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Exploring the mechanism of tacit knowledge dissemination is the basis of tacit

knowledge management. This paper explores the mechanism of tacit

knowledge dissemination in Newman-Watts small-world networks using

the SIR model. The introduction of diffusion in the traditional diffusion

model does not change the stability of the system. Therefore, It cannot

explain the dissemination process. We replace the diffusion term with the

adjacencymatrix of the network to achieve dissemination. The results indicate

that the diffusion of tacit knowledge subjects and the entropy of the network

(NSE) play a crucial role in generating periodic and local dissemination

behaviors. This model can guide significance for effectively accelerating

tacit knowledge dissemination and improving the core competitiveness of

the enterprise.
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1 Introduction

Tacit knowledge management is an integral part of enterprise knowledge

management [1]. It is a core element of tacit knowledge management to make tacit

knowledge spread rapidly and widely in enterprise alliance [2]. Most of the researches on

tacit knowledge dissemination have focused on the influencing factors. They are

distributed at different levels of individuals, organizations and teams, as well as in

two different dimensions of facilitation and inhibition [3]. The tacit knowledge

dissemination system is a nonlinear and complex system [4]. Strong nonlinear

dynamics characteristics are reflected in the internal movement of the system,

subjects multilevel, the knowledge complexity and knowledge diffusion environment

complexity [5]. At the same time, the tacit knowledge dissemination by different subjects

has different effects on the system dynamics. Exploring the dynamics of tacit knowledge

dissemination is the basis for analyzing the factors affecting its dissemination. Due to the

characteristics of tacit knowledge and the dependence of dissemination process on social

relations [6], it is necessary to study the network dynamics behavior of the tacit knowledge

dissemination system.
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The tacit knowledge dissemination model is usually based on

the classical SIR model. Kerssens and Cooke introduced the SIR

model to describe the internal dissemination mechanism of

knowledge [7]. The SIR model is also used in various fields,

such as disease communication [8], information communication

[9] and knowledge communication [10]. Del Valle Rafo et al.

summarized how to model the spread of diseases in social

networks using mean-field models[11]. Bajiya et al. used

graph theory techniques and Lyapunov functions to establish

the global stability of disease-free equilibrium points and

endemic equilibrium points [12]. By constructing an

interactive model of disease transmission and information

transmission, Zhan et al. illustrated that complex network

transmission and information transmission processes are

highly correlated[13]. The system dynamics model [14] and

knowledge dissemination model [15] and fluid dynamics

model [16] have made significant contributions to study tacit

knowledge dissemination. The above researches reveal the law of

tacit knowledge dissemination in organizations. They provide a

better theoretical basis for the knowledge management practice

of enterprises. However, due to the characteristics of tacit

knowledge and the dependence of dissemination process on

social relationship, we will introduce social networks into the

tacit knowledge dissemination model.

The studies of tacit knowledge dissemination from network

perspective are increasing. Some studies analyze the thresholds

and influencing factors of knowledge dissemination by extending

the SIR model and combining it with complex network theory

[17,18]. Liu et al. proposed that knowledge dissemination model

driven by interaction frequency in social networks. The model

have faster than traditional models [19]. The epidemic

transmission models are commonly used to describe

knowledge dissemination processes. However, forgetting

mechanism is an essential element affecting tacit knowledge

dissemination [20]. The forgetting mechanism is introduced

into the SIR model to analyze the presence of a threshold for

rumor propagation [21]. Cao et al. conclude that better cultural

climate increases the knowledge enriched population combined

the forgetting hierarchy [22]. The influence of network structure

on tacit knowledge dissemination cannot be ignored [23]. Wang

et al. studied the relationship between network structure and

knowledge dissemination [24,25].

The tacit knowledge dissemination system is a diffusion

system. Diffusion system application covers many disciplines,

such as, predator-prey models of ecosystems [26], the spread of

infectious diseases [27]. In addition, the absorptive capacity of

tacit knowledge subjects affects tacit knowledge dissemination

efficiency. Wei constructed networks from the interpersonal

construct level, and found that the level of absorptive capacity

affects the choice of network type [28]. Referring to [29], the

absorption capacity of the subjects is determined to be less than

0.5 in this study. The above literatures have discussed factors

influencing knowledge dissemination from different levels. How

each factor and the tacit knowledge subjects diffusion affect the

efficiency of knowledge dissemination will be our concern.

This study constructs a tacit knowledge dissemination model of

network organization with SIR model and tacit knowledge subjects

diffusion network. The effects of network structure and knowledge

subjects diffusion are investigated through network dynamics

analysis. The study explains internal dynamic mechanism of tacit

knowledge dissemination and management mechanism.

2 The model of tacit knowledge
dissemination

The employees of enterprise alliance can be divided into three

categories according to whether they have tacit knowledge,

i.e., knowledge learners, knowledge disseminators and

knowledge immunes. According to the theory of SIR model,

knowledge disseminators are identical to infected people carrying

viruses; knowledge learners are equivalent to susceptible people;

knowledge immunes are equal to infected people who recover

health after treatment and removal. We set that each person has

the same ability to spread knowledge. Knowledge dissemination

occurs between knowledge learners and tacit knowledge

disseminators in the process of work and learning. Generally,

the employees of enterprise alliance will be stable under non-

special circumstances. In the meanwhile, the competition among

enterprises may lead to the loss of employees and their transfer.

