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Taking unicorn enterprises as the research objects, this study constructs the conceptual model of function mechanism of in-
tellectual property capability on relay innovation performance and introduces knowledge matching as the mediating variable and
relationship learning as the moderating variable. Hybrid methods composed of fusion of rough set and binary firefly algorithm
based on community weak connection mechanism (CWLBGSO), directed acyclic graph (DAG), and Bootstrap structural
equation modeling (Bootstrap SEM) are used to carry out empirical analysis of the conceptual model of function mechanism. The
empirical analysis results show that strong intellectual property capability has a positive role in promoting the relay innovation
performance of unicorn enterprises, knowledge matching plays the positive mediating role between intellectual property ca-
pability and relay innovation, relationship learning plays the moderating role of the relationships between intellectual property
capability and relay innovation, relationship learning plays the moderating role of the relationships between intellectual property
capability and knowledge matching, and relationship learning plays the moderating role of the relationships between knowledge

matching and relay innovation.

1. Introduction

In the new era of innovation-driven development, inno-
vation has changed from the simple form based on industry
to the common innovation form based on information and
knowledge society. According to the 2017 Chinese unicorn
enterprise development report and Zhongguancun unicorn
enterprise development report, by the end of 2017, there had
been 164 Chinese unicorn enterprises with a total valuation
of US $624.9 billion, and well-known enterprises such as Ant
Finance Services, Didi Travel, and Xiaomi Technology had
emerged. These enterprises have the characteristics of ex-
plosive growth, such as strong innovation ability, short
growth cycle, and large growth span, and have attracted
more and more attention from all sectors of society. As the
important member of emerging innovation subjects,

unicorn enterprises promote the transformation of relevant
industrial structure to the connotative development mode
relying on knowledge accumulation, technological progress,
and improving the quality of labor force. With the gradual
deepening of information, knowledge, and technology in-
teraction among innovation subjects, traditional innovation
methods can no longer meet the overall innovation process
of unicorn enterprises. New innovation modes such as
deviant innovation, relay innovation, and subversive in-
novation are gradually respected by unicorn enterprises.
Relay innovation is typically characterized by “multi-
agent participation and technology undertaking” [1, 2],
which is common in the biopharmaceutical field. The the-
oretical basis and research framework of relay innovation
also focus on pharmaceutical enterprises. Obviously, the
situation of the research object limits the applicability of the
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new innovation model of relay innovation. This study finds
that, in addition to pharmaceutical enterprises, the phe-
nomenon of relay innovation is still significant in high-tech
fields such as high-end manufacturing, cloud computing,
and artificial intelligence. For example, in October 2015,
Google brain, Google’s human intelligence team, developed
tensor flow system to meet the needs of primary in-depth
learning and application research; in 2018, Ant Finance
obtained the authorization of the system program source
code; the system was elastically reconstructed, so as to realize
the stable online recommendation of Ant Finance’s business
scenario and greatly improve the processing capability of 10
billion feature vectors. It can be seen that the innovation
achievements of heterogeneous innovation subjects are
completely possible to realize innovation upgrading and
cross domain application through the technological reen-
gineering linkage of relay innovation. According to the
research of Li et al. [3], the frequency of relay innovation was
highly related to the complexity of knowledge system. En-
terprises need to have diversified knowledge identification
ability and intellectual property interest judgment ability,
which refer to intellectual property capability. In order to
explore the antecedent conditions and influencing factors of
relay innovation and explore the factors affecting the effi-
ciency and effectiveness of relay innovation, this study takes
knowledge matching as the mediating variable, sets rela-
tionship learning as the moderating variable, empirically
reveals the internal function mechanism of the impact of
intellectual property capability on relay innovation, and tries
to examine the problem of relay innovation from the per-
spective of intellectual property rights, so as to seek the new
paths to improve the efficiency of technological innovation
of unicorn enterprises. The theoretical research results and
empirical analysis research results in this study will provide
theoretical reference, theoretical basis, theoretical frame-
work, and methodology system for the function mechanism
of intellectual property capability on relay innovation with
the help of the corresponding mediating variable and
moderating variable, which will also provide empirical
analysis basis and logical system, practical enlightenment,
and decision-making reference for enhancing and pro-
moting relay innovation with the help of intellectual
property capability.

