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Interfirm cooperation can be seen as a significant and effective way for exploring radical innovation. In this article, a framework of
interfirm cooperation, with a core manufacture and upstream counterparties in industry, and its evolving mechanism in the
reverse-chain radical innovation are established from the perspective of the fundamental role played by knowledge collaboration.
-en, an evolution model of interfirm cooperation is constructed on the theory of vibration mechanics, and its evolutionary
dynamics is explored through numerical and simulation analysis mainly on the key factors of knowledge potential difference and
knowledge rent-seeking behaviour within the firms.-e findings show that, if there is no knowledge-based rent-seeking behaviour
from the upstream firms, the probable innovative performance from the interfirm cooperation should vary for the knowledge
potential difference between the cooperative firms, but can come to a certain equilibrium state. Meanwhile, if the knowledge rent-
seeking behaviour does exist, knowledge potential difference would lead the innovative performance evolving ultimately in
divergence. What’s more, the negative effect caused by the rent-seeking behaviour could be alleviated or weakened to some extent
by the excitation mechanisms presented by the core firms in the cooperation system. -erefore, the drawn conclusions should be
useful for the core manufactures’ implementing various strategies to maintain or enhance the cooperation for radical innovation
in industry.

1. Introduction

Radical innovation has been conceptualized as substantive
changes in technology that advance frontiers by much more
than the existing rate of progress [1, 2]. It also has been
characterized by a market perspective, which emphasizes a
new innovative system, strategy, and market positioning in
the nonmainstream market and damages the competitive-
ness in the existing market [3]. With the widespread ap-
plication of a new generation of technologies in society and
economy, the original source of radical innovation can be
achieved efficiently and intensely through various kinds of
cooperation between the firms [4, 5] for there being ex-
tremely difficult for single organization’s innovation in
isolation [6–10]. Interfirm cooperation can be achieved by
breaking down the barriers of traditional organizational
patterns in enterprises at different scales [11, 12], requiring

relatively lower transaction costs than in pure market-based
transactions [13, 14], especially for the emerging markets,
who have almost definitely comparative advantages in some
high-tech industries [15]. In the information age with
knowledge-based economy, firms assimilate knowledge in
the form of innovations much faster than in the past. -e
firms from high-technological industries, with higher levels
of absorptive capacity and of innovation investment, place
greater value on cooperation partners in the innovation
process [16]. Meanwhile, it has already been acknowledged
that innovation should be a highly uncertain and complex
process which involves knowledge recombination signifi-
cantly [17] and other series of synthetic activities, through
which the cooperators could potentially learn from each
other [18, 19] and boost focal firms’ innovation performance
[20, 21]. -erefore, radical innovation raises high standard
level for effective cooperation over each firm and should
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benefit all of the partners through it, including accessing
complementary resources and risk sharing, thereby im-
proving the probability of success in the innovation projects,
and even unintended surprise [22, 23]. Due to peripheral
and small firms’ lack of resources or long-term motivation
and their insufficient size to develop and introduce radical
innovations, cooperation with other counterparties and
larger companies is a basic strategy for developing capa-
bilities in alliance portfolio management [24], especially for
the firms in the whole knowledge-intensive industry chain.
-us, a special cooperative pattern with one core manu-
facture (seldom) and amount of periphery firms (upstream
or downstream firms) in the industry chain has already been
established or incubated in various markets for innovation.
Scholars such as Bouncken et al. [25] have shown that
“coopetition” improves innovation performance in knowl-
edge-intensive firms or industries, especially those that
operate in clusters.

Concerning the knowledge-intensive radical innovation,
firms have to engage with different types of partners to
acquire resources [26] whoever they are and whomever they
are belonging to, especially for the increasing complexity of
knowledge and technology nowadays [27, 28]. -rough the
cooperation, all firms can share their own acquired
knowledge and then incorporate the knowledge from out-
side their boundaries so as to promote the innovation
performance [29, 30]. Accordingly, it is crucial for firms’
capacity to transform amount of possible useful information
into valuable knowledge, which could also be a significant
determinant of firms’ decisions for cooperation. Until now,
lots of literatures have been focused on the determinants of
cooperation or even “coopetition” and emphasized the re-
lationships between knowledge and innovation
[16, 25, 31–35]. Basically, almost all these related researches
have paid more attention on the characteristics of the
classified knowledge, the pathway of this knowledge being
originated or absorbed, and the role of kinds of knowledge
on firms’ strategies in sort of cooperation patterns
[26, 36, 37].

Knowledge-related researches have already provided a
theoretical basis for understanding how knowledge neces-
sitates interfirm collaboration [38–40]. Particularly, in
knowledge-intensive technological industrial fields, it is
plausible to assume that the underlying knowledge affects
the collaboration and cooperation propensity, as well as the
innovation [41]. Normally, a firm’s stock of knowledge
influences its decision to cooperate and its choice of part-
ners, which means a technologically fitted partner should
directly influence a firm whether to stop searching for
partners or not. Besides, a firm’s knowledge base determines
its suitability to be a potential partner in cooperation, that is
to say the firms’ internal knowledge deficiencies and ex-
ternally available complementarities play a significant role in
the emergence of cooperation and innovation. -erefore, it
is crucial to preserve the quantity and diversity of knowledge
for innovation system, and the cooperation formation is
driven by its probability to succeed in terms of knowledge
generation and innovation, as well as the proximity of the
potential partner [42, 43]. On this basis, no matter how the

knowledge being presented, the effectiveness of the coop-
eration should be influenced by the subjective factors of each
firm absolutely, especially on the cognitive distance, in-
vestment allocation of dealing with the knowledge, and the
motivation or willingness to participate in that [44], which
results in the firms selecting partners on sort of balanced
principle of neither too close in the knowledge space (to
facilitate novelty) nor too far away (to foster understanding
ability). What’s more, firms’ knowledge bases show similar
features as they cooperate more frequently [44–46], and the
knowledge overlap may be greater than its initial cooperative
level because of the mutual knowledge exchange and share
over time.-erefore, cooperating firms may become so close
that the knowledge potential of their partnership becomes
too low to permit recombinant novelty [47].

In all, mainstream literatures have provided us with
crucial insight into the nature and importance of knowledge
[48] and reasons of cooperation for innovation from
transaction cost perspectives [49], comprising the rela-
tionship within knowledge generation, cooperation forma-
tion, partners’ selection, and how these factors influence the
cooperation, no matter the exogenous effect or endogenous
effect [50, 51]. Actually, the complex phenomenon of co-
operation comes to a widespread reality in today’s business
world, and understanding the cooperation on knowledge
requires a more firm-focused and systemic perspective. For
now, only a few literatures have paid attention to dynamics
of the interfirm cooperation on knowledge from the complex
science perspectives so as to analyse the essential way for
innovation [35, 51–55], which should also be interesting or
helpful for exploring the intrinsic mechanism of coopera-
tion. From systemic perspective, combined with the classical
knowledge-based viewpoint, it has been acknowledged that
the dynamics of cooperation networks system as well as the
dynamics on the system should be taken into account
[56, 57], and the individual collaboration processes of firms
at the microlevel depend on the structure of knowledge
allowed for considering the cooperation system [41].