Tacit knowledge has the risk of degradation. It is necessary to

fully explore employees tacit knowledge to be transferred to other

employees, and then continuously circulated and flowed, and

then rise to the tacit knowledge of the whole organizational

structure layer. At the same time, due to forgetting mechanism,

knowledge disseminators receive tacit knowledge and forget it.

Because they do not apply it in time in work and study, or it has

no value. The forgetting factor needs to be considered in the

process of tacit knowledge dissemination. According to the basic

assumptions of the tacit knowledge dissemination model, the six

assumptions are given as follows.

Hypothesis 1: Firstly, we consider three types of individual in

the enterprise alliance. A kind of individual who do not have

some tacit knowledge is called knowledge learners. It assumes

that the number of such individual is S(t). The second type of

individual who have some tacit knowledge is called knowledge

disseminators. This type of individual is the main body of

disseminating tacit knowledge. It assumes that the number of

disseminators is I(t). The third type of individual is knowledge

immunes. Such individual possess tacit knowledge. However,

they consider tacit knowledge is useless for their work. On the

other hand, they are not interested in the tacit knowledge and do

not disseminate it anymore. It assumes that the number of

knowledge immunes is R(t).

Hypothesis 2: The total number of individual in enterprise

alliance is N at time t. The time is measured in days.
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Hypothesis 3: We consider the transfer rate and resignation

rate of employees in the enterprise alliance. It assumes that the

transfer rate of new employees is μ. The resignation rate of

employees is β. We believe that the transferred new employees do

not have tacit knowledge.

Hypothesis 4: When knowledge learners come into contact

with knowledge disseminators, knowledge learners may be

potentially influenced and transformed into knowledge

disseminators with the possibility of η.

Hypothesis 5: Since the disseminators may think that

knowledge dissemination does more disadvantage than

advantage or is not interest in knowledge, they stop spreading

tacit knowledge. Disseminators may be transformed into

immunes with the possibility of γ.

Hypothesis 6: With the evolution of time, tacit knowledge may

be forgotten by the knowledge subject. Due to forgetting, the

disseminator may transform into immunes with the possibility of δ.

With the above assumptions, the schematic diagram of tacit

knowledge dissemination is shown in Figure 1.

The model can be represent as Eq. 1.

dS

dt
� μ − βS − ηSI

dI

dt
� ηSI − βI − γI − δI

dR

dt
� γI + δI − βR

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
(1)

To find the equilibrium point of the above model, we make

the right-hand side of the equation equal to zero. We can get two

equilibrium points of the equation

P1
μ

β
, 0, 0( )

P2
β + γ + δ

η
,
μη − β2 − βγ − βδ

η β + γ + δ( ) ,
γ + δ( ) μη − β2 − βγ − βδ( )

βη β + γ + δ( )( )
Meanwhile, the basic reproduction number R0 as an

important parameter in the initial stage of tacit knowledge

dissemination. From system Eq. 1, we get R0 � η
β+δ+γ. If R0 <

1, tacit knowledge dissemination disappears; if R0 > 1, tacit

knowledge dissemination continues.

From the equilibrium point, we know that the number of

disseminators is zero at P1. If the system stabilizes at P1 as time

evolves, the dissemination of tacit knowledge will disappear.

Knowledge dissemination occurs if the system stabilizes at P2.

Therefore, we can obtain the following theorem.

Theorem 1: The equilibrium point P1 of system Eq. 1 is stable

when μη ≤ β2 + βγ + βδ, then the dissemination of tacit

knowledge disappears. The equilibrium point P2 of system Eq.

1 is stable when μη ≥ β2 + βγ + βδ, then the dissemination of tacit

knowledge exists.

Proof: Jacobian matrix of system Eq. 1 at the equilibrium

point is

B �
−β − ηIp −ηSp 0

ηIp ηSp − β − γ − δ 0
0 δ + γ −β

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ (2)

The characteristic equation at the equilibrium point is. A =

|B− λE| =(−β − λ)[(−β − ηIp − λ) (ηSp − β − γ − δ − λ) + η2SpIp] =

(λ + β)[(λ + β + ηIp) (λ − ηSp + β + γ + δ) + η2SpIp] = 0.

FIGURE 1
Schematic diagram of tacit knowledge dissemination.

