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Abstract

On the basis of the dynamic evolution and competition of
the complex network of industry alliances together with
the limitations of the BBV network model, a competitive
merit-based dynamic evolution model is constructed. It
not only considers the addition of new nodes, but also
the deletion of old nodes, the rewiring of old nodes and
the deletion of old links appear in the networks. By using
continuum theory and mean field theory, the corresponding
evolution equation is established. The strength and
degree distribution of the model still has the power-rate
characteristics of scale-free networks and BBV scale-free
network is a special case. The correctness of the theoretical
analysis is proved by the simulation. The results show that
by adjusting the parameters, it can coincide with the power
-low exponent of many complex networks. Therefore, the
improved model is more adaptive and authenticity.
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INTRODUCTION

In recent years, the rise of complex networks makes the
study of various disciplines substantial breakthroughs.
Through the research on the Internet, the World Wide
Web, the global aviation network, research cooperation
network, social networks, biological metabolic networks
etc., it can be found that many systems in the reality
can be seen as complex networks. The network nodes
represent system elements and the edges represent the
link between elements. People have proposed a variety
of complex network model from different perspectives,
in which the most famous are the ER random graph
model proposed by Erdds and Rényi (Erdds, 1960), the
WS small-world network model proposed by Watts and
Strogatz (Watts, 1998) and the BA scale-free network
model proposed by Barabasi and Albert (Barabasi, 1999).
The BA model studied the origin of the macroscopic
properties of the network from the perspective of
evolution for the first time, and laid the foundation of
network evolution model. The BA model indicated
that growth and preferential attachment mechanism
were reasons for the formation of the complex network
scale-free property. This allowed people to recognize
the macroscopic properties of complex networks are
determined by its microscopic mechanism, thus began to
study the macroscopic properties of the real network and
its evolution problems.

The BA model explains the scale-free characteristics of
the network better, but it is still oversimplified compared
to the real network. Researchers of related areas proposed
BA modified models from two perspectives based on
the actual network: the growth mechanism and merit-
based mechanism of the BA model. On the aspect of the
growth mechanism improvement issue, Newman M E
J (Newman, 2003) considered the increase of node and
new connection inside the network on the basis of the BA
model, and obtained model of the power law index j =3
 Tang and other scholars (Tang et al., 2005) extended
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the dynamic processes of the BA model and established
the Embedded-Delete-Compensation model, including
randomly deleting existing nodes or links in the network
and link compensation. Chen and Shi (Chen, 2006)
studied the important role of the merit-based edge plus
and the anti-merit edge deletion on the network scale-
free characteristics. They drawn the power-law index of
network degree distribution between 2 and 3, which was
consistent with the reality of many networks; Jia and other
scholars (Jia et al., 2009) studied the addition and deletion
of nodes and edges more comprehensively from a dynamic
evolution perspective, getting the power-law index in
the range of 1 to 3. There are also some common growth
mechanism improved model such as the Index Network
Model (Jia et al., 2005), the Poisson Model of Undirected
Complex Networks (Li and Qian, 2006), the AB model
(Guo, 2006), the DM model (Albert and Barabasi, 2000y
and so on. On the aspect of the merit-based mechanism
improvement issue, Bianconi and Barabasi (Bianconi,
2001) considered competitive factors in the BA scale-free
network evolution process and constructed the Fitness
Model, pointing out that the degree of the node and its
growth rate is related to the inherent nature of the node.
Research on the merit-based mechanism also includes the
nonlinear preferential attachment (Krapivsky et al., 2000),
the node attraction (Zhou et al., 2012) etc.

The above-mentioned correction models are presented
based on the real life network features and phenomena.
They are built through the amendment and improvement
of the growth and merit-based selection mechanism of
the BA model. Each model has a focus, revealing the
inherent nature of the corresponding network from the
microscopic mechanisms to explain the macroscopic
phenomena appeared in the corresponding network,
which are more realistic, practical and complete than the
BA model. However, these amendments models all have
inadequacies: they just conceive and analyze certain types
of networks from a certain point of view. They can just
explain some characteristics of the corresponding network
phenomenon and can’t reflect the essential attribute of all
real networks reality, that is, they are not comprehensive
and unified. For example, these models are not related to
the actual knowledge transfer problems of the industry
alliance, and can only explain part of the network they
studied. This shows that these networks all have design
deficiencies.