Since the increasingly competitive, complex, and un-
certain business environment makes collaboration between
firms an attractive strategy for the firms, industries, and
markets to give proper response to the crises and seize the
opportunities [24, 58–60], the application of an evolutionary
economic and complex nonlinear scientific perspective
provides additional and complementary insights into
knowledge discovery and innovation process for industries.
-us, the proposed question in this article we want to ex-
amine is straightforward: how these factors in knowledge
creating process interact and influence the innovation
performance of the cooperation system? How the evolu-
tionary dynamics of the cooperation system comes out by
the activities of the firms on the knowledge collaboration? In
this article, from the theory of complex science and vibration
mechanics in physics, the mechanism of knowledge col-
laboration and the pattern of the interfirm cooperation in
reverse-chain radical innovation are established, comprising
core high-tech manufacturers and the upstream suppliers.
Based on that constructed interfirm cooperation model from
knowledge collaboration, numerical and simulation analyses
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are conducted, so as to explore the evolutionary dynamics of
the interfirm cooperative system for innovation. Although
there are indeed some literatures focused on the complex
characteristics of this subject, the theory and methods
adopted in this paper are different from those studies, which
are though mostly on the theory of multiagent, complex
network, and nonlinear equation with different presump-
tions, and the conclusions also show significant differences
from various indexes, which are used to depict the evolution
of the interfirm cooperation system.

-e rest of the paper is organized as follows: in Section 2,
the mechanism of interfirm cooperation for innovation in
knowledge collaboration is analysed. Section 3 constructs a
dynamic model of interfirm cooperation on the theory of
vibration mechanics. In Section 4, simulation on evolu-
tionary dynamics of the interfirm cooperative system is
conducted. -e conclusions are drawn in Section 5.

2. Mechanism of Interfirm Cooperative
System on Knowledge Collaboration

2.1. Framework of Interfirm Cooperation for Radical
Innovation. On the existing analysis of the knowledge
collaboration and the radical innovation, more deep ex-
ploration over their evolving mechanism that what the
specific influential factors could be considered and how
these possible factors intertwined within the system should
be necessarily implemented. Concerning the high-tech in-
terfirm cooperation system on knowledge collaboration,
innovations probably emerge across this complex and sys-
temic evolvement, including several stages for different
functions and purposes [61, 62]. -erefore, knowledge
collaboration could be seen as a systemic process that all the
involved and necessary elements objective and subjective are
combined in the organic way, which is crucial to the origin of
the innovation and places different effects on the coopera-
tion between the firms. Accordingly, from the theoretical
analysis on the process of how the recognized knowledge
emerges from various plain information [60, 63, 64], the
knowledge collaboration process can be subtly divided into
three interrelated and consecutive layers by the essential
steps for its origin, including knowledge creation layer,
knowledge integration layer, and knowledge interaction
layer.

Knowledge creation layer is the first stage of the process,
which is focused on the emerging of the knowledge from
large amount of plain information. In this layer, the
knowledge potential between each firm is initially developed
mainly through knowledge acquisition, absorption, and
conversion, implying a firm’s capability of participating in
interfirm cooperation. In this layer, each firm in the co-
operation system participates in the cooperation activities,
striving for the ongoing of knowledge creation in certain
R&D fields. Following the first stage, the second stage of the
knowledge collaboration process can be defined as the
knowledge integration layer. In this layer, the motivation or
willingness of the cooperators’ participation in cooperation
is driven by the knowledge potential, in which limited-ra-
tionality suppliers make the decision on different degrees of

rent-seeking behaviour by different economic and social
purposes. In the third and last stage of the knowledge
collaboration process, knowledge interaction layer, the
comprehensive ability for knowledge collaboration should
influence the mutual coordination activities of the entire
innovation system within the framework of interfirm co-
operation. In general, each layer of knowledge collaboration
will be conducted by all the participants in the cooperation
system that can be realized in certain collaborative platform.
Meanwhile, attribute to the participants’ limited rationality,
especially for the suppliers in high-tech industry, the ca-
pability, willingness, ability, and other features of the co-
operators should lead to knowledge potential and
knowledge-based rent-seeking behaviour in the cooperation.
-us, all the above analysis and the discussed aspects would
contribute to the dynamic cooperation effect between in-
terfirms in radical innovation through knowledge collabo-
ration, and the framework and the mechanism can be shown
in Figure 1 and the following sectors.

From the above analysis and the description of the
knowledge collaboration system in interfirm cooperation,
the framework and the mechanism of interfirm cooperation
based on knowledge collaboration in the radical innovation
system can be established and explored in Figure 1. From
Figure 1, we can see that the bottom part represents the
interfirm cooperation system, in which there are two types of
firms, core manufacturers and their suppliers, in upstream
and downstream industrial chain. For R&D purpose, eco-
nomic purpose, social purpose, and any other ones, they are
committed (short-term or long-term) to cooperate with each
other in some content to make breaking through innovation
together, especially in high technology. Meanwhile, the
knowledge collaboration system plays an extremely im-
portant role in interfirm cooperation for radical innovation,
which has the essential characteristics of originality, pro-
gressiveness, exclusivity, and so on. -erefore, top part of
Figure 1 demonstrates the simple structure of the knowledge
collaboration system, whose progress comprises three steps
or layers that are knowledge creation layer, knowledge in-
tegration layer, and knowledge interaction layer. However,
the collaboration progress is directly affected by the coop-
erators’ attribute, whose knowledge-based capability, col-
laborative willingness, collaborative ability, and other
features are divergent objectively and subjectively. -us, it
leads to the possible influential factors to the cooperation
that are knowledge potential difference, knowledge-based
rent-seeking behaviour, and others, which could result in the
complex dynamic effect of interfirm cooperation in the
radical innovation system.

2.2. Knowledge Collaboration Process in Interfirm
Cooperation. On the above framework about the interfirm
cooperation on knowledge collaboration, a discussion will be
presented over the knowledge collaboration process in this
section, which is simply divided as the following three stages:
knowledge creation stage, knowledge integration stage, and
knowledge interaction stage by the sequence and the extent
of the firms’ cooperation on the knowledge for innovation.
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Concerning each stage in the process of knowledge col-
laboration, it can also be seen as a special kind of R&D
investment; therefore, the outcome of each stage should be
recognized as a kind of agency for innovation performance.

2.2.1. Knowledge Creation Stage in Interfirm Cooperation.
Knowledge creation stage is an early part in knowledge
collaboration process, which is mainly focused on individual
firms’ investment to capture the knowledge creation on their
own for some original innovation that can be seen as the
R&D activities by themselves. -erefore, endogenous
growth model [65] is applied and updated that the factor of
existed knowledge by the firms being taken into account to
describe the knowledge creation stage in the cooperation:

Y � DC
c
K

α
L
β
e
λt+μ

, (1)

where let Y be the level of knowledge creation; C,K, and L be
the input of R&D capital cost, existed knowledge, and hu-
man resources respectively; and c, α, and β be the output
elasticity coefficient with each variable. What’s more, let t, e,
and D be the evolving time, natural logarithm, and constant
variable, respectively. -us, the knowledge creation for the
core manufacturers YM and the periphery suppliers YS can
be designed as follows:

YM � DC
c
MK

α
ML

β
Me

λt+μ
, M ∈ (1, 2, . . . , k),

YS � DC
c

SK
α
SL

β
Se

λt+μ
, S ∈ (1, 2, . . . , l).