FIGURE 2
NW small-world networks constructed when N = 100, m = 5
(A) p = 0.01, (B) p = 0.05.
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For P1, there is.A(P1) � (λ + β)[(λ + β)(λ −μη
β + β + γ +

δ)] � 0, λ1 � −β, λ2 � −β, λ3 � μη
β − β − γ − δ,

For P2, there is. A (P2) = (−β − λ)[(−β − ηIp − λ) (ηSp − β − γ −

δ − λ) + η2SpIp] = 0. λ1 � −β, λ2,3 � −(β+ηIp) ±
�����������
(β+ηIp)2−4η2SpIp

√
2

According to the Routh-Hurwitz theorem [30], system Eq. 1
is stable at P1 when μη ≤ β2 + βγ + βδ. Therefore, tacit knowledge
dissemination will not take place. System Eq. 1 is stable at P2 if
μη ≥ β2 + βγ + βδ. The tacit knowledge will spread steadily.

Theorem 2: When μη ≥ β2 + βγ + βδ, the stable number of

knowledge disseminators I* is an increasing function of the

employee transfer rate μ and the tacit knowledge

dissemination rate η.

Proof: When μη ≥ β2 + βγ

+ βδ.Ip � μη−β2−βγ−βδ
η(β+γ+δ) � μ

β+γ+δ − β2+βγ+βδ
η(β+γ+δ),

Then, Ip is an increasing function of μ and η.

Theorem 1 gives the parameter conditions for the stable

dissemination of tacit knowledge in a enterprise alliance.

Theorem 2 illustrates that the number of knowledge

disseminators can be adjusted by increasing or decreasing μ or η

when the resignation rate of employees satisfies certain conditions.

The above theorems give the parameter conditions for the

dissemination of tacit knowledge. The tacit knowledge has the

characteristics of complexity and implicit[31]. It is not

transmitted through data, but through employees contact.

Therefore, the contact of knowledge subjects plays an

important role in accelerating the spread of tacit knowledge.

Therefore, we consider introducing diffusion into the model.

Currently, considering the diffusion process of knowledge

learners and knowledge disseminators, system Eq. 1 can be

written as

zS

zt
� μ − βS − ηSI + d1∇

2S

zI

zt
� ηSI − βI − γI − δI + d2∇

2I

zR

zt
� γI + δI − βR

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
(3)

Where d1 and d2 are diffusion coefficients. d1 > 0, d2 > 0.

Theorem 3: The addition of the diffusion does not change the

stability of the system when the equilibrium point of the system is

stable.

Proof: The Jacobian matrix for system Eq. 3 can be

written as

B �
−β − ηIp − d1k

2 −ηSp 0
ηIp ηSp − β − γ − δ − d2k

2 0
0 δ + γ −β

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ (4)

First, P1 and P2 are stable for system Eq. 1.

The characteristic equation of system Eq. 3 at the equilibrium

point is A = |B− λE| =(−β − λ)[(−β − ηIp − λ − d1k
2) (ηSp − β − γ −

δ − λ − d2k
2) + η2SpIp] = 0.

For the P1, λ1 � −β, λ2 � −β − d1k2, λ3 � μη
β − β − γ − δ −

d1k2.

System Eq. 3 is stable.
For the P2, λ1 � −β, λ2,3 �

−(β+ηIp+d1k2+d1k2) ±
������������������������������
(β+ηIp+d1k2+d2k2)2−4[d2k2(β+ηIp+d1k2)+ηSpIp]

√
2 .

By the Routh-Hurwitz theorem, system Eq. 3 is stable.

Therefore, Theorem 3 illustrates that diffusion does not

change the stability of the system for the traditional model.

Therefore, it cannot reveal the mechanism of tacit knowledge

diffusion. In the following, we consider the mechanism of tacit

knowledge dissemination in NW networks.

3 The model of tacit knowledge
dissemination in network

3.1 Network construction

The traditional diffusion theory can no longer explain the effect of

diffusion of employee on the spread of tacit knowledge. We try to

construct the tacit knowledge dissemination model on the complex

network. In a social network, the friends of employees in a enterprise

alliance are colleagues who live together or work in the same

company. On the other hand, there may be multinational

companies in the alliance. The friends of employees are located in

a foreign country. With the popularity network technology, they can

communicate remotely though the internet. The enterprise alliance

shows a typical small-world nature. Remote communication by the

internet corresponds to the remote connection generated by

increasing the connected edges in the NW model. The subjects of

tacit knowledge dissemination in enterprise alliance are employees. It

is very appropriate to use NW networks to simulate the relationship

among employees of enterprise alliance. Therefore, we can construct

tacit knowledge dissemination model in the NW network to explore

the dissemination of tacit knowledge.

Based on small characteristic path length and significant

clustering coefficient of the NW network, Newman and Watts

further proposed that a critical value of characteristic path length

occurs, i.e. it possesses a continuous phase transition in the limit

where the density of shortcuts tends to zero [32]. NW network

starts from a ring with N nodes [33]. Each node represents an

employee in the enterprise alliance. It only influences its

connected nodes. An edge is added between a randomly

selected pair of nodes with probability p. No self-loop or

bound edge is allowed. The NW network is obtained by

establishing new connections to unbounded nodes without

changing the original relationship of nodes, or introducing

shortcuts to strengthen connections between networks.