In addition, the above studies are for the unweighted
network inquiry, which are only the approximate
description of the real network. However, various
real networks are weighted network. For example, in
research cooperation network, edge weight represents
cooperation between researchers; in aviation, railway
and highway network, the edge weight reflects the
road traffic flow. Obviously, it is more suitable to use
the weighted network model with different weights for

Copyright © Canadian Research & Development Center of Sciences and Cultures 36

each connection to describe these networks. In order to
describe the heterogeneity of the edges, Yook, Jeong
and Barabdsi (Yook et al., 2001) firstly investigated the
weighted network evolution theory, initially proposed a
weighted network theory model. Edges were given the
weight values in accordance with the relationship between
the nodes’ degree. Through the research of the weighted
network, Barrat, Barthélemy and Vespignan (Barrat et al.,
2004) proposed the most influential weighted network
model called BBV model. The model took into account
factors such as the network structure and node weights
to study the dynamic evolution of the network. With
the increase of the scale of the model, the degree, edge
weights and node weights of the BBV model network all
present scale-free characteristics.

On the basis of the BBV model, referencing the
improvement of the growth mechanism and merit-based
mechanism mentioned in the BA correction models and
considering the dynamic evolution and characteristics
of the industry alliance knowledge transfer network,
this paper proposed the industry alliance knowledge
transfer weighted network evolution model based on
node competitiveness. The theoretical analysis found
that the intensity distribution and degree distribution
of the nodes are in line with a power-law distribution.
As long as a reasonable adjustment parameters, you
can make the power-law index falls [2, 3], consistent
with the actual network, which shows that this study is
reasonable and practical.

The paper is organized as follows. Section 2 discusses
the BBV model and its limitations on the research of
the industry alliance knowledge transfer problems.
Section 3 contains the description of the industry alliance
knowledge transfer weighted network evolution model.
Section 4 is devoted to the numerical simulation. Adaptive
analysis of the model is analyzed in Section 5. Finally,
Section 6 concludes.

1. THE BBV MODEL AND
LIMITATIONS

Suppose w; as the edge weight between nodesi and ;.
A weighted network can be provided with the network
connection weight matrix (w;), where i,j=1,2,...N, is
the total number of nodes. Since the paper considers
undirected network, the weight matrix is symmetric,
i.e.w;=w;. Introducing the concept of node degree in
unweighted network into weighted network, it is the node

ITS

strength S, . It contains information about the node degree

and the weight of all edges connected, which is defined as:
5= 2w
Jj=(i)
Where (i) represents a collection of all nodes
connected with node i .
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The construction algorithm of the BBV model is as

follows:

e  Initial setting. Set a globally coupled network
with m,nodes as the initial network, where each
connected edges are assigned with weights wy;

e  Growth. Add a new node n to the network at
each time interval, and is connected to the m
nodes already exist. The probability of node i
being selected to be connected with node m lines
with its strength, which can be illustrated by the
formula:

I1,.-<
n—i
Zs,.

e  Dynamic evolution of the edge weights. Each
newly introduced side (n, i) is assigned with
weight w,. For simplicity, it is assumed that the
newly joined edges (7, i) can only partially cause
the dynamic adjustment of the edge weight of the
node i and its neighbors j. Adjustment rules can
be written as:

wy = Wyt

w..
w,=6,—
S[

Where 4, is the additional flow burden to node i brought
by each new introduction of an edge (n, 7).The edges
connected with i will share a certain flow in accordance
with the size of their own weights w

w,, therefore, the strength of the node ; can be
expressed as:

w,; = w,tw,+6,

The study indicates that with the increasing of network
size, node degrees, node strength (point weights) and
edge weights of the BBV model show the scale-free
characteristics:

_46+3
C25+1

1
P(w)Dw” 1y =2+—
()0 w1y =20

P(s)Us7s P(k)U k7 1y

Therefore, the BBV model can generate scale-free
network with power-law index between 2 and 3 according
to different J. If 0=0then the model degenerates to the BA
model of y=3; If§ - cothen y = 2.