2. Relevant Literature Review

2.1. Relay Innovation. The concept of relay innovation
evolved from the “scientific business” model. In the research
process of innovation heterogeneity, Pavitt first proposed that
some innovation activities in high-tech enterprises were
“based on science,” which required enterprises to have a large
number of organized R&D activities closely related to science
[4]. At the same time, Mowery believed that, in some in-
dustrial innovation with rapid technological progress, the
cooperative innovation network formed by enterprises,
universities, and government laboratories was the important
place for the realization of innovation project [5]. According
to the research of Link, the innovation subjects of bio-
pharmaceutical enterprises successively included universities,
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public scientific research institutions, and enterprises. These
organizations establish close ties and jointly participate in
innovation in the innovation process [6]. Gibbons et al.
turther explained the interactions between scientific research
and enterprise innovation in the process of relay innovation
and explained the phenomenon that universities assumed
enterprise functions and enterprises assumed academic
functions described in the “three-helix” model of relay in-
novation [7]. According to Li et al. [8], relay innovation was
an innovation mode characterized by sequential relay be-
tween existing and multiple subjects. In the standard relay
innovation activity, different subjects with significantly het-
erogeneous capabilities and complementary advantages un-
dertake the tasks of different links in the innovation chain,
respectively, and complete the activities of conception, R&D,
production, and commercial application in turn in the way of
“relay;” finally, we realize the realization of innovation value.
Platform technology transfer, overall sales, contract research,
and market joint development all belong to the typical relay
innovation model. According to the relevant research results
[2], the general enterprise relay innovation model is shown in
Figure 1.

2.2. Intellectual Property Capability. In the era of knowledge
economy, intellectual property, as one of the important
resources of enterprises, has taken the place of traditional
tangible assets and occupied the important position in the
development of enterprises [9]. Poltorak and Lerner pro-
posed that the enterprise intellectual value chain was
composed of intellectual capital, intellectual assets, and
intellectual property rights, and intellectual property rights
were at the high end of their value chains [10]. Intellectual
property capability is a dynamic process of creating, ap-
plying, and managing intellectual property, and an impor-
tant source of sustainable competitive advantage for
enterprises [11]. According to Schilling, there was not a
simple linear relationship between intellectual property
rights and enterprise innovation performance [12]. In the
process of organically combining their own resources with
market demand, enterprises need to transform enterprise
intellectual property rights into enterprise innovation per-
formance by giving play to intellectual property creation,
application, and synergy capabilities [12]. Tonisson et al. [13]
and Alfred and Lothar [14] also believed that intellectual
property capability provided new ideas and technologies for
enterprise technological innovation and development by
creating, processing, and realizing enterprise intellectual
property value. Chi and Pan defined intellectual property
capability as the comprehensive ability of enterprises to
integrate physical resources and intellectual property, in-
cluding effective mining, identification, transformation,
application, and exchange of intellectual property [15].

2.3. Knowledge Matching. The matching theory originally
derived from economics. The matching of economics refers
to the structural equilibrium model that maximizes the
interests of the paired parties in the collaborative envi-
ronment based on the limited range of objects that can be
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FIGURE 1: General enterprise relay innovation model.

selected by the supply and demand sides with a view to
considering their respective goals and capabilities [16]. Tidd
et al. introduced the matching theory in the field of eco-
nomics into the field of management and proposed that the
process of enterprise innovation was not only the process of
managing the knowledge of enterprises, but also the process
of continuously matching and integrating external knowl-
edge and improving and expanding their own knowledge
stock of enterprises [17]. Mindruta further explored the
knowledge matching mechanism behind the formation of
enterprise research cooperation from the perspective of
knowledge resources according to the different knowledge
attributes of knowledge supply and demand [18]. Yan and
Bian start the research from knowledge complementarity,
revealed how knowledge matching could meet the needs of
both supply and demand of knowledge resources and
transform knowledge resources into effective resources of
enterprises, and divided knowledge matching into different
levels of source knowledge, knowledge carrier, and appli-
cation environment [19].

2.4. Relationship Learning. Hallen et al. proposed that re-
lationship learning was an ability to establish relationships in
the environment of cooperation and exchange with orga-
nizations [20]. Dyer and Singh believed that relationship
learning was an important way for enterprises to create
differentiation advantages and obtain excess profits in the
process of communication with other organizations [21].
Selnes and Sallis put forward the concept of relationship
learning from the perspective of information process and
learning process. They believed that relationship learning

belonged to the category of process learning; that is, in the
process of joint learning, the partners are involved in
learning and sharing information, deducing and integrating
them into the specific shared relationship memory for
storage [22]. Ling-Yee further extended the concept of re-
lationship learning to the trade context. Their research
showed that relationship learning meant that managers
could share information and expand the specific relationship
memory of the relationships with target customers and
suppliers [23]. Chen et al. believed that collaborators related
to enterprise relationship learning were distributed in all
levels of units cooperating with enterprises, including cus-
tomers, competitors, research institutions, and sales insti-
tutions [24]. Enterprises put emphasis on different
organizational cooperation and learning and focus on dif-
ferent relational memory. Wang and Hsu embedded the
concept of relationship learning into collective knowledge
learning among partner enterprises, and partner organiza-
tions had an impact on collective learning through infor-
mation sharing [25]. Based on the research of Selnes and
Sallis, many scholars divided relationship learning into three
dimensions of information sharing, common understand-
ing, and relationship memory [25-28].

