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Abstract: The 1ssue of Knowledge Networks (KN) formation has been frequently discussed, but no
acknowledged results have been reached yet. The study analyzes the formation mechanism of knowledge

networks from the perspective of interchain coupling, aiming to find out the essence of KN formation.
Specifically, the article proposes a KN structural framework and it studies KN’s coupling subjects, relationships
and types. In addition, it uses Hamiltonian function in quantum mechanics to sinulate the operation of
knowledge chains in KN, the types of which can be divided into ‘coupling-free knowledge chain’, “uni-coupling
knowledge chain’ and ‘multi-coupling knowledge chain’. Then it carries out a mathematical deduction on the

formation mechamsm of three types of intercham coupling of knowledge chams for KN. A conclusion can be

drawn that interchain coupling of knowledge chains is the essential reason of KN formation and there are also
three types of interchain coupling, which reflects the diversity of cooperation in KN.
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INTRODUCTION

With the deepening of economic globalization and
knowledge economy tendency, mnovation has developed
from the early simple lmear model to the complex
interaction model, for example, innovation is created
through the complex network constituted and interacted
by a munber of factors (Rothwell, 1992). Enterprises have
paid more attention to the agglomeration between
companies and within the company and established
contact with other orgamizations such as suppliers,
customers, service agencies, government, universities,
research institutes, etc., in order to achieve continuous
innovation. According to a statistical study from
Becheikh et al. (2006), networks are positive to the most
umpacts on mnovation. The existence of the network can
be significantly enhanced employee loyalty and
satisfaction, rely on knowledge reuse to improve
efficiency and to promote innovation with knowledge
leverage (Buchel and Raub, 2002). Integrating external
knowledge and other resources by relying on the network
has become the key to innovative formation, development
and success, which promotes the formation of KN to a
great extent (Liu et al., 2013). With the advancement of
mnovative theoretical and practical work, imovative
behaviors are increasingly complex and showing the
characteristics
theoretical research focus has gradually shifted to the

of the network and the immnovative

networks. However, 1ssues on the formation of KIN are still
confusing, it is highly necessary to make a study, to find
out the essential reason of KN formation for the further
research, which 1s precisely the goal of the article.

FORMATION OF KNOWLEDGE NETWORKS

The earliest knowledge network was proposed by the
Swedish mdustry, the concept was used to describe the
institutions and activities of those engaged in the
production and dissemination of scientific knowledge.
Many research institutions and scholars gave their
definitions thereafter, some considers that knowledge
networl is a dynamic framework constituted by actors, the
relationship between them, the use of resources in the
relationship and its system features (Seufert et al., 1999)
and 18 a network formed by connection of knowledge
subjects such as people and businesses (Jarvenpaa and
Tanriverdi, 2003) and is the sum of formal and informal
relationships which are relatively stable and can facilitate
knowledge transfer (Cappellin and Wink, 2009). Forming
subjects of lknowledge networks topology are also
hierarchical (Phelps ez al., 2012). As a complex system,
knowledge network 1s exchanging matter and energy
(knowledge and mformation) with the outside and
connection relations between numbers of vertexes and
vertexes themselves are dynamically evolving, along with
the mternal and external energy exchange of the system.
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In addition, there is a complex embedding relationship
between knowledge networlks and other types of
networks such as social networks, interpersonal networks.

As Nowak (2006) considers, spatial structure and
social networks have enhanced the interaction between
the individual, the formation of the network reciprocity
effect 15 one of the five important principles to explain
cooperation  formation. Behavior of Ilmowledge
complementary is the motivation of knowledge network
formation and these organizations involved in the
operation of the network have scarce knowledge of other
organizations (Carayanmi and  Alexander, 1999).
Embedding of cognitive, relation and structure has big
effects on the main bilateral cooperation validity, the
collaborative mmovation results are derived from the
heterogeneous  knowledge  restructuring  between
cooperation members and the success of cooperation
depends on the inter-organizational knowledge
complementarity (Cowan et al., 2007).