The BBV model, considering factors such as the
network structure and node weights, has laid a good
foundation for the weighted network’s research, but there
are still certain gaps between the BBV model and the real
network. Considering the actual situation of the industry
alliance, it has the following inadequacies:

Firstly, the growth mechanism of the BBV model is
inadequate. BBV model is a growth network model, only
considering the addition of nodes and the connection with
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existing nodes. In the actual evolution of the industry
alliance network, there exists a series of changes such as
point plus, edge plus, point delete, edge delete and edge
reconnect. For instance, in the process of continuous
change of market economy, knowledge transfer
relationship between the members of the Industry Alliance
is not static. Constantly added to the network, there will
be new members and old members leaving the network
for some reason. It continues to have new members join
the Industry Alliance Knowledge Transfer Network
and old members leave the network for some reason.
Moreover, the knowledge transfer connection between
the old members is unstable. Individual members may
create a new knowledge transfer between both or stop the
knowledge transfer with partners at any time, that is, the
network presents dynamic evolution with the increase
of nodes. Secondly, the merit-based mechanism of the
BBV model is deficient. In the BBV model, the node is
preferred selected to connect edges in accordance with
its strength. However, in the real network, the number of
node connections and the growth rate of nodes strength
are related to not only the strength of the link between
nodes, but also its own “competitiveness”. For example,
a new member of the industry alliance has only a few
connections, that is, its node strength is lower. But if
its knowledge innovation ability is strong or it owns
some sort of knowledge resources advantage, lots of
other members are willing to expand the exchange of
knowledge and technical cooperation with it. The new
member will be at a higher rate to get connected and
its node strength will grow rapidly. Here we call the
competitive ability of nodes as “competitive factor” (Zhou
et al., 2012). Therefore, the weighted network, consider
node competitiveness is essential. Thus, it is essential to
consider nodes’ competitiveness in a weighted network.

2. THE WEIGHTED NETWORK DYNAMIC
EVOLUTION MODEL

In view of problems mentioned in the BBV model above
and the actual characteristics of the industry alliance
knowledge transfer, the paper proposes a weighted
network model taking into account the network dynamic
evolution and node competitiveness. The new model
made the following improvements on the basis of the
BBYV: On the one hand, with the evolution of the industry
alliance knowledge transfer network, as new nodes
constantly join the network, there exists deletion of nodes
and disconnection of old edges. And in order to ensure
the connectivity of the network and effectiveness of
information transfer, the network will continue to produce
new connection. The article fully takes into account the
dynamic evolution of the industry alliance network and
compensate for inadequacies of the BBV network growth
mechanism; On the other hand, each node in the network
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has certain competitiveness, that is, the competitive factor
n, which is defined as the number of edges connected in

the unit time: yi=ni/At (Tao et al., 2009), where At is the
unit time, #,1s the number of edges connected in At time
by nodei .

New nodes select old ones depending on their strength,

which contains node weight and competitiveness factor.
The probability of the node being selected gives:

_ Mtk
Hi 277,-+ki

The paper considers the existence of competition in the
industry alliance to make up for inadequacies of the merit-
based mechanism of the BBV model.

2.1 Evolution Algorithm of the Model

On the basis of the BBV model, the weighted network
dynamic evolution model construction algorithm is as
follows:

e Initial setting: set a given m,nodes and e, full
coupling network edge, given the initial weights
w, to each edge.

e  Dynamic evolution: On the basis of the initial
network, it starts to perform the following
procedures at each time step cyclically:

1)Addition of nodes: Add a new node to the network

with the probability of p,, and is connected to m (m < m,)
nodes already exists to produce m new edges. The
probability of the node i being connected lines with the
node weight s, and the competitiveness factor #,, which
satisfies the following equation:

n+s,

H,IW (1)

The dynamic evolution of the new model’s edge
weights is the same with the BBV model. Each node does
not allow self-connected and re-connected. The weight of
each new edge is given w,,.

ii) Deletion of nodes: delete one node in the network
randomly with probability p,, and all edges connected to
the node are deleted.

iii) Addition of edges: Add new edge to the network
with probability p,, wherein one end of the new edge is
selected randomly, and the other end shall be chosen in
accordance with the equation(1). Reconnection is allowed
here. If the edge is reconnected, then its edge weights w;,
will be increased by 1; If not, the new edge weights w; is
given 1.

iv) Deletion of edges: select one node randomly with
probability p, and determine another one from the nodes
connected to it according to below equation(2), then
disconnect the connection between the two.

r_ 1_1_[”_,,-
=== @

where p, p, p; p,satisty the equation p+p,+p;+p,=1.
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N, represents the total number of nodes in the network
through t time interval. Zsj represents the sum of

strength of all nodes. The average strength of the nodes in
the network is (s,) = Zsj / N, .