(2)

However, it is presumed that there should be one core
manufacturer and n periphery suppliers in the cooperation
system for simplicity. Meanwhile, according to the proce-
dure of the knowledge creation, this stage can be separated
into two parts that are the part of knowledge absorption and
the part of knowledge conversion. -erefore, based on the
above basic model about the knowledge creation, the de-
tailed analysis on the interfirm cooperation about that can be
conducted in the following sectors.

(1) Knowledge absorption:
As is known to all that the already obtained
knowledge by each firm should be different, each
agent in the cooperation system has to absorb the
new knowledge from the partners or the outside and
cope that with the peer partners so as to generate the
new ideas or expected things. However, whether it
can go through successfully or not, it depends on the
firms’ ability to handle this in the process of coop-
eration. -erefore, let KM and KS be the obtained
knowledge what the core firm and periphery firms
have, respectively; Lin,M and Lex,M be the ability of the
core firm’s integrating internal knowledge and ex-
ternal knowledge, respectively; and Lin,S and Lex,S be
the ability of the periphery firms’ integrating internal
knowledge and external knowledge, respectively.
Generally speaking, in the process of interfirm col-
laboration, each firm could absorb or obtain the
external knowledge with the collaborate firms on
their own ability; therefore, the close proportion of
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Figure 1: Framework of interfirm cooperation on knowledge collaboration for radical innovation.
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the knowledge owned by every two interacted firms,
which is extremely important for the collaboration,
can be defined as follows, respectively:

CoupleM �
δKS

KM

,

CoupleS �
δKM

KS

,

(3)

where δKM and δKS represent the scale of the needed
knowledge from the coupling counterparty for pe-
riphery suppliers and core manufactures, respectively.
-us, for each periphery supplier, the knowledge ab-
sorption function can be expressed as

KCouple(s) � K
α′
MCoupleα−α′

M L
β′
in,SL

β−β′
ex,S C

c

Se
h(t)

. (4)

Submitting equation (3) into equation (4), we can
obtain the updated knowledge absorption function of
the periphery supplier:

KCouple(S) � K
2α′−α
M δK

α−α′
S L

β′
in,SL

β−β′
ex,S C

c

Se
h(t)

. (5)

Similarly, we can obtain the knowledge absorption
function for the core manufacture:

KCouple(M) � K
α1′
S Couple

α1−α1′
s L

β1′
in,M

L
β1−β1′
ex,M C

c1
Meh(t). (6)

-en, submitting equation (3) into equation (6), the
updated knowledge absorption function of the core
manufacture can be written as

KCouple(M) � K
2α1′−α
S δK

α1−α1′
M L

β1′
in,M

L
β1−β1′
ex,M C

c1
Meh(t), (7)

whereKcouple(S) andKcouple(M) denote the absorbed
knowledge for the cooperative firms. Let α′ and α1′ be
the proportion of the redundant knowledge for each
firm, and α − α′ and α1 − α1′ can be denoted as the
proportion of the desired coupling knowledge.
Meanwhile, let β′ and β1′ be the amount of internal
knowledge integrated by the firms, so β − β′ and β1 −

β1′ can be denoted as the amount of external
knowledge integrated by the firms. What’s more, let c

and c1 be the proportion of the intellectual capital
represented in the firms’ total output. All of the pa-
rameters mentioned above in each sentence are
represented by corresponding variables for the core
manufacturer and the periphery suppliers. Moreover,
eh(t) denotes the evolution of the cooperation cycle.

(2) Knowledge conversion:
Knowledge conversion is an important part in the
first stage of knowledge collaboration, which is fo-
cused on the external knowledge being transferred

into some required knowledge by the counterparty
ones by activating the combination of the original
internal knowledge with the external knowledge from
outside and thereby increasing the added value on the
whole. -erefore, integrating the abovementioned
two parts in the first stage of knowledge collaboration,
per-unit time knowledge transformation rate of the
core manufacturer can be calculated as

_KCouple(M) � B K
2α1′
S − α1δK

α1−α1′
M 

θ
L
β1′
in,ML

β1− β1′
ex,M 

χ
C

c1
M 

ϕ
e

h(t)
,

whereϕ≥ 0, χ ≥ 0, B> 0.

(8)

Similarly, per-unit time knowledge transformation rate
of the periphery suppliers can be calculated as

_KCouple(S) � A K
2α′−α
M δK

α−α′
S 

θ′
L
β′
in,SL

β−β′
ex,S 

χ′
C

c

S 
ϕ′

e
h(t)

,

whereϕ′ ≥ 0, χ′ ≥ 0, A> 0.

(9)

Specifically, in the above functions, B and A are the pa-
rameters of the firms’ knowledge conversion. -e parameters
θ, χ, and ϕ represent the core manufacturer’ return from the
knowledge coupling, the human labour, and capital invest-
ment, respectively, in the knowledge collaboration, while θ′,
χ′, and ϕ′ represent the corresponding periphery suppliers’
parameters for the abovementioned on the core manufacturer.

2.2.2. Knowledge Integration Stage in Interfirm Cooperation.
Following the first stage of knowledge collaboration, the
knowledge integration stage mainly focuses on how the
cooperation among the firms influences the output of the
cooperation subjectively, since there should be the proba-
bility that the firms may conduct the knowledge rent-seek
behaviour for their exclusive property of the knowledge,
which could maximize private benefits. -erefore, the
abovementioned statement is to be assumed in this paper,
and it is sometimes the fact to some extent.

Regardless of what the knowledge category is, firmsmust
have undergone many trials and errors in efforts to integrate
the overall relevant knowledge, thereby incurring acquisi-
tion costs. -us, let vM and vS be the cost coefficient of the
knowledge conversion by the core manufacturer and the
periphery suppliers, respectively, so that the expected return
of the core manufacturer can be written as

f KM(  � KCouple(M) + _KCouple(M) − KMvM. (10)

Similarly, we can obtain the expected return of suppliers
as follows:

f KS(  � KCouple(S) + K
·

Couple(S) − KSvS. (11)

-en, we can obtain the expected return of the coop-
eration system and the return function can be drawn on the
condition that there should be a cooperation among the
firms when (f(KS)/f(KR,S))> 1. On the above analysis, the
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expected return function of the whole system should be
calculated as

f KM, KS(  � f KM(  + f KS(  + ξf KM, KS(  + f KR,S ,

(12)

where ξf(KM, KS) represents the cobenefits of the coop-
eration system, and f(KR,S) denotes the benefits from the
rent-seeking. In most cases, the benefits from the rent-
seeking always are obtained by the core manufacture.
-erefore, the utility function can be used to describe the
specific form of f(KR,S) so that it can be defined as follows:

f KR,S  � 1 − p KR,S  f KS f KR,S   

+ p KR,S τ KR,S f KS f KR,S   .
(13)

Combining equation (13) with equation (14), we can
obtain the transformation of the above equation:

f KM, KS(  � f KM(  + f KS(  + ζf KM, KS( 

+ 1 − p KR,S  + p KR,S τ KR,S  

· f KS f KR,S   ,

(14)

where p(KR,S) denotes the probability of knowledge rent-
seeking behaviour, and τ(KR,S) denotes the disciplinary
function over the knowledge rent-seeking behaviour.
Moreover, the assumption of expression τ(KR,S)< 0 and
τ′(KR,S)< 0 means that the higher the expected return is, the
greater the punishment obtained for rent-seeking. Specifi-
cally, it is assumed that the probability p(KR,S) increases as
f(KR,S) increases when the two firms belong to comple-
mentary industry, while in the competitive industry, the
participants’ willingness should be motivated to a large
extent by a situation in which p(KR,S) has opposite evolving
orbit as f(KR,S) goes, where p′(KR,S)> 0 and p″(KR,S)< 0.