In addition, proximity of cognitive level, social
contact and geographical distance is an important factor
in the formation of knowledge networks (Broekel and
Boschma, 2012), the physical distance between the
relative position of the vertexes m the network has a very
significant impact on the knowledge creation, eg.,
geographical proximity (Owen-Smith and Powell, 2004).
Social proximity 1s rooted i a social relationship, which
promotes the formation of knowledge networks by using
trust as the intermediary (Boschma, 2005). And it is easier
for companies to imitate behaviors in the strategic choice
and operation of enterprises with similar orgamzational
structure (Guler ef al., 2002). Knowledge network from
scratch along with the knowledge transformation process
between knowledge vertexes, covering the whole dynamic
logic process of knowledge creation, aggregation,
diffusion, transfer, leaming and absorption, m the process
of knowledge flows, the link between vertexes emerges,
from sparse to dense and gradually grows into a
knowledge network (Fig. 1). What Anderson stated 13 we
can understand the organization's networking process

M@%@@@

@ (b) ©

from two aspects of external form and internal relations
(Anderson, 1999). Knowledge network formation process
1n a certamn sense refers to the process of the emergence
of the structural characteristics of the knowledge network
and what usually used to measure the characteristics of
the network structure indicators includes the degree
correlation coefficient, network clustering coefficient,
degree distribution, correlation coefficient of local
aggregation and the average shortest distance, etc.
(Newman, 2003) and change of contents of the knowledge
network formation process 1s mainly reflected in the
knowledge inventory changes, as well as knowledge flow
rate and amount, etc. (Sorenson ef al., 2006).

Knowledge network formation process is a complex
dynamic
agree on principles and process mechanism for the
formation of knowledge networls, but the judgment ‘the
knowledge network is constituted by many knowledge
vertexes (or subjects) under the influence of some

process, the researchers were unable yet to

mechamsm’ 15 unified, which can be explained by game
theory, resource dependence theory, transaction cost
theory, theory of core competence, etc. Unfortunately,
these theories are concentrated on the individual level,
ignoring the interaction mechanism of clusters and whose
impact on the macro-knowledge network complexity. The
study argues that the formation of knowledge networks is
resulting from the mterchain coupling of knowledge
chains.

INTERCHAIN COUPLING OF KNOWLEDGE
CHAINS FOR KNOWLEDGE NETWORKS

Coupling is from physics, refers to a phenomenon
that two or more systems or motions interact to unite, it’s
a kind of interdependent, coordinated and mutually
reinforcing dynamic relationship formed through the
positive interaction between the various subsystems.

Knowledge chain renders as a chain structure, which
considers enterprises as its core subjects of mnovation,
takes the lmowledge sharing and knowledge creation as

C)

Fig. 1(a-¢): Formation of network structure (&) Multiple independent vertexes, (b) Link emerges between vertexes, (¢) Link
emerges between chains, (d) Sparse network and (e) Dense network
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its aim and is formed by the knowledge flow between the
different orgamizations involved m mnovation activities.
Evidently, knowledge chain is formed by knowledge
vertexes coupling and knowledge network 13 formed by
interchain coupling of knowledge chains, therein, a
non-linear structural link 1s formed between the
knowledge chains, including coordination, conflict links
and finally promotes the formation of lnowledge
networks.