2.2 Derivation of the Node Strength Distribution

Using continuum theory and the mean-field theory
(Barabsi et al., 1999), we can be obtain the strength
distribution of node s, within the network. Suppose s;
is continuously changed, then the rate of change of s, is
derived as follows:

i) Add a new node to the network with probability p,,
and connected to m other nodes, causing the change rate
of s;:

%:mpl (1+8)I1,., + z mp, 11, s
ot jer (i) S;

where V(i) represents the collection of all nodes
connected with node i .0 is the additional flow burden
brought by adding a new node mentioned in the BBV
model.

ii) Remove the old node in the network with
probability p, causing the change rate of s;:

os, s

a 2N

t

Usually, the deleted nodes are usually the peripheral
one, which are often marginalized in the network.
Therefore, we will not consider its neighbor nodes’
additional weight reduction J caused by the withdrawal of
the nodes.

iii) Add new edges within the network with the
probability p,, causing the change rate of s;:

0s, 1 1
—=p,| —+|1-—I],,
af p3|:Nt ( Nt] nﬁzj|

The above equation shows that there exists two ways
to increase the strength of node i. The first term on the
right side indicates the rate of change caused by the
randomly selection of one end of the additional edge. The
second term represents the rate of change of the merit-
based selection.

iv) Disconnect edge with the probability p,, causing
the rate of change of s;:

95 __ Dy [L+ [1 —L]—l 11, }
ot N, N,) N, -1,

It is shown that connections of nodei can be reduced
from two aspects. The first term on the right side indicates
the rate of change caused by the randomly selection of
one end of the deletion edge. The second term represents
the rate of change of the merit-based selection.

In summary, the strength change rate of node i at time
t can be expressed as:
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0s, S; 1
5=mp1 (1+25)H,Hl. -p, Vtﬁ)} |:—+[1 ——JH,HI_:I _

L+ 1__ 1 Hﬂ—)l
P Nx Nt t_l i

I, ps-2p
=|m 1425+ H o n—i 3 4
[ D, ( ) ps] nosi pz Nt (p4 p3) N, N,
|:mp1 1+25 +p3:| (p4 p3 L
Zm N, 20+,
Pi-2p,
E— 3
5 3)
Afterf time steps, the sum of nodes’ strength are equal
to:
Zsj =2e, +2[mp1 (1+6)- p, (s,>+p3 —p4]t
The total number of nodes in the network is calculated
as:

N,=m,+(1-p, )t
Whent — o, we get
ZSJ. zZ[mp1 (1+§)—p2<st>+p3—p4]t 4)

N, ~(1-p,)t (5)
Then the average strength of all nodes at time t is:
(s,) = s, 2[mp (146)=py (s,)+ Py~ Py |
t Nt (]_pz)
(s,) = 2(mp, (14+6)+ p, = p.)
! 1+ p,

Substitute the above equation into equation (4), we can
obtain formula:

ZS _ Z[mp] (1""5)'1']73 _p4](1_p2)t
/ 1+ p,
In order to facilitate research, we define the network’s
node competitiveness as h, which reflects the average
competitiveness of all the nodes in the network.

_:&:

The greater the average node competitiveness is, the
more important the competition factor is in the network.
Each node’s competitiveness can play greater role in the
connecting edges. Under ideal conditions, each node’s
competitiveness is not reduced. It is supposed that only
one node is added to the network at every time step and
the competitiveness of each additional node is k. Then
the competitiveness of the total nodes of the network is in
linear relationship with time ¢, that is,

2, =kt

Where k is more appropriate to be the average node

Q)

o
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competitiveness 77, , S0

277,/ ~ 1)t

277 by = 2[mp1(1+5)+p3—p4](1—p2)
s 1+ p,

+770}f ®)

2[mp,(1+28)+ py |(1+ p,) . ©

Z[mp1 (1+5)+p3—p4}(1_Pz)+’70(1+P2)

Substitute equations (5)—(8)into equation (4), we can
obtain the following expression:

%z B = (mpl+p3)(1+p2) n
ot Z[mpl(l+5)+p3—p4](1—p2)+770(1+p2) '

_p3_2p4}i+(1477i_p3_2p4]
l-p, |t 1-p,

Letd=

(10)
[mpl (1+25)+p3:|(1+p2)
Leta = ,
Z[mp] (1+5)+p3 —p4}(1—p2)+770 (1+p2)
2p4
p=An, ~ 11
1 », (11)
So equation (8) can be changed to
8S
o Y +ﬂ_