What’s more, although ζf(KM, KS)≥ 0, the uncertainty
of expected return in cooperation will lead to the decrease of
that return and could exert an external force on stability of
the whole system. -erefore, we can obtain the following
results:

(1) If 1 − p(KR,S) + p(KR,S)τ(KR,S)≤ 0, f(KR,S) is
negative, the periphery suppliers will not conduct
knowledge rent-seeking behaviour;

(2) If 1 − p(KR,S) + p(KR,S)τ(KR,S)> 0, f(KR,S) is
positive, the periphery suppliers could obtain the
maximum rent-seeking benefit K∗R,S (see expression
(15)), which is dominated by the disciplinary
function.

K
∗
R,S �

z f KS(  + F KR,S  

zKR,S

� f p KR,S , τ KR,S , f KS(  .

(15)

In expression (15), it is the equilibrium return of the
system in cooperation, not the best profit point for suppliers,
and they would like to prefer participating with the

counterparties to maximize their profits. -erefore, there
should be a critical value for the parameter η for refusing the
rent-seeking, which can be implemented with some in-
centive strategies by the core manufacture on the expected
return for the whole cooperation system, so as to maintain
the effective cooperation. Based on the abovementioned
analysis, when ((f(KS))/(f(k ∗R,S))) � ((f(KS))/([1 − p

(k∗R,S)τ(k∗R,S)]f[KS(f(K∗R,S))]))≥ η, the suppliers will refuse
to choose rent-seeking behaviour, and we can obtain the
following equation:

K
∗
S � g p K

∗
R,S , τ K

∗
R,S , f KS f K

∗
R,S    , (16)

where K∗S denotes the periphery supplier’ critical knowledge
point for the effective cooperation.When K∗S ≥K∗R,S, it is fair
for both the participators in the cooperation system.
However, KS has an upper bound J, but KR,S does not.
-erefore, in order tomake sure the cooperation system goes
well, it is required that the expression p[g− 1(J)]>p(K ∗R,S)

or p− 1[g− 1(J)]⟶∞ is fulfilled, which means that pro-
viding adequate knowledge needed so as to lead to denying
rent-seeking behaviour.

2.2.3. Knowledge Interaction Stage in Interfirm Cooperation.
-e knowledge interaction stage is the last stage in the
process of knowledge collaboration, which mostly focuses
on how the cooperation system is going on when the former
tow stages of knowledge collaboration between the two types
of firms are manipulated. -e cooperation system based on
knowledge evolves nonlinearly and the output of the co-
operation depends on various complex factors both sub-
jectively and objectively.

In order to assess the fluctuation effect of the cooperation
system on knowledge interaction between firms, we combine
the knowledge potential among the firms with their expected
return through nonlinear methods. -erefore, it is expected
that the stability of the innovation system can be maintained
by the participators’ self-adjustments and the external
regulations or related parameters.

-erefore, assuming certain expected return of the core
manufacturer, we define the suppliers’ knowledge input α1
and the knowledge integration capability β as the ordinal
variables of the system. According to the model proposed by
Haken [66], the impact from these parameters on the
evolution of the interfirm cooperation system can be pre-
sented as follows:

_β � −χ′β − cβα1, (17)

_α1 � −θ′α1 − ϕ′β2. (18)

In the above equation, placing a restriction on the firms’
level of knowledge integration capability and its knowledge
input, the labour return to scale χ′ and the return to scale of
the needed knowledge θ′ are selected as the damping co-
efficients of the system. -e capital investment index c and
the innovation capital return to scale ϕ′ are the interaction
strength coefficients between the two state variables α1 and β.
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Based on the above definition, a stationary solution for
the system is α1 � β � 0, where θ′ ≥ |χ′|, χ′ > 0. Let α1 ≈ 0
and integrate it into equation (18), we then have

α1(t) ≈
ϕ′
θ′
β2(t). (19)

Submitting the return from equation (19) into equation
(17), we can obtain the ordered parameter and the evolution
trajectory of the system as the following equation, which can
be seen in Figures 2 and 3.

_β � −χ′β −
cϕ′
θ′

β3,

V � 0.5χ′β2 +
cϕ′
4θ′

β4.

(20)

In Figure 3, it can be seen that α1 is decided by β. If the
control variable causes the system to pass the instability
point, β will adjust the system to a new ordered structure
through its dominant ability. According to the evolution
trajectory of the system in Figure 3, we can find that the
knowledge base and integration capability can contribute to
the nonlinear evolution of the system in three varying scales
through each firm’s mutual coordination.

3. Evolutionary Model of Interfirm
Cooperation for Radical Innovation

Based on the abovementioned analysis about the framework
of interfirm cooperation on knowledge collaboration, an
evolutionary model of the interfirm cooperation for radical
innovation will be constructed. Considering that the in-
terfirm cooperation should be simply seen as a series of
interactions among the firms in some industry chain, and the
emerging innovation should be roughly seen as a set of
output performance from the complex interactions, the
theory of vibration mechanics, which is originated from the
science of physics, is applied to model the interfirm coop-
eration system in complex science so as to explore how the
system evolves dynamically and track the possible innova-
tion performance.

3.1. Presupposition and Assumption. To start with, some
presuppositions and assumptions for the modelling should
be proposed. Since the interfirm cooperation comes among
the firms in some certain industries, it is assumed that a core
firm and its suppliers be considered as the coupling vibrators
in the cooperation system, which means that the possible
innovation for the industry comes from the cooperation
among the firms in a reverse chain. According to the vi-
bration theory and the mechanism of the interfirm coop-
eration, the objective factor of knowledge potential among
the firms and the subjective factor of knowing rent-seeking
behaviour on the cooperation system are quantified and
analysed to check how the outcome of the cooperation
system varies.

-erefore, three types of scenarios about the knowledge
potential, which is an important objective factor influencing
the cooperation, could be clarified as follows:

(1) Assuming a scenario, where ξ ∈ (0, 1), means that
there is a relatively low knowledge potential differ-
ence between the firms, and the knowledge ab-
sorption and transformation could be completely
and effectively conducted.

(2) Assuming a scenario, where ξ⟶ 1{ }, means that
there is a critical knowledge potential difference
between the firms and the shared knowledge itself
could be convergent among the participants in the
cooperation system.