Coupling subjects

Coupling of knowledge vertexes: Enterprises, universities,
research institutes, as well as some of the knowledge
service-oriented agencies are materialized forms of
knowledge vertexes, on the basis of cognitive level, social
ties, orgamizational structure similarity and synergistic of
each knowledge vertex, they are coupling and forming a
chained knowledge-rich organizations with special
functions, i.e., knowledge chain:

¢ Interactive learning: A certain level of interactive
learmng is the premise and mamtaimng momentum of
the formation of the coupling relationship between
knowledge vertexes, which 1s a complex process of
organizational level actors. Along with the
contimious  knowledge flow, knowledge stock
increased, knowledge transfer channels and forms
constantly mmproved, the lknowledge flow scale
gradually expanded and the robustness of coupling
relationship 1s also enhanced

¢ Mutual trust: The establishment of trust mechanism
between vertexes is the protection of the strong
coupling relationship. The generating of trust is
based on the strong ties between vertexes and
establishment of continuing reciprocity norm
(Nowalk, 2006) and strong ties are gradually formed in
the understanding and observation on each other’s
behavior

¢+  Cooperative game: The coupling relationship
between knowledge vertexes 1s the result of
cooperative game. The benefits distribution
mechamsm among the knowledge vertexes has direct
impact on the knowledge chain stability and
contimuty. Coupling link between different
knowledge vertexes is based on the pursuit of
common interests and the unity of profit motive,
various vertexes form the knowledge chain of
resource sharing and advantage complementary by
means of the system self-organization process,
realizing behavior collaboration, 1institutional
collaboration and knowledge collaboration, to
achieve the Pareto optimal under the collective
rationality cooperation

Interchain coupling of knowledge chains: Complex
correlation between heterogeneous knowledge is the
essential cause that the knowledge chamns forms the
crisscross  knowledge networks, meanwhile, the
emergence of complex system characteristics of
knowledge networks is also from the distributed complex
relevance among various knowledge vertexes which
belong to different knowledge chains. The mterchain
coupling of knowledge chains is the direct cause for the
formation of knowledge network:

»  Knowledge similarity principle: The existence of
heterogeneous knowledge provides a potential
opportunity for cooperation of different knowledge
chains, but also builds barriers that prevent smooth
cooperation to some extent; however, if the
knowledge between the knowledge chains is too
similar, knowledge flow will cease, for the coupling
value of demand for complementary knowledge has
disappeared

¢ Diversity of coupling relations: The diversity of
coupling relations among knowledge chains is
derived from the multiple types of knowledge as well
as the organizational attributes difference of
knowledge subjects. First, knowledge-based
enterprise is the core subject of knowledge chain,
which has the advantage of knowledge 1n the field of
specific industry and the remaining component units
also have the homogeneity knowledge. Meanwlhle,
due to that the knowledge subjects have special
knowledge details and thewr abilities belong to
different areas of action, the link between the
knowledge subjects that belong to different
knowledge chains 1s
diversified, which exactly formed the complex
coupling interaction. In addition, the diversity on
structural attributes, functional attributes, cultural
attributes, target attributes, geographical attributes
and social attributes of knowledge subject itself are
also contributed to the diversity of coupling relations
Fig. 2

»  Diversity of coupling types: Interchain coupling of
knowledge chams 1s forming based on the overall
knowledge potential energy gap, for two knowledge
chains whose overall knowledge potential energy are
almost equal, the coupling is impossible to happen.
Besides, for those knowledge having
knowledge potential energy gap, gaps on knowledge
attributes and abilities of knowledge vertexes result
in the different types between
heterogeneous knowledge chains. From realistic
situations, interchain types of coupling generally

three-dimensional and

chains

of relations
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Fig. 2: Diversity of coupling relations in knowledge
networks

mclude ‘coupling-free’, “uni-coupling’ and ‘multi-
coupling’. The study carries out a mathematical
analysis on these three interchain types to study
how they are relatively coupled

METHODOLOGY

In order to visually reflect the interchain coupling of
knowledge chains, this study uses Hamiltonian function
in quantum mechanics to replace the expression of the
knowledge stock of the knowledge chain and chooses
Wang’s coupled parallel chains model (Wang, 1993) to
simulate the operation of knowledge chains m knowledge
networks.

Assume that there are two knowledge chains: ¢ and
B, interchain coupling is completed by the nteraction
among knowledge vertexes in two knowledge chains,
which is similar to wave function superimposition of
diatomic molecules at the same level.

