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Chapter 1
Research on Self-Organization Evolution
Mechanism of Knowledge Capital
in High-Tech Virtual Industry Cluster

Chang-yuan Gao and Xiao-yan He

Abstract The main purpose of this paper is to find a way to develop high-tech
virtual industry cluster (HTVIC). Considering HTVIC knowledge capital (HKC)
as the order parameter, the paper establishes a self-organization model for HKC
and analyzes its evolution rules based on potential function by self-organization
theory. Lastly, the research draws a conclusion that HKC is a self-organization
system and evolves from a disordered state to an ordered state, and even to a more
orderly state to realize transition. Therefore, the institution regulation should be set
up to reinforce the evolutionary order of HKC, so as to promote the development
of HTVIC.

Keywords HKC � HTVIC � Potential function � Self-organization

1.1 Introduction

High-tech industry cluster which is often in the form of high-tech park in practice
in China, has become an important factor to promote regional economic devel-
opment. However, lack of contact and innovation (YuJiang 2008), lock-in effect
(Wang and Yan 2009) and other issues have become obstacles for the further
development. Virtual industry cluster (Molina and Ponguta 1997) is a cross-
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organizational form of cooperation which is proposed in recent years. Virtual
means the clusters is no longer subject to geographical restrictions, that is to say,
the members will compete and cooperate in the way of organization adjacency.
Moreover, Intelligent Platform will be the main contact way instead of usual
information technology and network. A recent study shows that it is beneficial to
give full play to the advantages of industrial clusters by the way of virtual, and
overcome the side effects caused by geographic concentration (Nicolai 1996).
Therefore, the development of high-tech virtual industry cluster (HTVIC) can
solve above-mentioned problems of high-tech industry cluster, and promote its
sustained, healthy and rapid development.

HTVIC is a loose organization (Gao and Du 2010) for the purpose of providing
high technology products and services, which is composed of high-tech enter-
prises, research institutes, intermediaries and government from different geo-
graphic regions. As knowledge capital has been the dominant factor to create
value, the research on evolution mechanism of KC in HTVIC will contribute to
capture the overall variation of HTVIC, and will have a great guiding significance
for the theory and practice.

The present study rarely combines HTVIC with knowledge capital, existing
research on Multi-agent knowledge capital is in two major ways: Anssi and Marja
(2007), Pirjo (2008), Wang and Chen (2010) and Wang et al. (2009) study the
subject from a regional perspective; Li (2011) from the angle of alliance. But
current research mainly emphasizes the value contribution of knowledge capital to
regional and union, ignoring the interaction of the Multi-agent knowledge capital.

Self-organization theory, particular Synergetics, reveals that how elements
interact to form the order parameter, and then form ordered structure of system
under certain external conditions. HTVIC is more a spontaneous formation of
members to adapt to the external environment. In this process, a large of members
interacts on each other to form goodwill, brand, the organizational system and
other knowledge capital of cluster, and continuously implement value-creating
function. Obviously, the appreciation of HTVIC knowledge capital (HKC) is the
result from self-organization motion of the subsystem. The self-organization is the
essential character, so the paper can preferably reveal the appreciation of HTVIC
knowledge capital from the point of view of the interaction between multi-agent
knowledge capitals with self-organization theory.

The paper, firstly, defines the concept of HKC, and then analyzes four-
dimensional structure of it. Secondly, the paper elaborates the self-organization
characteristics and establishes the self-organization equation. Thirdly, the ordered
parameter is recognized, and the paper proclaims the self-organization evolution
mechanism of HKC on the basis of potential function. The purpose of this paper is
to grasp the evolution law of HKC on the whole, and through the realization of
HKC appreciation to finally promote the development of HTVIC.
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1.2 The Dimensional Structure of HKC

Knowledge capital is pointed out for the first time in 1969 by Galbraith. Later,
some of scholars such as Stweart (1994), Edvinsson and Sullivan (1996), Sveiby
(1997), Feng et al. (2006), Li (2011) did research on this.

HTVIC is a loose organization which means it is across the organization
boundary, and it can be argued thatHTVIC also has knowledge capital. There are two
levers: cluster lever (HTVIC knowledge capital) and member lever(member
knowledge capital). Members knowledge capital (MKC) is like enterprise knowl-
edge capital, so this article does not make the research on it. HTVIC knowledge
capital (HKC) is the general name of knowledge elements and ability which can
create value for HTVIC, reflecting collective intelligence in the competition and
cooperation of all the members, made up of three elements: HTVIC human capital,
HTVIC organization capital and HTVIC relationship capital. That is to say, MKC
interact with each other and assemble in the virtual space to form HKC.

