the link probability is given
as:

F"ij{k:l = HE:Lpiqjq , A3)
In which, ig is given by following equation:
ig =[G — DI« mod a*7/a%9] +1 (4

Where [(i — 1) TI% = mod a**/35-9] is integer
part of (i — 1) HE;: = mod 257/2¥-9, the another term

H?;f + mod a*T represents subsequent calculation of the
remainder after the division by a7, For convention, let
k =1, the link probability is equivalent to the generating
measure itself.

The design of network generator in this article could be
extended to be more general by substituting standard
multifractal as following. Define 0 < R(x.y} = 1 as a kth
tensorial product of a symmetric 2d function defined on
the unit square. In general cases, if RyGey), R;Gey)
peeees Ry(x.¥) is a sequence of symmetric measureable
functions on the unit square. Define Ry(x}, given as
following equation, as the average linking probability for
a node at position x:

1
Ry GO = [D Ry (x. y)dy o

And the average link probability , yx, of the whole
network can be given as following:

1
Y = [ Rk{x] dx
° (6)

Suppose the number of nodes My and its corresponding to
Ry (x. ) subjects to following rules:

Ny Ryl y) = (d) (7

Then the degree distribution of a node at position X is
expressed as following equation:
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_ (Nk d Ny—d-1

pld, %) ( 1 ]Rk{x] [1— Ry (3] @®)

In the thermodynamic limit, the above equation can be
approximated by

NgRy () 0

old,x) = —E T e MR o

By integratingp(d.x}, the degree distribution of the
whole network is calculated as following

1 d
o H

10

So, the probabillity of selection a isolated node is o
pld =0) = f e~ NP () g

o (11)
As supposed in the above, there is
Rk{x.y] —* {d}f.“\]k. (12)
So, there is
pd=0)ze =1 (13)

this is, the majority of nodes will be isolated along with
network dynamics. the considering condition for avoiding
thils situation is

" E—Nkﬂk::x:'dx = A
v (14)

In which, A is a less 1 constant. Considering limited
network scale of real business network, the shortcoming is
negligible. Finally, distribute N nodes independently accor-
ding their levels of social capital, and then generate a
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network by linking each pair with a probability of p;; (k) at
the given coordinates. The complexity of network gene-
rated by this method is increasing exponentially as long as
k is increased. This section offers a simulation method for
generating suitable network whose characteristics meet
with functions of social capital. This work would extend
the potential usage of the framework proposed in this
article.

4. IDENTIFICATION OF COMMUNITY STRUCTURE

As suggested in section 2, stable community structure is
used to judge whether a network dynamics turn into a
stable state. In such a stable state, community structure
does not occur major structural changes, e.g. expansion,
split and merger, in a period of time. In following, the
article would focus on two relevant issues: how to identify
community structure, and how the community structure
transitions to another steady state by external force from a
period of time.

4.1 COMMUNITY STRUCTURE DELECTATION IN
STABLE BUSINESS NETWORK

Based on previous works about clique percolation, the
article proposed an algorithm for clique percolation
(illustrated in Fig.1). The purpose of the algorithm is to
detect all S size cliques that contain the initial node.
Iterative regression algorithm is employed to detect proce-
dure in the network from large clique to small clique.

Decide Largest size S of Choose a node for
START clique according to the > network
degree of each node

Remove this node
and edges
connected to it

Detect all S size
g cliques containing >
this node

A

Let S=S-1

Yes Output all S size
—-—t cliques in the
network

FIGURE 1 algorithm for clique percolation

Then the article proposed a community detection algo-
rithm based on the clique percolation illustrated in Fig.1.
All frictions can be found out by employing algorithm for
clique percolation mentioned above, and transferred into
cliques’ overlap matrix. The diagonal elements of this
overlap matrix represent the number of nodes in the
corresponding clique, and non-diagonal elements is the

number of overlapping nodes between two cliques. K-
clique community structure connection matrix is obtained
in following way. Deduct every diagonal element by k-1,
every non-diagonal element by k, and denote resulting
elements smaller than 0 to O, other elements to 1. The
above procedure is illustrated Fig.2.