Set the initial condition s/ ¢, )=m,we can obtain the
following expression:

e
s,=|m+—=||—| —=
' B\t B

Using equation (10), the probability of the node

(12)

P(s,. (t) < s) can be written as:

Vo
P(s,(t)<k)= P[ri > t(%j J -

- P[z<{m+ﬂ/“] J
k+pB/a

The generation rules of the network shows that,
the time of node i adding to the system obeys uniform
distributed, so the probability density of 7, is:

P()=—

my +1t
Therefore, we get the degree distribution of the nodes
P(s)- 6P(sl. (1)< s) 1o (m+/;’/a)l/a

os amy+1(s+pBla)"
When ¢ — ©

P(s)= é[m +§jva (s +§J_y

(13)
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}/:l-{-l:
a

/{ [mp1(1+25)+p3](1+p2) o }_'—1
2[mp1(1+5)+p3—p4:|(1—p2)+770(1+p2) 1-p,
(14)

Similarly, the degree change rate of node i can be
expressed as:

Ok, s, 1 1
-, ~mp, Hn%i Py~ 1P |:_+(1 __JH"»':| )

ot N, N, N,
L_,’_ I_L I_Hn—n'
Ps N, N, ) N,-1,
n,ts, S; L 75 +s,
= dp \li T2, 2y YT
(mpl pS)ZU_/+Si P N, (p4 ps)Nt 277/+Si
_p3_2p4 — /i rl
N e
(15)
Where
, (mp, + p;)(1+ p,) P,

a = _
2[mp1(1+5)+p3—p4](1—p2)+770(1+p2) 1-p,
i (mp, + p;)(1+ p,) "
2|:mp1(1+5)+p3_p4](1_p2)+770(1+p2) l
_p3_2p4
1-p,

. . . Os; s, 1
Combine with the equation a—t’ = a7’+ﬁ—, we can
t

draw that:
!

k=25 +B (16)
o

The equation (16) shows that the degree k; and strength
s; has a linear correlation for any node i, while the value
of this coefficient is a”a.

3 NUMERICAL SIMULATIONS

3.1 Experimental Simulation

In response to the above theoretical analysis, we test the
power-law characteristics of the node through simulation.
In the simulation experiment, let d=0=1, w,=1, my=m=3.
As can be seen from figure 1, the strength distribution and
the degree distribution of the nodes both show significant
power-rate characteristics, matching with the theoretical
analysis of the results. Figure 2 shows that the node
strength has a linear correlation with the node degree,
which is consistent with the theoretical results and verify
the reasonableness and correctness of the model.
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Figure 1
Diagram of Degree and Strength Distribution
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Figure 2
Diagram of Relation Between Degree and Strength

3.2 The Competitiveness Factor

According to the evolution rules of the new model,
we simulate the power-law characteristics in different
situations through numerical simulation. In the simulation
experiment, set the final evolution of the network
size N=3000, m;=m=3, take different value of nodes
competitiveness factor h to examine their impact on
network characteristics.
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Figure 3

Strength Distribution of N=3000, h i[0,10]
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Strength Distribution of Different o
When node competitive factor ranges very small, as

can be seen from figure 3 that 7 €[0,10], representing

almost not considering the impact of competitive factors.
We can see that the new model is consistent with the
BBV model. However, when the competitive factor’s

range is large, as shown in igure 4 that 77 € [200, 2000]

, the node is also subject to the power distribution. But
the distribution interval of the node strength changes
significantly. Nodes of high degree decrease significantly,
suggesting that competitive factor has a certain influence
on the strength distribution of the network node.

Moreover, with the increase of # such as 77 6[0,100]

and [200,2000] shown in figure 4, nodes of large strength
reduced in the latter interval. The strength distribution of
nodes in the network is more uniform, that is, “overload”
nodes don’t appear in the network, so do the “useless”
nodes. This has certain reference significance value for
the study of real networks. For example, in the industry
alliance knowledge transfer network, as for a specific
research project, we can not only select leader members of
certain influence, but can also consider new members with
innovation and competitiveness capacity to participate
in. So in the course of the project, new members can
promote the process of the project by virtue of its unique
advantages in resources and innovation ability, which can
improve the development and application efficiency of
scientific research. At the same time, since the advantages
of the members are complementary, there will not appear
that some members undertake too much task while others
doing nothing, so as to conserve resources and manpower.