HKC is the product of self-organization coming from the members’ mutual
collaboration in the form of elements. Meanwhile, it may possess overall capa-
bilities that the members don’t own to create value so that the value-creation by it
is greater than total value-creation by members. From the view of the members,
the dimensional structure of HKC can be expressed as:

HKC = F (high technology enterprise knowledge capital, research institutes
knowledge capital, intermediaries knowledge capital, government knowledge
capital).

F means the interaction between MKC and the centralization process, four
dimensions means four kinds of member. In each dimension, human capital is the
initiative of the value creation, while organization capital and relationship capital
guarantee the role of human capital. The three key elements interact with each
other to make each member has the following value-added function.

1.3 Self-Organization Model

The formation of HKC is the response of the members to external environment for
the purpose of the increment in value. In the process, the interaction of MKC
formed ordered structure, function and behavior, which is indeed a self-organized
process, with dissipation structure characteristics.

Different MKC can be viewed as the subsystem, the interaction between sub-
systems can bring about the value-creation. S indicates the state variable HKC, E,
R, I and A respectively indicates the state variables of each dimension. Using self
organization Dynamics equations, the dimensional structure of HKC can be
expressed as the following:

dS=dt ¼ �kSþ bðE;R; I;AÞ þ G ð1:1Þ

1 Research on Self-Organization Evolution Mechanism of Knowledge 3



Make random external force G ¼ g � S, g represents the control parameters to
promote the evolution of the system, �bS3 represents the interaction between
subsystems (four dimensions), Eq. (1.1) can be written as:

dS=dt ¼ ð�k þ gÞS� bS3 ð1:2Þ

Above equations show the evolution process of HKC with time. The original
state k, random outside force g and the mutual relationship between subsystems are
the key factors to the formation and evolution of HKC.

In self-organization theory, the potential function is used to study the structure,
performance and evolution behavior of the system. If there is a function V(x),
when V 0ðxÞ ¼ �dx=dt, VðxÞ is the potential function of the dynamics equations
(JianXiong and Wang 2008). Combined with (1.2), then

V 0ðSÞ ¼ �dS=dt ¼ �ð�k þ gÞSþ bS3 ð1:3Þ

Integrating the Eq. (1.3) on both ends, we can get the following potential
function.

VðSÞ ¼ �ð�k þ gÞ 1
2
S2 þ b

4
S4 ð1:4Þ

Minimum value of VðSÞ is the stability point, which shows the system is in
stable state, including disorder and low-level order. Maximum of VðSÞ is unstable
state which forebodes new state, containing evolution and degradation.

1.4 Self-Organization Evolution Mechanism

1.4.1 The Order Parameter Characteristics of HKC

According to synergetics, the order parameter is the product of coordination and
competition which measures the macro state of the system Cyrille and Gerard
(2009). When HTVIC is not formed, the enterprise and relevant organizations in
different regions will realize appreciation independently. At this time, HKC is
equal to zero. After the HTVIC is formed, MKC cooperate with each other in the
form of elements to shape HKC. Due to the influence of the external environment,
the subsystems conduct the cooperative movement under the control of HKC for
the aim of realizing the maximization of value-creation. That means the orderly
structure is generated. HKC is a macro parameter to describe HTVIC, generating
from scratch, and indicating the formation of new structures through Slaving
Principle. So, it is in line with the order parameter characteristics, and HKC is
indeed the order parameter. In synergetics, the order parameter determines the
development direction of the system. When HKC is in the positive evolution
direction, HTVIC will evolve. On the contrary, it will degenerate.

4 C. Gao and X. He



1.4.2 The Evolution Mechanism Based on Potential
Function

According to the curve determined by Eq. (1.4), there are the following two kinds
of situations in the evolution which are shown in Fig. 1.1:

When ð�k þ gÞ\0, HKC is like a particle in curve I which always shocks near
the stable point of the potential function. This shows that the potential energy is
weak and the synergy between subsystems is poorer. So HKC does not perform the
function of order parameter, and can’t development the new structure.

When ð�k þ gÞ[ 0, there appears two extreme value point of potential
function as V (S1) and V (S2), and two energy valley in two sides of the balance
point, such as the curve III. Under the random external force and synergistic effect
of subsystems, the particle will appear on any extreme points at the same proba-
bility. This shows that there are two states to choose. At this time, the potential
energy is stronger and the synergy between subsystems becomes more powerful.
HKC play the role of order parameter to promote the system to new orderly
structure, and in turn control the behavior of subsystems.