(3) Assuming a scenario, where ξ ∈ (1, +∞), means that
there is a relatively high knowledge potential dif-
ference between the firms, and knowledge absorp-
tion and conversion could be utterly hindered.

Moreover, two distinct situations for the analysis on the
modelling and the simulation are generated over the sub-
jective factors. On the one hand, the first situation without
knowledge rent-seeking behaviour can be generated as
p(KR,S) � 0; On the other hand, the second situation with a
different probability of knowledge rent-seeking behaviour
can be generated as p(KR,S) ∈ (0, 1).

3.2. Modelling and Analytical Analysis

3.2.1. Cooperation without Knowledge Rent-Seeking
Behaviour. Applying the vibration theory and method into
the interfirm cooperation on knowledge collaboration, we
can obtain the dynamical interfirm cooperation effect
evolution equation as follows:

c
z2f

zt2
+ β

df

dt
+ α1f � 0, (21)

where α1, β, and c denote the elasticity index of knowledge
input level, knowledge integration capability, and the capital
input level from periphery suppliers, respectively. Besides,
z2f/zt2 denotes the changing frequency of the system’s
expected return, and df/dt denotes the expected return rate
of the system.

Based on the above definition, we need to transform the
above equation with the frequency parameters. Let ω be the
ratio of the suppliers’ knowledge input to the capital input,
we then can obtain the following expression:

ω2
�
α1
c

. (22)

Meanwhile, introducing the dimensionless parameter
ξ � (β/2cω) and submitting it with equation (22) into
equation (21), we can rewrite equation (21) as follows:

z2f

zt2
+ 2ξω

df

dt
+ ω2

f � 0. (23)

Finally, expected return of the system, represented as the
cooperation effect, can be transformed as
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f(t) � c1e
− ξω+ω

���
ξ2− 1

√
( t

+ c2e
− ξω−ω

���
ξ2− 1

√
( t

. (24)

It is straightforward to show that the utility brought by
the knowledge collaboration is decided by ξ. Hence, the
system’s expected return that exhibits stability equilibrium, a
divergence, or a periodic profit fluctuation is fluctuated by

knowledge potential difference. Besides, since there are three
classified scenarios over knowledge potential difference,
analysis on the modelling and its evolvement can be con-
ducted in the below sectors.

(1) Scenarios with high knowledge potential difference
among firms:
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Figure 2: Ordered structure of the system by _β. (a) Decreasing returns to scale. (b) Increasing returns to scale. (c) Constant returns to scale.
Note. -e returns to scale values are set as 0.8, 1.3, and 1, where χ′ � 0.7 and ϕ′ � 0.2.
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Based on the abovementioned model, when
ξ ∈ (1, +∞), the ability of internal automatic ad-
justment can be enhanced in the cooperation system
according to the vibrator theory in Physics. -us, if

the periphery firms have a lower knowledge inte-
gration capability, the impact on the evolution tra-
jectory of the cooperation effect from the negative
factor β in the system is much more than that from
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Figure 3: Evolution trajectory of the system by V. (a) Decreasing returns to scale. (b) Increasing returns to scale. (c) Constant returns to
scale. Note. -e returns to scale values are set as 0.8, 1.3, and 1, where χ′ � 0.7 and ϕ′ � 0.2.
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the positive factor α1. From this, we can obtain the
expected return of the system as follows:

c1 �
1
2

f0 +
df0/dt(  + ξωf0

ω
�����

ξ2 − 1
⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠,

c2 �
1
2

f0 −
df0/dt(  + ξωf0

ω
�����

ξ2 − 1
⎛⎜⎜⎜⎝ ⎞⎟⎟⎟⎠.

(25)

From this, the parameter ξ gives some critical im-
plications. On one hand, if the potential difference
exceeds a certain threshold, it will hinder knowledge
conversion. On the other hand, if the periphery firms
have strong capabilities in knowledge absorption and
integration, they will achieve a greater potential leap
and facilitate radical innovation cooperation.

(2) Scenarios with low knowledge potential difference
among firms:
When ξ < 1, some periphery firms should be afraid of
being replaced by their counterparty competitors,
and the competition within the system will be much
fiercer. -erefore, the performance of the coopera-
tion system has periodic fluctuations in short term,
and its frequency of fluctuations is relatively faster.
However, as the system can automatically self-adjust
in certain conditions, therefore the long-term co-
operation effect remains stable.
Based on the above analysis and equation (24), the
system’s expected return is given by

f(t) � e
− ξw′tA sin ωr + α( , (26)

where A denotes the amplitude of the system’s maxi-
mum expected return and ωc denotes the frequency of
the system’s expected return, still affected by ξ. In
addition, the fluctuation frequency of the innovation
marginal revenue is smaller than the intensity changing
frequency ω of the knowledge input by the periphery
firms. -erefore, the frequency of total earnings vol-
atility can be set up as

ωr � ω
�����

1 − ξ2


. (27)

(3) Scenarios with the critical knowledge potential dif-
ference among firms:
When ξ⟶ 1{ }, the core manufacturer’s dominant
advantage in the cooperation system will be weak-
ened, possibly resulting in an increasing cost of
cooperation and hindering cooperation efficiency.
-erefore, combining with equation (24), we can
obtain the total expected return in a stable state:

f � f0(1 + ωt) +
df0

dt
t e

−ω′t. (28)

3.2.2. Cooperation with Knowledge Rent-Seeking Behaviour.
If the probability of the suppliers’ rent-seeking behaviour is
continuous with a certain knowledge potential difference,
the core manufacturer could have enough motivation to
cooperate with the suppliers to seek the maximum profits
from the cooperation, especially when there is obvious
product relevance and the knowledge value p− 1(K∗R,S)<
p− 1(K∗S ). -erefore, we can rebuild the dynamical fluctu-
ation equation of the system by adopting the theory of vi-
bration mechanics:

c
z2f

zt2
+ β

df

dt
+ α1f � p KR,S sin θ∗t. (29)

Submitting equation (22) and the parameter ξ into
equation (29), we can obtain the following equation:

z2f

zt2
+ 2ξω

df

dt
+ ω2

f �
p KR,S 

c
sin θ∗t. (30)

-erefore, the dynamical evolution equation of the total
expected return of the system can be shown as

f � e
− ξωt df0/dt(  + ξωf0

ωc

sinωct + f0 cosωct 

+ Ae
− ξωt ξω sin α − θ cos α

ωc

sinωct + sin α cosωct

+ sin α cosωct

+ A sin θ∗t − α( .

(31)

Concerning equation (31), parts on the right-hand side
of the equation represents the influence on the volatility of
the total expected return from different factors, which are
the suppliers’ knowledge input level and the core manu-
facture’s incentives, which are proposed to motivate sup-
pliers to increase the knowledge input rather than to choose
rent-seeking behaviour and the incentive level θ∗ in the
long-term stable state, respectively.