Figure 2 shows the network of 100 nodes of 5 enterprises with

different reconnection probabilities p. The probability p represents the

probability of adding an edge between any two nodes which do not

have adjacent edges. The p can be viewed as the probability of

communication among employees who do not know each other.
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When p is small, the corresponding network is sparse by the

definition of network density ρ � M
1
2N(N−1)(M is the actual number

of edges in the network). In addition, when p is not small, employees

are willing to expand their communication circle and share their

experiences with others. For enterprises of enterprise alliance, they are

eager to establish corresponding platforms to promote

communication among employees. The frequency of

communication is significantly increased. The network is denser.

3.2 Tacit knowledge dissemination in NW
network

The dissemination behavior of tacit knowledge is related to the

dynamical behavior of SIR model and the NW network. We

combine the system dynamics of the SIR model and the NW

network to study the tacit knowledge dissemination. We can get

a symmetric matrix showing the employees communication in the

enterprise alliance and derive a new model.

dSi
dt

� μ − βSi − ηSiIi + d1∑N

j�1AijSi

dIi
dt

� ηSiIi − βIi − γIi − δIi + d2∑N

j�1AijIi

dRi

dt
� γIi + δIi − βRi

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
(5)

Where A = (Aij) denotes the adjacency matrix. The

eigenvalues of A may be positive, negative, or zero due to the

coupling of the network nodes.

The stability of system Eq. 5 is closely related to the

eigenvalues of the adjacency matrix. Now, we discuss the

stability of tacit knowledge dissemination system. The

Jacobian matrix of system Eq. 5 at the zero-equilibrium

point is

Bi �
−β + d1Λi −ηSp 0

0 ηSp − β − γ − δ + d2Λi 0
0 δ + γ −β

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ (6)

Where Λi denotes the eigenvalues of the adjacency matrix A.

The eigenvalues of the system can be written as λ1i � −β +
d1Λi, λ2i � μη

β − β − γ − δ + d2Λi, λ3i � −β.
According to stability theory [34], it is known that system

Eq. 5 is unstable when d1Λi > β or d2Λi > β + γ + δ − μη
β . At this

time, the tacit knowledge dissemination phenomenon occurs.

The stability of system Eq. 5 is closely related to the

eigenvalues of the adjacency matrix. Thus, we can obtain

the improved model.

dSi
dt

� μ − βSi − ηSiIi + d1ΛiSi

dIi
dt

� ηSiIi − βIi − γIi − δIi + d2ΛiIi

dRi

dt
� γIi + δIi − βRi

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
(7)

Sometimes it is difficult to obtain the eigenvalues. We try to

simplify tacit knowledge dissemination the model of network

organization by introducing the maximum of the eigenvalues of

the adjacency matrix. System Eq. 7 can be rewritten as

dSi
dt

� μ − βSi − ηSiIi + d1ΛmaxSi

dIi
dt

� ηSiIi − βIi − γIi − δIi + d2ΛmaxIi

dRi

dt
� γIi + δIi − βRi

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
(8)

Where Λmax = max{Λi, i = 1, 2, 3, ···, N}, and λ1max � −β +
d1Λmax, λ2max � μη

β − β − γ − δ + d2Λmax, λ3max � −β.
As long as there is an eigenvalue greater than zero, the

zero-equilibrium point of system Eq. 8 will become unstable.

0 200 400 600 800 1000 1200
t

0

2

4

6

8

I*

S
I
R

A

0 200 400 600 800 1000 1200
t

0

0.5

1

1.5

2

I*

S
I
R

B

FIGURE 3
(A) The equilibrium point P2 is stable when the parameters μ=0.1, β=0.01, η=0.3, γ=0.2, δ=0.5. (B) The equilibrium point P1 is stable when the
parametersμ = 0.1, β = 0.1, η = 0.3, γ = 0.2, δ = 0.5. the initial values are (1,1,1).
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Ip > 0 when the system is unstable at the zero-equilibrium

point. Then, tacit knowledge will spread. The maximum

eigenvalue of the adjacency matrix plays a crucial role in

tacit knowledge dissemination system. To study the rich

dynamical behavior of the system, the following two

Lemma are introduced:

Lemma 1[35]: For an n-dimensional linear system _X � BX,

if all eigenvalues of the linearized matrix B has negative real parts,

the system is asymptotically stable at zero-equilibrium point

(0 ∈ Rn).

Lemma 2[36]: For an n-dimensional ODE system (n ≥ 3), if

there is a saddle-node bifurcation and a Jacobian matrix at the

saddle-node bifurcation has a zero eigenvalue, and there exists

a nu eigenvalue with Reλj > 0 and an ns eigenvalue with Reλj <
0. Then a saddle-node with ns. nu > 0, ns + nu + 1 = n has at

least two homoclinic orbits. At the same time, the vanishing of

FIGURE 4
(A) The P1 is stable when μ = 0.01, β = 0.01, η = 0.3, γ = 0.2, δ = 0.5. (B) The bifurcation diagram of system Eq. 1 about μ. (C) The P1 is stable when
μ = 0.1, β = 0.01, η = 0.05, γ = 0.2, δ = 0.5. (D) The bifurcation diagram of system Eq. 1 about η.