3.3 The Impact of Parameters p,-p, on Network
Characteristics

From the above analysis, we know that y=1 Ja+1, where
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[mp] (1+25)+p3](1+p2) D,
o= _
2[mp1(1+5)+p3—p4](1—p2)+770(1+p2) 1-p,

In order to simplify the description of the influence
on network characteristics with the introduction of
parameters p, — p,, we just not consider the competitive
factor n and set m=3, =1, so the above equation can be
deformed into:

364 Ly (14 p,)

Py 4 __b
1_
2[6”‘+”3—1J(1—p2) P2

Py Py
i) Fix p, and p,/p, (let p,=0.1, p,/p,=3), and parameter p,

a= a

— p, satisfy equation p,+p,*+p;+p,=1. Change the value of
pl/p4, and we find that the power-law index i increases

with p,/p, as seen in figure 5. This is because p, represents
the increase of edges in the network, p, represents the
deletion of edges. The increase of p,/p, reflects the deletion

trend of edge is greater than the increase trend, so the
network strength value will increase accordingly. In other
words, the trend of edges’ relative increments will make
the strength distribution of the original network becomes
more uneven, making the rich richer and the poor poorer.
ii) Fix p, and p,/p, (let p,=0.1, p,/p,=3), and makes
parameter pl — p4 satisfy equation p,+p,+p;+p,=1.Change
pi/ps, and we reach conclusion that the power-law index

y decreases with the increase of p,/p, as seen in figure 6.

This phenomenon shows that the increase of edges within
the network can narrow the gap of strength between each
node, making the strength distribution of the network
becomes uniform.
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Figure S
Diagram of Relation Between g and p1/p4
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Strength Distribution of BBV Model and the New
Model

iii) Fix p,/p, and ps/p, and change p, making parameter
pl-p4 satisfy equation p,+p,+ps+tp,=1.

Copyright © Canadian Research & Development Center of Sciences and Cultures 42

We get the diagram 7 of the power-law exponent y and
P>, which shows that y is linear increment relationship with
P, As p, represents deletion of the nodes, the increase of
p, means the number of nodes in the network is reduced
corresponding. Thus, connection edges assigned to the
remaining nodes would increase, so that the strength of
the network can be increased.

4. ADAPTIVE ANALYSIS

Now, we use the competitive merit-based weighted
network evolution model to explain the knowledge
transfer problem of the industry alliance. Consider each
industry alliance member as a network node, knowledge
transfer relationship as an edge, and the number of
cooperation between two members is seen as the edge
weight. In the early stage of development of the industry
alliance, there are only a small number of members
(nodes) and knowledge transfer relations (edges). With
the increasingly fierce market competition, more and
more companies are beginning to realize that integration
of resources is the key to maintaining their competitive
advantage, so companies would continuously chose to
join the industry alliance. When the new enterprise start
to set up knowledge exchange relationship, it will not
only give priority to the core enterprises that have already
established knowledge transfer and cooperative relations
with many other ones, but also want to build relationships
with some young companies that owning competitive
advantage in the market. For instance, a young enterprise
have only found knowledge transfer relationship with
a small amount of enterprises temporarily just because
its added time is shorter or its product is relatively new
for other members. But if it has a strong knowledge
innovation capability or owns some technical advantages
in resources or other aspects, others members will try
to cooperate with it unceasingly. As a result, the young
enterprise will be booming gradually. Therefore, new
enterprises will comprehensively consider the popularity
(length of established time) and competitiveness of the
other members in choice of partners. In the development
process of Industry Alliance, two members who have
had fine cooperation experience with each other will be
likely to interact more frequently in order to promote the
development of both; while members with no cooperation
experience can also build knowledge transfer relationships
if new cooperation projects or other opportunities appear.
At the same time, after experiencing cooperation, some
members would no longer be willing to proceed with
knowledge exchanging due to differences in corporate
culture or exchange barriers or other reasons. Cooperation
between the two is less, or there would no cooperation
eventually. Each member of the Industrial Alliance may
exit due to various reasons, such as the Industry Alliance
is no longer conducive to their own development or the
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enhancement of their competitiveness, then the originally
established partnership will be disconnect.The dynamic

Table 1

evolution mode of the Industry Alliance knowledge
transfer network is as follows (see Li and Zhao, 2012):