According to the abovementioned analysis, due to the
knowledge potential difference and rent-seeking behaviour,
the efficiency of the knowledge conversion decreases as time
goes by. At last, it can evolve into a stable equilibrium, which
can be depicted as

f � A sin θ∗t − α( . (32)

Moreover, if the system evolves into the final stable state,
the peak of the incentive intensity by the core manufacturer
can be shown as

A � ζfst,

α � arctan
2ξη
1 − η2

,

(33)
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where ζ denotes the systems’ synergistic expected return,
which quantifies the relationship between the changing
frequency of the incentive degree θ∗ and the system’s ex-
pected return ωc. Note that η represents the impact on the
total expected return of the system from the incentive by the
core manufacturer; this impact can be calculated as the
proportion of the periphery suppliers’ changing frequency of
rent-seeking behaviour θ∗ to the changing frequency of the
total expected return ωc presented as follows:

η �
θ∗

ωc

. (34)

-us, by integrating equations (22) and (34), we can
obtain that

ζ �
1

���������������

1 − η2( 
2

+(2ξη)2
 . (35)

Overall, combining equation (31) with equation (33), the
dynamic evolution of the synergistic expected return of the
cooperation system, where the suppliers are faced with the
same incentive but with a different knowledge potential, can
be obtained:

f ζf KM, KS( (  �
fst

2ξ
e

− ξωt ξω
ωc

sinωct + cosωct  − cosωt .

(36)

4. Simulation Analysis

Based on the above modelling and analytical analysis over
the interfirm cooperation from the perspective of
knowledge collaboration, simulation analysis is con-
ducted in this section so as to explore the dynamical
evolving features of the interfirm cooperation system and
how the related factors impact the evolving process. For
simplicity, the experiment is conducted based on the
following conditions: on one hand, if the cooperation
system is mainly dominated by the core manufacturer, the
periphery supplier firms will be eager to achieve the goal
of maximizing their total expected return so that the
system is supposed to be solidly stable. On the other hand,
if the cooperation system is in a noncooperative state, each
firm should maximize its own expected return. Moreover,
the related parameters for the simulation experiment are
shown in Table 1.

To start with, let the initial short-term profit level of the
core manufacturer be the initial state of the cooperation
system revenue and let the periphery firms’ initial profit
level be the initial value of the variables for the evolution of
system, then the simulation experiment will be conducted.
What’s more, both the subjective and objective dimensions
are considered in the model, represented by the condition
with knowledge rent-seeking behaviour and with knowl-
edge potential difference, respectively. -erefore, the
simulation experiments are generated by the two dimen-
sions to explore the evolution of the interfirm cooperation
system.

4.1. Evolution of Interfirm Cooperation without Knowledge
Rent-Seeking. In the scenario, without knowledge rent-
seeking, three different levels of the knowledge potential
difference among firms are discussed, respectively.

(1) With high knowledge potential difference:
On the abovementioned setup of the parameters and
the constructedmodel, the evolution trajectory of the
total expected revenue under the condition of high
knowledge potential difference can be obtained in
Figure 4.
In Figure 4, we can observe that high knowledge
potential difference has an unsustainable positive
effect on the system’s short-term expected return
during t ∈ (0, t∗), where t∗ ∈ (0, 0.5), regardless of
the periphery firms’ initial state of profit or loss.
Except for that, some other interesting results and
conclusions can be drawn as follows. First, if sup-
pliers have an initial profit, the expected return in-
creases during t≤ t∗, and the maximum expected
return can be obtained on t � t∗. Due to the negative
effects from high knowledge potential, with the in-
creasing of high knowledge potential difference, the
total expected return of the system decreases until it
reaches the stable state. Meanwhile, the total ex-
pected return increases as the suppliers’ initial profit
increases. When t≥ t∗, its volatility decreases as the
suppliers’ initial profit decreases. Second, if the
suppliers have an initial loss, the expected return
decreases during t ∈ (0, t∗), and the minimum ex-
pected return can be obtained on t � t∗. -e higher
the suppliers’ loss is, the lower the expected return is.
However, high knowledge potential difference can
reduce the degree of the system’s expected return loss
when t≥ t∗. -ird, when _f0 � 0, the expected return
always decreases slowly in each sample. -e higher
the knowledge potential difference is, the lower the
maximum value of expected return will be. However,
when ξ ∈ (3, 5) and _f0 < 0, the system would always
be profitable, and losses can be reduced with the
increasing values of ξ.
What’s more, it can be inferred from Figure 4 that
the return fluctuation of the cooperation system in
the short-term is larger than that in the medium- or
long-term. -e lower the ξ is, the more the fluctuant
intensity in the short-term is. With a high knowledge
potential difference, the system has a long-term
stable state after its automatic adjustment. Although
the high knowledge potential difference reduces the
system’s initial profit and the system’s maximum
benefits, it ameliorates the negative effect of the
suppliers’ initial losses on the system’s short-term
expected return and minimizes the system’s loss.

(2) With low knowledge potential difference:

Under the condition of low knowledge potential
difference, the total expected revenue in the simu-
lation experiment can be seen in Figure 5. In
Figure 5(a), four types of initial profit rates with the
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Table 1: Parameters in the simulation experiment.

Parameters Value range Meaning Experiment conditions
α1 α1 > 0 Index of periphery firms’ knowledge input stock
β β> 0 Index of periphery firms’ knowledge integration capability
c c> 0 Index of periphery firms’ capital investment

ω 0<ω< 1 Proportion of periphery firms’ knowledge input to capital
investment ω2 � (α1/c)

ξ ξ � (β/2cω)> 0 Dimensionless parameter

ξ ∈ (0, 1) means low knowledge potential
difference;

ξ⟶ 1{ } means critical knowledge potential
difference;

ξ ∈ (1, +∞) means high knowledge potential
difference.

f0

· Initial short-term expected return change rate of periphery
firms, indicating the initial contribution to the system

_f0 > 0 means initial short-term profit of
periphery firms;

_f0 � 0 means periphery firms make no
different contribution to the initial short-term

of the system;
_f0 < 0 means initial short-term losses of

periphery firms.
df/dt Yield rate of the cooperation system
z2f/zt2 Changes in the frequency of the system’s expected return
ωc 0<ωc <ω Frequency of the system’s expected return

θ∗ Changes in the frequency of incentives to periphery firms
by core manufacture

Periphery firms have rent-seeking behaviour
and the system is stable.