Clique percolation
algorithm
Detecting all -
START fractions =

Cliques’ overlap .
matrix

K-clique
community
structure
connection matrix

FIGURE 2 Detection procedure for community structure
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4.2 TRACING COMMUNITY STRUCTURE CHANGE
IN NETWORK DYNAMICS

Besides stable community structure of a regional business
network, its changes of community structure varying with
time are also meaningful. The above algorithm and
procedure are useful in stable state, however these methods
is not capable to tracing structural changes of communities
in evolution process. Therefore, the article proposes a
discriminant algorithm to trace community inheritance
between the two generations in the process of network evo-
lution. And the article designs a quantitative index to eva-
luate community stability during network dynamics.
Denote M; and W; as communities in two adjacent
generations, then calculate superposition degree of all
possible (M, W) pairs for every community as follo-
wing:
cf = M nwi] /e v wit| (15)
Based on calculation of superposition degree, there are
chances to discriminate stable stages in network
dynamics. Then the article proposes a structural stability

index for evaluating changes of community structure in
network dynamics as following:

p=E Clet+1)/(Ty - Tg— 1) (16)

In which, p is the structural stability index, i.e. the
average ratio that the members of community remains
within the time window (TyTy). For simplicity, a
threshold value, p*, is defined. For example, let’s
p” = 80%. Then the community structure is regarded as
reaching steady state in time window (T, Ty) if p = p".
The details of this discriminant algorithm are illustrated in
fig.3.

Input network structure data of different
iterations

Algorithm 1 and o
Algorithm 2 L/

Detect community structure

Y

Calculate superposition degree for every
community

Y

Descend all C value, and take Cmax as C(t, t-1) for
community pairs

Y

Detect and record all changes of community
structure

Y

Calculate structural stability index

FIGURE 3 Procedure for detecting community structure stability
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5 Simulation experiment about college s
tudent start-ups

5.1 BACKGROUND

The structure of regional business network is important for
regional economic development and entrepreneurship. And
its structural changes are meaningful for an entrepreneur
who wants to get sufficient resource to start up his own
business. In this section, the article will use a concrete
instance to experimentally exhibit structural emergence of
regional business network taking fresh college entrepre-
neurs as experimental actors. In this way, the article would
further explore the relationship between entrepreneurs’
social capital and structure emergence of regional business
network.

The article chooses to particularly observe social inter-
actions among a group of college student entrepreneurs.
College student entrepreneurs are active group in today’s
entrepreneurship. Access to regional business network and
obtaining important social resource are particularly impor-
tant issues for these young entrepreneurs. In many ways,
the issue about structure emergence of social network
among these young entrepreneurs is meaningful.

5.2 EXPERIMENT DESIGN

The article traced structure change of social network of 42
young college students who participated entrepreneurship
training together in October, 2012 in Hangzhou, China.
There are about 50 young entrepreneurs who was pre-
paring for their start-ups participated the 2-week entre-
preneurship training program. And 42 entrepreneurs
effectively provide survey data about his/her social
network at 5 time points, based on which network
structures at 5 time point were constructed. Our tracing
program was arranged as illustrated in fig. 4.

l#survey  2#survey  3ftsurvey  4#survey  S#survey 64 survey

l l ] ] ] l >

Zerotime:
training program

2 Week 3months  6months  12months 18 months

FIGURE 4 tracing survey arrangements

For convention, social interactions via famous social
network software in China among these entrepreneurs are
surveyed and abstracted to construct a simulated business
network of these entrepreneurs. To be more specific,
interaction history in Weibo, a kind of Chinese social
network software, are surveyed in this tracing research. In
1# round survey, social capital of each entrepreneur is
evaluated with 5-point likert scale according to their
previous interaction level in Weibo software. And in each
round of survey, these young entrepreneurs were asked to
pick out these people who participated from the full list of
participators in the training program. In this way, Actual
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social network of 42 entrepreneurs are constructed and
compared with simulation network.

In the other way, the article designed a serial of simu-
lation experiment using network generator, detecting
method and tracing method for community structure. In
initial stage, the dataset of social capital from 1# round
survey is employed. As illustrated in the above framework,
nodes with higher level of social capital would be manu-
ally assigned with higher linking probabilities. All simul-
ations are conducted in the language of Matlab. Because
the tracing program is limited to 18 months, and the
rhythm of social interaction is quite slow than that of
simulation experiment, the simulation step of network dyn-
mics is limited to 40 rounds. Considering an entrepreneur
would spend several months delicately to establish a
important business relationship, this limitation is accep-
table.