Industry Alliance Knowledge Transfer Network Evolution Model

Evolution behavior Representation

Illustration

New members join Node addition

competitiveness

Enterprises choose to join the alliance in order to obtain the resources and enhance their own

Some enterprises can not meet the Union's needs (technical standards, knowledge level, etc.),

Old members quit Node deletion

and are required to withdraw;
Companies can not obtain knowledge or resources that favoring their own development, so

they take the initiative to withdraw from the Union.
Members who have had fine collaboration experience will continue to cooperate with each

Establish new cooperative

relationship Edge addition

participate in;

other;New research projects or activities may make many of the non-cooperation enterprises to

Each member will continue to look for new partners to expand their business knowledge and

technology resources for their own development.

Cancel existing cooperative

relationship Edge deletion

As partners are unable to carry out effective knowledge exchange or meet each other’s capacity
requirements, they will not continue their cooperation

The practical significance of the new model is as
follows:

i) The four kinds of assumptions mentioned in the
new model have all emerged in the real industry alliance
knowledge transfer network, which is in line with the
actual situation. Actual networks are not like the BBV
model which simply adds nodes and edges. When
the network size increases, it will present a dynamic
evolution with a series of changes, such as deletion of
nodes, construction of new edges and deletion of old
edges. Due to the existence of competition, the industry
alliance members will not only consider the length
of time other member staying in the alliance but also
each other’s potential competitiveness. This is why we
introduce parameter p,, p,, p;, ps and 5 to the model. By
appropriately adjusting the parameters, we enable the
network tend towards equilibrium. As shown in figure 8,
due to the introduction of the parameters, the new model’s
power curve downward trend has slowed and nodes of
great strength has also significantly reduced, thereby
enhancing the robustness of the network. Therefore,
we can change the value of the power law index y by
adjusting p,, p,, ps;, p, and n according to the impact of
different parameters on y. Then use it as a reference to
control the industry alliance network artificially according
to the actual needs to balance the network load and
enhance its performance.

ii) Competitive differences and merit-based chosen
always appear in the movie networks, the World Wide
Web, social cooperation networks, biological networks
and many other real networks. Using the new model
can explain these phenomena occur in the network. For
example, the power law index of the movie cooperation
network is 2.3, the www network is 2.4, and the metabolic
network is 2.1, which is in the range of the new model.
Therefore, we can change get the same power law index
and the actual network, by adjusting various parameters
can change the value of y. to get the same power law index
with the actual network. We can guide the construction
of the actual network and adjust the characteristics of
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the network as a whole on the basis to the simulation
results. The model has universal usability and practical
significance.

CONCLUSION

Based on the improvement of the BBV weighted network
model, the paper also considers the addition of new
edges, the deletion of old nodes and connections and the
competitiveness factor by introducing parameters p,, p,,
3, s and 5. Through using continuum theory and the mean
field theory, we got the asymptotic solution of the strength
and degree distribution of the power-law index. Results
showed that it still had the general nature of the scale-
free network, and the BBV network model was just a
special case. The correctness of the theoretical analysis is
proved by the simulation. Such a competitive merit-based
dynamic evolution model has a wider range of practical
and applicable use than the BBV model. We can utilize the
new model to regulate the entire network by add or delete
edges and nodes randomly, making the actual network
develop toward an ideal and favorable direction. At the
same time, we can analog and characterize the evolution
and characteristics of many real networks by adjusting
parameters to change the scope of the power-law index,
therefore, the model is more universal and authenticity.
The present work could be extended in at least three
directions. First, one could investigate the inherent
mechanism and evolution of the industry alliance
knowledge transfer more in-depth. The new model
construction is based on the industry alliance knowledge
transfer, which is the simplification of the real network.
So its evolution algorithm should be further improved.
Analyzing the actual situation of the industry alliance
can provide a realistic basis for the theoretical model
building. Second, enhance the applicability of the model
in the industry alliance complex networks. At present, the
use of complex network theory into the industry alliance
is still in the trial stage, especially the weighted network
research. How to make the complex network theory more
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effectively guide the industry alliance knowledge transfer
activities is worthy of further study. Finally, increase
empirical research and analysis. One could extend our
model by conducting empirical research combined with
case studies. Through analysis of a typical case, one could
get a combination of qualitative analysis and quantitative
analysis, which will become further research objectives of
this study.
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