η η> 0
Ratio of change in the frequency of incentives of core
manufacturer to the frequency of change in the total

expected return of the system

η⟶ 0 means that core manufacturer takes
preincentives;

η⟶∞ means that core manufacturer takes
ex-postincentives;

η⟶ 1 means that core manufacturer takes
the in-process incentives.
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Figure 4: Impact on evolution of the cooperation system under high knowledge potential difference. Note. Value of the parameters is
selected as follows: four different values of high knowledge potential difference are set up as ξ � 2, 3, 5, 7. -e initial profit rates of periphery
firms are set up as _f0 � 25, 30. -e initial loss rates are set up as _f0 � −25, −40.-e initial default variable is set up as _f0 � 0. -e horizontal
axis denotes the time steps, and the vertical axis denotes the expected return of the system.
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same knowledge potential difference are compared
in the simulation, while in Figure 5(b) different
initial profit or loss rate and different low potential
difference are both considered to explore how these
factors influence the evolution trajectory of the ex-
pected revenue.
In Figures 5(a) and 5(b), we could find that the effect
from the suppliers’ initial profitable status on the
total expected return of the system is weakened, and
it attenuates the system’s expected return and pro-
longs the collaborative cycle. -ere is a periodic
fluctuation in the symmetrical interval (f−, f+)

when ξ < 1, which means that both competition and
cooperation relationship among cooperators exist in
the system. In addition, the fluctuating change of
expected return of the whole system presents a pe-
riodic property. Additionally, the results can be
drawn as follows. First, when the suppliers’ initial
profit is constant, a lower knowledge potential dif-
ference can increase the fluctuation frequency of the
expected return of the system and extend the stable

period. When ξ ∈ (0.025, 0.1) and _f0 ∈ (5, 20), the
required evolution period t∗ becomes shorter, and
the expected return of the system breaks through the
original profit magnitude. Second, when ξ is a
constant variable, the suppliers’ initial profits have a
small positive effect on the system’s expected return.
If the fluctuation frequency of the initial profit or the
loss is symmetrical, the expected return of the system
presents a similar evolving cycle. When t ∈ (0, t∗)

and _f0 ∈ (5, 20), the expected return of the system
can also break through the initial profit magnitude.
-ird, when ξ ∈ (0, 1), the larger the low knowledge
potential difference is, the deeper the suppliers are
attached to the core manufacturer’s heterogeneous
knowledge. On the contrary, the lower the knowl-
edge potential difference is, the more homogenous
the participators are. Particularly, if the knowledge
potential is more concentrated, suppliers can be
more easily replaced. Additionally, unless the core
manufacturer guarantees benefits to keep the co-
operative relationship stable, the lower knowledge
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Figure 5: (a) Evolution of the cooperation systemwith the same knowledge potential difference and different initial profit rate. (b) Evolution
of the cooperation effect with both different knowledge potential difference and different initial profit or loss rate. Note. -e value of
knowledge potential difference is set up as ξ � 0.025, and the suppliers’ initial profit rates are set up as f0 � 0, 5, 20, 100 in , while the
suppliers’ initial profit or loss rate and the knowledge potential difference are both different in each simulation in (b).
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potential difference magnifies the short-term vola-
tility frequency of the system’s expected return.
Based on the abovementioned results, it can be
inferred that the lower the low knowledge potential
difference is, the higher the short-term fluctuation
frequency is; the more unstable the system is, the
longer the stable period lasts. If the low knowledge
potential difference is constant, the higher the initial
profits of the suppliers and the greater the short-term
profit is. However, the competing factors will ulti-
mately decrease the radical innovation’s expected
return.

(3) With the critical knowledge potential difference:
Under the condition of critical knowledge potential
difference, the evolution trajectory of the total ex-
pected return with critical knowledge potential
difference can be observed in Figure 6.

Figure 6 shows the impact on the effect of cooperation
system from critical knowledge potential difference. In
Figure 6, we can see that the value of critical knowledge
potential difference shows a transition value between ξ < 1
and ξ > 1. When t ∈ (0, t∗) and t∗ ∈ (0, 0.5), the system’s
expected return comes to a maximum level at the time t∗. If
t≥ t∗, expected return of the system appears to decrease
significantly. In addition, the suppliers’ initial loss has
negative effect on the system’s expected return. When
_f0 ∈ (−20, −8), the expected return decays rapidly and
achieves a stable state during the time period of t ∈ (0, 0.5).
Under this condition, we can draw the conclusion that if the
suppliers suffer a critical short-term loss, the substitution
risk to them would affect the system’s stability, which is
leading to the fluctuation of expected return for innovation
and in turn resulting in a low efficiency. When the partic-
ipants have balanced expected returns, the system can obtain
the largest expected value. Otherwise, the suppliers could
withdraw from the cooperation at any time, and the systems’
expected return may rapidly decline to a stable state.

From the results and conclusions drawn in the above-
mentioned simulation, there is obvious significance for the
firm to implement cooperation so as to promote and inspire
innovation. It is not conducive to establish certain radical
innovation pattern when there is a critical knowledge po-
tential difference, which may result from lacking of effective
inspiration and incentives. Compared with a general co-
operative system, the knowledge convergence contributes to
obtaining more profit or loss fluctuation in the same di-
rection and rapidly shortens the cooperation cycle in the
cooperation system with heterogeneous cooperators.
Moreover, if suppliers have a critical initial loss and no
cooperation advantages, regardless of the expected increase
in returns or a loss in the short-term, the long-term capital
and knowledge utility tends to attenuate up to the stable and
balanced state.

4.2. Evolution of Interfirm Cooperation with Knowledge Rent-
Seeking. Different from the abovementioned analysis, we
make a different assumption that the core manufacturer

should implement incentive to the suppliers, and the ex-
pected initial return should be set up as the total return of the
system with the initial state of a one-magnitude profit.

(1) With low knowledge potential difference:
Under the condition of low knowledge potential
difference, the evolution trajectory of the total ex-
pected revenue of the cooperation system with
knowledge rent-seeking behaviour can be seen in
Figure 7.
In Figure 7, we can find that under the condition of
low knowledge potential difference, the suppliers’
rent-seeking behaviour always makes the expected
return of the cooperation system unstable and di-
vergent in the symmetric interval of
f ∈ (f−(KM, KS), f+(KM, KS)), and there is the
possibility that the expected return could break
through the initial profit magnitude. From Figure 7,
some specific results can be drawn as follows. First,
when there is a certain probability of rent-seeking
behaviour, the smaller the benefit of the low
knowledge potential difference to the systems ex-
pected profit is, the longer the duration of the stable
period is. When p(KR,S) � 0.5 and ξ ∈ (0.1, 0.5), the
system profit is larger than the initial level. Second,
when the knowledge potential difference is a certain
value, the lower probability of rent-seeking would
decrease the system profits. Particularly, when
p(KR,S)< 0.3, the system profit is lower than the
initial level, and the suppliers can absorb and inte-
grate the needed knowledge conveniently. However,
the system is still divergent and unstable. Even if
there can be a steady-state equilibrium solution
generated by suppliers, it would only be a transient
equilibrium, and the suppliers would again seek a
new equilibrium. Based on the simulation results, it
can be inferred and proved that a stable equilibrium
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state through self-adjustment can be reached only
through continuous imitation, learning, and ad-
justments made by the suppliers.