MATHEMATICAL ANALYSIS ON
THE INTERCHAIN COUPLING PROCESS

Generally, the types of knowledge chains in the
knowledge networks can be divided into ‘coupling-free
knowledge chain’, ‘uni-coupling knowledge chain’ and
‘multi-coupling knowledge chamn’ (Fig. 3).

Coupling-free: For the one-dimensional knowledge chain,
its tight-binding Hamiltoman 1s:

g1, 3. 2) = <llg(Z)| > = & (1)

k):zﬁ{h lis (2)

D C B A

Fig. 3: Three types of knowledge chains coupling
here |i> is the grid point state, [k) is the Bloch state, a is
the lattice constant, j-th refers to the j-th position of grid
point, there 1s no post-election amoeng different grid point
state:

<Ilj> = §; (3)
the energy spectrum of |k) 1s:

E(k) = e+2t cos ka 4

the Green function 1s:

b o K] g 5
g(z)iz—Hizk:Z—E(k)izh“g i< ©)
Then:
[italii)]
iy © (6)
8 ; Z-E(k)
Non-diagonal matrix element is:
g, 3. 2) = <ig(Z)> = ¢ (7

that is the probability of knowledge flow from grid point
1 to grid point j and the diagonal matrix element 1s:

8. 2) =g =g (8)

1t’s the green function of grid point 1, its grid state density
of the imaginary part 1s expressed as:

8y =t —— &)

gij = gﬂpmmm (1 0)
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And p, refers to take the root of p,.<1 in p*-2xp+1

=0, x = (Z-8)|2t, + m g,, respectively corresponding to * in

p=xTx 1. Equation 10 means that the probability of

knowledge flow from gnid point 1 to grid pomt j and from
j toiare fairly equal.

The Hamiltonian of system consisting of ¢ and [ is:

H,=H,+H, (11)

Both H, and H, meet Eq. 1. The solicitation is
i@} = ({@.}. {pg}), which 15 the direct sum of wave
functions of Eq. 2 and spectral equations ELZ) and EL7)
are the same as Eq. 4. Green function 1s:

Go(Z)=e. ()1 (2) - 22

Bl

i, ><jm‘+|i[S ><jp) (12)

Uni-coupling: Two knowledge chains have coupling
relations at grid point 1, (Fig. 3b) and the system 1s
Eq. 11 plus the perturbation Hamiltonian:

Hy =ty <aoplHiop> <o) (13)

use Perturbation theory to get the Green function:

G, = G,+G,T,G, (14
T,= 3 (HG,)'H, (15)
n=0

and Scattering matrix 1s:

t . s . gttt 1. . . .
T = l—glﬁtf (1Um > 1UE|+‘1U[5 > 1%)*’ l—ﬂgétf (1%; = 1w|+ |1U[5 > 1%)
(16)
then Green function 1is:
t i { s . . .
G =G, + '2gzg“‘g“(|1m><1ﬁ‘+‘1ﬁ><]m)
1-g,t; 5 (17)
A T
lfng%tf Z}J:g“ngdulm ><Jp‘+ ‘1ﬁ ><Jp)
the matrix element is:
o t
Gl(lep,z):l—glﬁtfgngm (18)
o ; i
61 2) =g+ B e (19)
01

the probability of knowledge flow between two chains o
and  can be calculated, the knowledge flow process from
1, to J,, 18 the process from grid pomnt 1 in & to 1, and then
from 1, in P to j, the probability of knowledge transfer is
proportional to t,.