FIGURE 5
(A) The equilibrium point P2 is stable when μ= 0.1, β= 0.01, η = 0.3, γ = 0.2, δ= 0.1. (B) The equilibrium point P1 is stable when μ= 0.1, β= 0.1, η=
0.3, γ = 0.2, δ = 1 the initial values are (1,1,1).
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a saddle point can produce an infinite number of periodic

orbits.

In order to study the influence of network structure, the

concept of entropy will be introduced. The entropy of network

structure is defined to quantitatively study the heterogeneity of

complex networks[37]. The connectivity of nodes determines the

importance of the nodes in the network. We give the definition of

node importance. Let the degree of node i in the network be ki
and define Ii � ki∑N

i�1ki
. When ki = 0, the node is not meaningful to

our discussion. So we assume ki > 0, then Ii > 0. E � −∑N
i�1IilnIi is

defined as the structural entropy of the network. When the

network is perfectly uniform, i. e, Ii = 1/N, E takes the

maximum value Emax � −∑N
i�1 1N ln 1

N � lnN. It assumes that

ki > 0 and ki ∈ N
+
. When all nodes in the network are

connected to a central node i. e, k1 = N − 1, kj = 1 (j ≠ 1),

the network is the most heterogeneous, and the entropy of the

network structure is the smallest. That is, when I1 � 1
2 and

Ij � 1
2(N−1) (j ≠ 1), we have Emin � −∑N

j�2
1

2(N−1) ln
1

2(N−1)
−1
2 ln

1
2 � ln(4(N−1))

2 . To drain the effect of the number of nodes

N on E, we normalize the network structure entropy.

E � E − Emin

Emax − Emin
� −2∑N

i�1IilnIi − ln 4N − 4( )
2lnN − ln 4N − 4( )

is the standard form of the entropy of the network

structure, where 0 < E < 1. Here, the higher the

entropy of the network structure, the more homogeneous the

network is.

From the above analysis, the following results can be

obtained:

FIGURE 6
The change of NSE with edge number k.

FIGURE 7
The pattern formation is given when d1 = 0.1, d2 = 0, μ = 0.1, β = 0.1, η = 0.3, γ = 0.2, δ = 0.5. Periodic dissemination behavior appears. The
dissemination period becomes shorter. The blue region indicates that there is no disseminators in the system. At this time, the system is stable and the
dissemination phenomenon does not exist. If the color gradually becomes shallow, then the system is unstable. Knowledge disseminators exist when
the system is unstable. Tacit knowledge begins to spread (A) The system is stable when k = 10. (B) The system is unstable whenk = 100. (C) The
system is unstable whenk = 200 (D) The system is unstable when k = 400.
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Theorem 4: For system Eq. 5, if all eigenvalues at the

equilibrium point have negative real parts, the system is

stable. Otherwise, it is unstable.

Proof: system Eq. 5 can be viewed as a system of 3N

equations. Its linearized equations can also be written as
_X � BX, where B is a 3N × 3N square matrix. By Lemma 1,

the system is stable if all eigenvalues have negative real parts.

Otherwise, it is unstable.

Theorem 4 shows that the system stability changes

when the relationships between network nodes are

introduced. The eigenvalues are obtained to satisfy certain

conditions. System instability leads to the dissemination of

tacit knowledge. The mechanism of tacit knowledge

dissemination is shown from the perspective of system

dynamics.

Theorem 5: For system Eq. 5, if the eigenvalueΛi (i = 1, 2, 3 ···
N) of the linearized matrix A causes saddle bifurcation and ns.

nu > 0, ns + nu + 1 = N, periodic orbits will be generated for

system Eq. 5.

Proof: The eigenvalue Λi of the linearized matrix A can be

regarded as a control parameter of the system. According to

Lemma 2 and Theorem 4, periodic orbits will appear in

system Eq. 5.

Theorem 5 proves that saddle node bifurcation occurs in the

system when the eigenvalue satisfies certain conditions. The

disappearance of saddle points generates infinitely many circular

trajectories, which proves the cycle dissemination of tacit knowledge.

Corollary 1: For system Eq. 8, if the eigenvalue Λmax of the

linearized matrix A causes saddle bifurcation and ns. nu > 0, ns +

nu + 1 = N, periodic orbits will be generated for system Eq. 8.

Proof: If Λmax causes saddle-node bifurcation, let Λi = Λmax,

then according to Theorem 4, system Eq. 8 can generate periodic

orbits.

Theorem 6: In the homogenous network, In the case of

stability analysis, the stability of system Eq. 5 and system Eq. 7 is

consistent.

Proof: In a homogeneous network, the eigenvalues of the

matrix A are meaningful when the coupling strength of the

network reaches a certain value. Meanwhile,Λmax =max{Λi, i = 1,

2, 3, ···, N}. Thus, whenever λ1max, λ2max, λ3max has a negative real

part. Therefore, there must be λ1i, λ2i, λ3i that all have negative

real parts.