(2) With high knowledge potential difference:
Under the condition of high knowledge potential
difference with knowledge rent-seeking behaviour,
the evolution trajectory of the total expected revenue
can be seen in Figure 8.
In Figure 8, we can discover that high knowledge
potential difference aggravates the instability and the
divergence of the expected system’s return in the
interval of f ∈ (f−(KM, KS), f+(KM, KS)) with
different probability of rent-seeking behaviour.
Moreover, the expected return of the system never

reaches the initial value and generates a sharp de-
crease. Although the increase in the suppliers’ rent-
seeking probability may lead to a slight increase in
the system’s expected return in certain period, the
expected return of the system shows a sharp decrease
basically. Apart from that, some other conclusions
can be drawn as follows. First, when the suppliers
have the same probability of rent-seeking behaviour,
higher knowledge potential difference could place
negative effect on the system’s benefit more severely,
making the system’s expected return decrease
sharply. Second, when there is a high knowledge
potential difference, the negative effect on the sys-
tem’s return is larger with p(KR,S) ∈ (0, 0.5) than
that with p(KR,S) � 0.5. Meanwhile, the negative
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Figure 7: Impact on the system evolution from low knowledge potential difference. Note. -e value of the low knowledge potential
difference is set up as ξ � 0.025, 0.1, 0.5, 0.8, and the suppliers’ rent-seeking behaviour probabilities are set up as p � 0.3, 0.5, 0.7{ }, re-
spectively, in each simulation experiment.
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effect on the system’s return with p(KR,S) ∈ (0.5, 1)

is lower than that with p(KR,S) � 0.5. -us, it can be
inferred from the simulation that the system’s un-
stable state should be obviously relevant to the in-
centive mechanism proposed by the core
manufacturer. Meanwhile, since the expected ben-
efits of the scarce knowledge owned by each indi-
vidual may be sacrificed, the suppliers are driven to
maximize their own expected return and to exhibit
knowledge rent-seeking behaviour.

Overall, under the condition of specific high
knowledge potential difference with knowledge rent-
seeking behaviour, even some incentive methods
implemented to adjust the suppliers’ rent-seeking

behaviour matters little on achieving the system’s
expected return, while under the condition of low
knowledge potential difference, the suppliers’ self-
adaption so as to manipulate the knowledge rent-
seeking behaviour still cannot change the divergent
and unstable states of the system’s expected return in
the long term.

(3) Incentive impact from the core manufacturer:
For the core manufacture’s being in the key position
of the cooperation system, any incentive methods
could be implemented by the core manufacture so as
to promote the cooperation and achieve the expected
outcome, especially for radical innovation. -ere-
fore, on the above presumed parameters’ setup,
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Figure 8: Impact on the system evolution from high knowledge potential difference.Note. Two different experimental states are considered.
-e value of the high knowledge potential difference is set up as ξ � 2, 7{ }, and the suppliers’ rent-seeking behaviour probability is set up as
p � 0.3, 0.5, 0.7{ }.
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simulation on how the incentive from the core
manufacture influencing the evolution of the whole
expected return is conducted in the section and the
evolving trajectory can be seen in Figure 9.

Figure 9 shows the relationship between the system’s
expected return and the incentive mechanism proposed by
the core manufacture, and some conclusions can be drawn.
First, when η⟶ 1, lower knowledge potential difference
will contribute to the incensement in expected return of the
system with a multiplied effect, which may generate a high
probability of radical innovation theoretically. Second, when
0< η< 1, the expected return of the system increases as the
change rate of the incentives increases. However, when η> 1,
the expected return of the system decreases as the change
rate of incentives increases. Particularly, almost within the
range η ∈ (1.2, 2), there is no obvious increase in the changes
of system expected return.

-us, under the condition of critical knowledge potential
difference, the core manufacture’s incentive effect on the
suppliers is weakened significantly. Especially, when there is
a high knowledge potential difference, the increase of the
system’s synergistic expected return will decrease from the
initial level. However, if the core manufacturer could predict
the changes of the system’s expected return according to the
market demand as accurate as possible and could propose
the prior incentive to the suppliers, it may do help to the
expected return. Meanwhile, if the core manufacturer im-
plements real-time incentives to suppliers, which means that
the incentive change range reflects the market changes, the
system synergistic expected return could reach the maxi-
mum within the presumed condition. However, the core
manufacturer’s postincentives effect could be weakened
significantly, but the system’s expected return can also be in
a relatively good status. Overall, it can be inferred from the
simulation that when the core manufacturer implements
incentives towards the suppliers, the impulse effect of rent-
seeking behaviour can be reduced, and the hindrance caused
by the knowledge potential difference can be weakened to
some extent.

5. Conclusion

Based on the new technologies being widely implemented in
various industries, interfirm cooperation can be seen as a
significant and effective way for exploring radical innova-
tion. -e intrinsic mechanism of the interfirm cooperation,
especially in high-tech industry, has been a hot issue re-
cently. In this article, a framework of interfirm cooperation,
with a core manufacture and its upstream counterparties,
and its evolving mechanism in the reverse-chain radical
innovation are established from the perspective of the
fundamental role played by knowledge collaboration. From
both subjective and objective viewpoints, a dynamic evo-
lution model of interfirm cooperation for innovation is
constructed on the theory of vibration mechanics, and its
dynamic cooperation effect is discussed through numerical
and simulation analyses mainly on the influential factors of
knowledge potential difference and knowledge rent-seeking

behaviour. -ree types of knowledge potential differences
and two types of knowledge rent-seeking behaviours are
considered respectively in the paper.

Some critical conclusions are drawn as follows. First,
when upstream firms do not choose rent-seeking behav-
iours, high knowledge potential difference has a noncon-
tinuous positive effect on cooperation for innovation, while
low knowledge potential difference weakens this effect.
Meanwhile, knowledge collaboration is not obviously
helpful to innovation when the upstream firms’ initial losses
are particularly serious. From this, the core firm should pay
more attention on the cooperation process, so as to make
this sustainable as long as the returns are in line with the
expectation. Second, when upstream firms have varying
degrees of rent-seeking propensities, innovation perfor-
mance depends on the excitation mechanism proposed by
the core manufacturer. In this situation, rather than high
knowledge potential difference, relatively low knowledge
potential difference has positive effect on innovation when
the core manufacturer adopts real-time excitation mecha-
nisms. -erefore, from practical viewpoint, the organized
form between the interfirm cooperation with evaluating the
participants’ performance and substituting the proper
partner contingently can be consider by the core firm, which
may trigger some insight into the innovation in organization
management. -ird, contrary to our expectation, knowledge
convergence among the firms does not place absolutely
positive effect for innovation, but actually could lead to high
risk of supplier’ shortening the cooperation cycle.

-erefore, through the possession of the key strategic
knowledge resources, the core firm in the interfirm coop-
eration system should focus on improving the suppliers’
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Figure 9: Evolution of the impact on systemic expected return
from incentives frequency. Note. -e value of knowledge potential
difference is set up as ξ � 0.025, 0.15, 0.2, 0.8, 1.0, 3.0, 5.0{ } in the
simulation. -e horizontal axis indicates the proportion of the
incentives’ change frequency to the system return change fre-
quency, and its value range is set up with η ∈ (0, 2).-e vertical axis
expresses the change of the system’s synergetic expected return
defined as ς, which could be presented as the amplification effect for
radical innovation in the cooperation system.
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dependence and exciting their motivation in the knowledge
collaboration. When the core firm imposes excitation or
constraints on the periphery firms under knowledge con-
vergence, periphery firms should continue to expand their
self-knowledge through acquiring external knowledge and
maximize the whole return of the cooperation system as
much as possible. If there is extreme higher knowledge
potential difference, core firms should try to reduce the
difficulty of knowledge absorbing activities, and the pe-
riphery firms should not only maximize the use of existing
knowledge but also improve the ability of integrating
knowledge collaboratively, so that it could be helpful for
innovation emerging in this new pattern of interfirm
cooperation.
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