When ð�k þ gÞ is from negative to positive, the curves of potential function
experience the change of I -II -III, which explains the change of systems status. In
critical condition, due to outside fluctuation force and synergistic effect, the state
changes from curvet curve III, and the stable point changes from (S0, 0) into (S1,
V (S1)) and (S2, V (S2)). That indicates there is more than one possible evolution
state. When outside force or the size or rate of HKC is determined, only one way
can be selected. Namely, symmetry is broken after non-equilibrium phase tran-
sition. That means the orderly structure of system is turned up.

The equilibrium position S can be described as function ð�k þ gÞ as shown in
Fig. 1.2. When ð�k þ gÞ\0, there is a stable solution (S0, 0) which shows the

V

SS0

V(S1) V(S2)

-k+g<0

-k+g>0

Fig. 1.1 Potential function
curve
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system is in a steady state; When ð�k þ gÞ[ 0, the original stable solution change
into (S1, v (S1)) and (S2, v (S2)), which says the bifurcate appears. A1 is bifur-
cation point, and A0-A1 is non-equilibrium linear regions. At this moment, the
change trend of the system gets enhancement. A1-B2 means unstable nonlinear
relationship which shows there are two evolution directions of the system,
including A1-B1 branch and A1-B3 branch, determined by the change of the size
or rate of HKC. When it is in any branch, due to another change of external
environment or the size or the rate of HKC, new fluctuation and new bifurcation
point turn up, which forms the leap development of the system.

1.5 Conclusion

HKC is the order parameter, the evolution of which determines the status of
HTVIC system. So, it is necessary to start from HKC for the development of
HTVIC. According to self-organization theory, taking HKC as a self-organization
system, the paper establishes self-organization model to reveal the key effective
factors on its evolution, and then reveals the transition evolution law that HKC
evolves from disordered state to ordered state, and even to the further orderly state
based on potential function.

Therefore, in practice, the external conditions should be constantly improved to
make HTVIC to achieve critical state and produce order parameter (HKC).
Simultaneously, the external institution regulation should be established to foster
expected HKC. When HKC can control the independent movement of the sub-
systems, under the guidance of HKC, HTVIC will achieve its orderly structure,
namely the value-added. As HKC is formed upon self-organization motion, the
external institution regulation should be in line with the evolution law rather than
function as outside force, aiming to promote the rapid formation of HKC and
better play the role of order parameter.

A0 A1

S

-k+g
B2

B1

C1

C2

C 3S0

S1

S2

B3

Fig. 1.2 S * -k ? g
function
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Meanwhile, because there are a variety of options for the evolution directions of
HKC on request of different value added, the establishment of institution regula-
tion can enhance HKC and push forward positive evolutionary order of HKC,
which in order to promote the healthy development of the HTVIC. When the trend
of degenerated order appears, we should take measures to prevent the emergence
of the critical point to keep continuous development of HTVIC, or we should
induce the emergence of new order parameter to drive the transition of the system.
inally, you are responsible for language as editors will not check it. Do a spell and
grammar check. This is available in Word. If English is not your native language,
get a professional proof-reader to help if possible.
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Chapter 2
A Fuzzy Multi-Attribute Decision-Making
Method for Partner Selection
of Cooperation Innovation Alliance

Dan Li

Abstract The technological cooperation activities among enterprises, universities
and research institutes are considered be necessary for accessing complementary
technological resources and improving the technology innovation capability. One
of the important approaches to cooperation is constructing cooperation innovation
alliance. But cooperation innovation alliances are risky. How to choose the right
partners and improve the efficiency of cooperation innovation is the question many
enterprises concerned with. So the decision-making model of partner selection in
cooperation innovation alliance is proposed in this paper, and an index system is
set up. It is a fuzzy multiple attribute decision-making problems. And then a fuzzy
multiple index decision-making method basing on TOPSIS is proposed. Finally, an
example is shown in detail.

Keywords Cooperation innovation � Multi-attribute decision making � Partners
selection � TOPSIS � Triangular fuzzy number

2.1 Introduction

With the rapid development of information technology, enterprises need to
improve the technology innovation capability and sustain knowledge competitive
advantage. But it is difficult for an enterprise to master all of the knowledge
required and to realize technological innovation independently because there is a
lack of resources, technology, skills or finances. It leads enterprises to search
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