Theorem 6 shows that in the case of homogeneous networks,

the stability of the network organization model is consistent with

the original model through stability analysis.

4 Numerical results and discussion

We verify our theoretical results by numerical simulation and

set the appropriate parameters μ = 0.1, β = 0.01, η = 0.3, γ =

0.2, δ = 0.5.

Based on Theorem 1, Figure 3 demonstrates that the

system stabilizes at a positive equilibrium point when the

parameter conditions are satisfied μη ≥ β2 + βγ + βδ. A

suitable initial value condition is selected. The system

stabilizes at a zero equilibrium point when the parameter

conditions are satisfied μη ≤ β2 + βγ + βδ. According to

Theorem 2 and comparing Figure 3 with Figure 4, it can be

seen that the number of disseminators gradually decreases

and finally disappears when the transfer rate decreases from

0.1 to 0.01 and certain parameters are satisfied. At the same

time, the number of disseminators in enterprise alliance also

decreases with the decrease of the tacit knowledge

dissemination rate. Figures 4B,D give the critical values of

the parameters for tacit knowledge dissemination, i.e., the

bifurcation points of the system. Figure 4B shows that the

system bifurcates when μ = 0.3, i.e., the transfer rate needs to

reach 0.3 for the stable dissemination of tacit knowledge

within the enterprise alliance. Similarly, Figure 4D provides

a reference for the setting of the transmission rate.

Therefore, enterprise alliance need to implement

FIGURE 8
The pattern formation is given when d1 = 3, d2 = 0, μ=0.1, β= 0.1, η= 0.3, γ= 0.2, δ= 0.5. (A) The system is unstable when k= 50. (B) The system
is unstable when k = 100.
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interventions to ensure the stable dissemination of tacit

knowledge.

Figure 5 shows that the number of disseminators decreased

gradually when δ increased from 0.1 to 1. Therefore, higher

forgetting rate inhibits the spread of tacit knowledge.

Therefore, employees should strengthen theoretical learning

to reduce forgetting rate and promote the spread of tacit

knowledge.

Figure 6 shows that NSE increases and then stabilizes when

k gradually increases. When the entropy of the network

structure is larger, the network is more uniform and more

conducive to the dissemination of tacit knowledge. Figure 7

illustrates that when k is small, λ1 < 0, system Eq. 5 is stable.

When k increases, the system is unstable. At this time,

λ1 = −0.1 + d1Λmax > 0. According to Theorem 4 and

Corollary 1, the system Eq. 5 bifurcates (λ1 = −0.1 +

FIGURE 9
The pattern formation when k = 100, d2 = 0, μ = 0.1, β = 0.1, η = 0.3, γ = 0.2, δ = 0.5. (A) The system is stable when d1 = 0.1. (B) The system is
unstable when d1 = 1.

FIGURE 10
The pattern formation is given when k = 150, d2 = 0, μ= 0.1, β= 0.1, η= 0.3, γ= 0.2, δ= 0.5. The subfigure shows the stability of the system in the
time interval (80–100). (A) The system is stable when d1 = 0.01 (B) The system is unstable when d1 = 0.1. (C) The system is unstable when d1 = 1. (D)
The system is unstable d1 = 2.
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d1Λmax = 0) and generates periodic orbits. The period of tacit

knowledge dissemination will become shorter.

We construct an NWnetwork and study the influence of NSE

on the knowledge dissemination process i.e., the impact of the

number of connected edges of the network. NSE is an important

index to measure the homogeneity of the network structure.

When the NSE is large, employees in an enterprise alliance

establish connections with other employees as much as

possible. They seek to coordinate with multiple partners with

complementary tacit knowledge, which corresponds to the

FIGURE 11
The relationship between dissemination sensitivity and d1 is given when μ = 0.1, β = 0.1, η = 0.3, γ = 0.2, δ = 0.5, k = 150, d2 = 0.
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FIGURE 12
The bifurcation diagram is given when d1 = 0, μ = 0.1, β = 0.1, η = 0.3, γ = 0.2, δ = 0.5. (A) The bifurcation diagram of d1 is given. (B) The variation
curve of dissemination period with d1 is given. (C) The variation curve of λ1max with Λmax is given. (D) The variation curve of λ1max with d1 is given.
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FIGURE 13
The pattern formation is given when μ = 0.1, β = 0.1, η = 0.3, γ = 0.2, δ = 0.5. (A) The system is stable when d1 = 0, d2 = 0.1, k = 100. (B) The system is
unstable when d1 = 0, d2 = 0.2, k = 100. (C) The system is unstable whend1 = 0, d2 = 0.2, k = 130. (D) The system is stable when d1 = 0, d2 = 0.2, k = 50.