Multi-coupling: Multi-coupling knowledge chain refers to
there are many coupling relations among multiple grid
points in knowledge chains o and p, its Hamiltonian is:

H=Hm-¢—Hp-¢—Z:tD (|im < ip‘+|i[S > i“D (20)

based on the solicitation H=H+H, of coupling-free
knowledge chain and expand the wave function of the
system, so:

P

SO a

here, [lg,| is Eq. 2, equivalent to |,k], the matrix element is:
(kJHK) = E(k)dy, (kJHK ;) = t,dy (22)

E(k) 13 Eq. 4, thus 1solated wave function of different k 1s
unable to have transition in this coupling model. But if
use the Hamiltonian matrix by the orderk, = k.. k; =k,
k, =k, k; = k,...., it shows block diagonal form, wherein
any piece 1s the same and the sub-block 1 1s:

((Pm (k1)‘H‘ P, (k1)) (‘Pm (k1)|H“Pﬁ (kl)) (23)
(s (o)l (ko)) (g (o )[H]ps (ki )

the knowledge stock (energy) eigenvalue 1s:
e(k) = Bk, (24)

the index n in Eq. 21 can be replaced by k, for k has two
energy levels, so there are two wave functions:

[ (k) =L2(

@, (k)] o, (k)] (25)

Green function 1s:

6T) = Z[' o_Ke_(K)|

[ ¢, (e, (k) |
vl Z-z k)

Z—-g,(k)
= SR < iy <y i <y 1+ i) (26)
F
Lo i e
+—Zg(\1m><_|m|+\1p><1p\+|1m><_|p\+|1p><1m|)
F
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And g,* refers that € in Eq. 9 and 10 can be replaced
by ett,, from the calculation on the density of grid point
state, it 18 formed by superposition of two smgle
knowledge chain states density which staggered 2t; .

RESULTS

It can be concluded that different types of knowledge
chains in KN have different coupling forms. For the
coupling-free knowledge chain, probability of knowledge
flows from grid points on different chains are completely
equal and the Hamiltoman of KN system equals to the
linear summation of different knowledge chains
Hamiltonians, Green function is shown as Eq. 12; For the
uni-coupling knowledge chain, perturbation Hamiltonmian
affects the system Hamiltomen and the probability of
knowledge transfer is proportional to t,, Green function is
shown as Eq. 17; For the multi-coupling knowledge chain,
the wave function of the system 1s expanded, its Green
function 1s shown as Eq. 26. Obviously, three types of
coupling have different knowledge exchange modes,
which symbolize the intensity of cooperation in KN.

DISCUSSION AND CONCLUSION

The use of knowledge networks can meet the need of
existing mtricate knowledge and solve the structural
contradictions of knowledge distribution. The study finds
out that the existing studies of KN formation focus on the
motivation and the process. Researches on the formation
mechanmism of KN mamly discuss the interaction among
knowledge vertexes and less are ivolved in the
interaction mechanism of clusters (such as knowledge
chains) and its impact on the complex system of KN
either. Some scholars state that knowledge network is
formed merely by bilateral collaboration of knowledge
subjects (Cowan et al., 2007, Carayanni and Alexander,
1999), the study of Seufert et al. (1999) underlines the
relationship between organizations, Nowak (2006) uses
‘network reciprocity’ of individuals to explain cooperation
in KN, moreover, ‘proximity” of vertexes is also one key
element to KN formation (Broekel and Boschma, 2012,
Owen-Smith and Powell, 2004; Boschma, 2003). It can be
seen that these previously published studies are just
concentrated on the individual level, ignoring the
interaction mechanism of clusters and whose impact on
the macro-knowledge network complexity. The article
argues that the formation of KN results from the
interchain coupling of knowledge chains, which takes a
Macro perspective.

Specifically, it analyses the formation mechamsm of
knowledge networks from the perspective of “interchain

coupling of knowledge chains’, proposes a coupling
framework for knowledge networks and analyzes the
coupling subjects, relationships and types, moreover, the
study finds out that the types of knowledge chains m KN
can be divided into ‘coupling-free knowledge chain’,
‘uni-coupling knowledge chain’ and ‘multi-coupling
kmowledge chain’ and the mathematical deduction exactly
shows that interchain coupling of knowledge chains is the
essential reason of KN formation.
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