5.2 EXPERIMENT RESULTS

Fig.5 illustrated the actual change of community structure
in the experimental case. The college student entrepreneurs
were come from different classes and schools of Hangzhou
Normal University. At the Zero time point, social inter-
action among these college student entrepreneurs is not
intensive. When two week entrepreneurship training prog-
ram was accomplished, the social interaction among this
group of entrepreneurs reached highest level. After the
program is finished, community structure is largely kept, as
long as some communities experienced atrophy, expan-
sion, split, merger, birth and demise.

309

257

20

the number of communities

5

T T T T T T
Zerotime 2 weeks 3months 6 months 12 months 18 morths

FIGURE 5 Change of community structure in actual case

The statistics of simulations (illustrated in Fig.6), in
which the framework proposed by the article is used,
shows a similar changing curve of community structure in
the experimental case. The framework proposed by the
article, to some extent, fit with actual changes in this case.
The effectiveness of the framework seems promising.
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40

30
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1 3 5 7 911131517 19 21 23 25 27 29 31 33 35 37 39 #1

FIGURE 6 Simulation statistics about community structure

According to sociological theory, entrepreneur with
higher level of social capital has more advantage in getting
better position in regional business network. These position
advantages includes more higher node degree and more
structural holes. Fig.6 illustrated a rough correlation about
entrepreneurs’ social capital and the number cliques that he
ﬁqrti_cigaggg. Our research result show they are correlated (

).

R2=0645

the number of cliques participated

The level of social capital

FIGURE 7 Corrltation between entrepreneurs’ social capital and the
number of cliques participated

6 Conclusions

In sociological theory and business management theory,
regional inter-firm network is an important strategic
resource for entrepreneurs and start-ups. Its structure is
shaped by complex social interaction process, in which
entrepreneurs’ social capital play a subtle role. The article
propose a framework to explore links between social
capital and structural emergence of regional business
network, which can be used in simulation research and
positive analysis about real business network. And the
article provides a concrete case about how a community
structure is emerged from a group of young college student
entrepreneurs. The article gives an experimental case about
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the emergence of stable network structure among a group
of college student start-ups. Simulation results using the
framework proposed by the article fit with actual network
evolution. The experimental case showed the framework is
effective and useful in explaining links between social
capital and structure emergence.

Acknowledgements

The research leading to this paper is supported by grant
from of MOE (Ministry of Education in China) Humanities

References

[1] Barabasi A L, Albert R. emergence of scaling in random network.
Science 1999; 286: 509-512.

[2] ChenH C, LiY H, Liu L X. Communication network community
detection algorithm orienting hierarchical structure analysis.

[3] Granovetter, M. (1985). Economic action and social structure — The
problem of embeddedness. The American Journal of Sociology, 91,
481-510.

[4] Levis T G. Network science: theory and applications. New York:
John Wiley & Sons; 2009.

< Current position, grades: Associate professor in China Institute for Small and Medium Enterprises, Zhejiang University of Technology. And he is
also a research fellow in Zhejiang Economic &Trade Polytechnic

University studies: PhD degree in from Zhejiang University of Technology

Scientific interest: Risk analysis, Social complex network and system

1248

Yan SHEN, born Mar. 20, 1982, in Pinghu, Zhejiang Province, P.R.China

Current position, grades: Hangzhou Normal University, Lecturer
Scientific interest: simulation analysis, Social complex network and system, entrepreneurship and college student entrepreneur

Bao WU, born Sep.26,1979, in Dongyang, Zhejiang Province, P.R.China

Shen Yan, Wu Bao

and Social Sciences Project (Grant No. 12YJC630229).
This material is also based upon work funded by Zhejiang
Provincial Natural Science Foundation of China under
Grant No. LQ12G03003. The authors also want to
acknowledge supports from Scientific Research Fund of
Zhejiang Provincial Education Department (Y201226358)
and Scientific Research Fund of Hangzhou Normal
University (2012SZ2ZX17).

[5] Newman M E J, Girven M. Finding and evaluating community
structure in network. Physical Review E 2004; 69: 026113,

[6] Palla G, Derényi I, Farkas I, Vicsek T. Uncovering the overlapping
community structure of complex n etworks in nature and society.

[7] Portes, A. (1998). Social capital - Its origins and applications in
modern sociology. Annual Review of Sociology, 24, 1-24.

[8] Scott J. Social Network analysis: A handbook. 2nd Edition. London:
Sage Publication; 2000.

[9] Stoneman P. The economics of technological diffusion. Oxford:
Blackwell Publisher; 2002.