FIGURE 14
The bifurcation diagram is givenwhenN= 100, d2 = 0.1, k= 150, μ=0.1, β=0.1, η=0.3, γ=0.2, δ=0.5. (A) The bifurcation diagram of d2 is given.
(B) The variation curve of Λmax with d2 is given. (C) The bifurcation diagram of k is given. (D) The variation curve of λ2max with Λmax is given.
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network nodes being connected to other nodes as much as

possible. The network is highly homogeneous. When the

edges of the network are used as dissemination diffusion

channels, the dissemination of information will be more

convenient. Therefore, the degree of nodes (connected edges

of the network) is particularly significant. When the network is

highly homogeneous, the network nodes have a high degree of

integration, i.e., the employees of the enterprise alliance will

communicate more widely and deeply. The homogeneous

network will be more conducive to the dissemination of tacit

knowledge. In a heterogeneous network, the difference in degree

between different nodes is large. The dissemination channel of

the network is easily disturbed by external factors.

Figure 8, 9 shows that in addition to the periodic

dissemination of tacit knowledge, there is a local

dissemination behavior. The network connection is sparse

when the NSE is small. Only a few nodes are connected, or

isolated nodes exist. Some employees in the enterprise alliance

may be unwilling to communicate with others because of their

personality. From the above analysis, we can increase the NSE

of the social network by increasing the value of k to promote the

dissemination of tacit knowledge.

For the tacit knowledge dissemination model of network

organization, the diffusion of knowledge learners and knowledge

disseminators are significant for disseminating tacit knowledge.

In the following, we explore the effect of knowledge learner

diffusion. At this point, let d2 = 0, we fix the parameters μ = 0.1,

FIGURE 15
The relationship between Λmax and k is given.

FIGURE 16
The pattern formation is given when d1 = 0.1, k = 150, μ = 0.1, β = 0.1, η = 0.3, γ = 0.2, δ = 0.5. (A) The system is unstable whend2 = 0.02. (B) The
system is unstable when d2 = 0.05. (C) The system is unstable when d2 = 0.1. (D) The system is unstable d2 = 0.15.
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β = 0.1, η = 0.3, γ = 0.2, δ = 0.5. The eigenvalues of system Eqs. 6, 7

can be written as

λ1i � −0.1 + d1Λi

λ2i � −0.5
λ3i � −0.1

⎧⎪⎨⎪⎩ (9)

λ1max � −0.1 + d1Λmax

λ2max � −0.5
λ3max � −0.1

⎧⎪⎨⎪⎩ (10)

Figure 10A presents that the system is stable when d1 =

0.01, d2 = 0, k = 150. As shown in Figure15, Λmax ≈ 4 when k =

150. Substituted d1 and Λmax into Eq. 10, we can get λ1max < 0.

When d1 gradually increases from 0.01 to 1, we can get

λ1max > 0. The phenomenon of periodic dissemination and

local dissemination appears. The diffusion intensity of

knowledge learners becomes larger. The knowledge

learners frequently communicate with other employees to

learn. The dissemination period becomes shorter. The local

dissemination will become more and more obvious. Tacit

knowledge can be circulated or disseminated within the

company or within the innovation organizations in the

alliance. By comparing (9) (B) and (11) (A), the system

stability may be different even if the diffusion coefficients

are the same when the coupling strength of the network

changes. With the increase of the number of coupling nodes

in NW network, the phenomenon of periodic and local

dissemination coexist, which further improves the

efficiency of tacit knowledge dissemination. Figure 11

illustrates that the sensitivity of tacit knowledge

dissemination increases as d1 increases. Figures 12A,C give

the bifurcation diagram of the system about d1, from which it

can be seen that d1 ≈ 0.025 is the bifurcation point,

corresponding to the eigenvalue λ1max (d1) = 0. (At this

time, the system is stable when λ1max (d1) < 0; the system

is unstable when λ1max (d1) > 0.) Therefore, the diffusion of

knowledge learners is an important factor leading to the

dissemination of tacit knowledge. It may not cause the

dissemination of tacit knowledge when the communication

frequency of knowledge learners is low. When strength of

diffusion is relatively large, i.e., the

communication frequency of knowledge learners is

relatively high, then periodic dissemination will occur.

From Figure 12B, the dissemination period may be

shortened as d1 increases.

We have studied the role of network coupling strength in

tacit knowledge dissemination. The coupling strength of the

network can be regarded as the frequency of communication

among nodes or the sensitivity of tacit knowledge

dissemination. Based on the above analysis, the diffusion of

knowledge learners may increase the sensitivity of tacit

knowledge dissemination. The dissemination period is

shorten.

FIGURE 17
Thepattern formation is givenwhen d2 = 0.1, k= 150,μ=0.1, β=0.1, η=0.3, γ=0.2, δ=0.5. (A) The system is unstablewhen d1 = 0.005. (B) The system is
unstable when d1 = 0.05. (C) The system is unstable when d1 = 0.07. (D) The system is unstable when d1 = 0.1.
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Next, we study the effect of diffusion of knowledge

disseminators on the system. We assume d1 = 0. The

eigenvalues of system (5) and system (7) can be written as

λ1i � −0.1
λ2i � −0.5 + d2Λi

λ3i � −0.1

⎧⎪⎨⎪⎩ (11)

λ1max � −0.1
λ2max � −0.5 + d2Λmax

λ3max � −0.1

⎧⎪⎨⎪⎩ (12)

Figure 13A shows that there is no dissemination

phenomenon when d2 = 0.1, k = 100. According to theorem

4, there is local dissemination phenomenon in Figure 13B as the

diffusion coefficient increases. The dissemination strength

increases with the coupling strength in Figure 13C. The

dissemination of tacit knowledge disappears when the

coupling strength is below a particular value (λ2max < 0).

Comparing with each subplot of Figure 13, the diffusion of

knowledge disseminators causes the local dissemination

phenomenon. Therefore, the coupling strength of nodes and

the diffusion of knowledge disseminators are fundamental to

accelerate the dissemination of tacit knowledge. Next, we

consider the bifurcation concerning d2, k, Λmax to explore the

dynamical behavior of the system. Figure Figure14A shows that

the system bifurcates when d2 = 0.15, corresponding to the

bifurcation point in Figure 14B. The bifurcation diagram of

the system for k and Λmax is given in Figure 14C.

From above, we investigated the effect of diffusion of a single

type of individual in network organization tacit knowledge

dissemination model. In the following, we study the combined

effect of diffusion between knowledge learners and knowledge

disseminators on the system dynamics behavior. At this point,

the eigenvalues of system Eqs. 5, 7 can be written as

λ1i � −0.1 + d1Λi

λ2i � −0.5 + d2Λi

λ3i � −0.1

⎧⎪⎨⎪⎩ (13)

λ1max � −0.1 + d1Λmax

λ2max � −0.5 + d2Λmax

λ3max � −0.1

⎧⎪⎨⎪⎩ (14)

Figure 16 shows the pattern dynamics of the systemwhen d1 = 0.1

is fixed and d2 gradually increases. At this time, From Figure 15,Λmax

≈ 4 when k = 150. Substituting d1 and Λmax into Eq. 14, we can see

λ1max > 0. That’s why system Eq. 7 is always unstable in Figure 16.

Figure 16 illustrates the combined effect of knowledge

learner and knowledge disseminator diffusion on tacit

knowledge dissemination. We can see a competition

between the diffusion of knowledge learners and the

diffusion of knowledge disseminators when d1
increase. The periodic dissemination behavior occurs, or

the local dissemination behavior occurs. The periodic

behavior occurs when d2 is small and d1 is fixed. The

cycle length becomes larger as d2 increases. The local

dissemination phenomenon occurs when d2 increases to

some fixed value.

The same method was used. When d2 = 0.1 and k = 150

are fixed, substituting d2 and Λmax into Eq. 11, we obtain

λ2max < 0. There is λ1max < 0 when d1 is small. Therefore, the

system is stable. However, with the increase of d1, the

periodic dissemination and local dissemination coexist.

The pattern dynamics information of Figure 17 is

obtained by changing d1. The dissemination intensity

increases with d1. The diffusion of knowledge learners is

the key factor of the periodical dissemination.

5 Conclusion and outlook

This study investigates the dynamic mechanism of the

network organization tacit knowledge dissemination

model. We transform network topology into adjacency matrix

to study the influence of network structure on tacit knowledge

dissemination. By using the methods of network dynamics and

bifurcation theory, some valuable conclusions are obtained.

Through stability analysis, the stable dissemination conditions

of the system are obtained (Theorem 1). Tacit knowledge

dissemination can be accelerated by adjusting corresponding

parameters when certain parameters are satisfied (Theorem

2). The addition of diffusion does not change system stability

(Theorem 3). The I* > 0 when the system becomes unstable at

zero equilibrium. Therefore, tacit knowledge dissemination

appears (Theorem 4). The effect of diffusion of knowledge

subjects on the dynamical behavior system is explained by

Turing instability. Meanwhile, this study demonstrates the

effect of network topology on the dynamical behavior of the

system through NSE. The results show that when the coupling

strength of the network reaches a certain value, the system will

show the phenomenon of period dissemination (Theorem 5 and

Corollary 1). By introducing the maximum value of eigenvalues

to simplify the model, the consistency of the stability of the two

models is verified (Theorem 6). As the network coupling

strength increases, the dissemination period will gradually

become shorter. The local dissemination is generated. The

joint diffusion of knowledge learners and knowledge

disseminators can produce richer dynamical behavior.

The above analysis gives us some managerial

implications. Firstly, in the enterprise alliance, the contact

of employees is the main way of tacit knowledge

dissemination. Therefore, alliance enterprises should

establish smooth communication channels and enhance

mutual trust to improve the speed of knowledge

dissemination. Internal learning and external learning of

enterprise alliance are equally important. Enterprises

should strengthen communication among employees in

different fields. Absorptive capacity and innovation

capability are crucial for tacit knowledge dissemination
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and innovation of alliance enterprises. Alliance enterprises

should establish learning organization. By guiding employees

to improve their learning ability and carry out internal

training, employees’ understanding and application of new

knowledge are strengthened. In addition, enterprises should

also introduce innovation incentive mechanism and

strengthen the motivation for continuous innovation.
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