To sum up, the research on relay innovation is in its
infancy. Scholars mostly focus on the description of the
connotation and extension of relay innovation, emphasize
the characteristics and functions of relay innovation, and
initially form the theoretical framework system of relay
innovation. However, few literature researches focus on the
formation mechanism and influencing factors of relay in-
novation. At the same time, in the field of intellectual
property research, some scholars have found that enterprise



intellectual property capability can help enterprises effec-
tively select external patents and technologies and increase
the possibility of technology integration, absorption, and
reengineering. Based on the above analysis, this study at-
tempts to reveal the function mechanism of intellectual
property capability on relay innovation. Starting with
matching theory and learning theory, this study brings
mediating variable knowledge matching and moderating
variable relationship learning into the same conceptual
model and theoretical analysis framework and tries to reveal
the “black box” of the function mechanism of intellectual
property capability on relay innovation and enrich and
improve the research framework of relay innovation.
Moreover, hybrid methods composed of fusion of rough set
and binary firefly algorithm based on community weak
connection mechanism (CWLBGSO), directed acyclic graph
(DAG), and Bootstrap structural equation modeling
(Bootstrap SEM) are used to carry out empirical analysis of
the conceptual model and theoretical analysis framework of
function mechanism of intellectual property capability on
promoting the relay innovation performance of unicorn
enterprises through the mediating role of knowledge
matching and the moderating role of relationship learning.

3. Relevant Research Hypotheses

3.1. Intellectual Property Capability and Relay Innovation.
Referring to the views of Cai et al. [29], this study divided
intellectual property capability into three dimensions of
intellectual property creation capability, intellectual prop-
erty application capability, and intellectual property synergy
capability. Intellectual property creation capability refers to
the ability of enterprises to carry out intellectual property
development and innovation through R&D investment and
obtain intellectual labor achievements [30]. In previous
studies, scholars generally believed that intellectual property
creation capability played an important role in industrial
innovation and development. For example, Robertson and
Gatignon believed that intellectual property creation was the
key to the commercialization development strategy of en-
terprises. The confirmation of intellectual capital, the cre-
ation of intellectual property, and industrial alliance network
and cooperation are conducive to the diffusion and trans-
mission of technological innovation [31]. Relay innovation is
mainly composed of innovation discovery, innovation
transformation, and innovation realization, while intellec-
tual property creation is the core of relay innovation
throughout [32]. In the innovation chain of relay innovation,
universities, scientific research institutions, and other or-
ganizations with strong basic theoretical research ability are
usually used as the front end of the innovation chain, while
unicorn enterprises are responsible for technological in-
novation and market development as the middle and back
end of the innovation chain [33]. As downstream organi-
zations, unicorn enterprises with strong intellectual property
creation capability often have strong opportunity discovery
ability, effective technology identification ability, and in-
formation and knowledge search ability, which can help
enterprises improve the utilization rate of intellectual
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property rights in the process of acquiring the knowledge of
upstream organizations, carry out independent transfor-
mation and upgrading on the basis of the original intellectual
property rights, and improve the performance of relay in-
novation while completing the objectives and tasks of relay
innovation.

The intellectual property application capability is the
ability to ensure the commercialization and marketization of
intellectual property and bring benefits to enterprises
through enterprises’ own use, trusteeship, paid transfer,
cross-licensing, and other means in the process of diffusion
and transfer of intellectual property [26]. The application of
intellectual property rights is the main way for the inno-
vation subjects to make profits in the relay, and the transfer
mode of intellectual property rights is the main means for
the innovation subjects to realize the relay [32]. The im-
provement of intellectual property application capability
helps downstream enterprises on the relay innovation chain
choose appropriate intellectual property transfer methods,
ensure that they can better connect with upstream organi-
zations in the process of relay innovation, obtain more ef-
fective intellectual property with less resources, provide
more choices and benefits for enterprises to participate in
relay innovation, and promote the improvement of relay
innovation performance of unicorn enterprises.

Intellectual property synergy capability refers to the
ability of enterprises to share resources, information, and
skills through intellectual property cooperation and ex-
change within and among industries in the context of open
cooperation, so as to improve the comprehensive strength of
enterprises [34]. Intellectual property synergy can increase
access to external knowledge resources, make up for the lack
of intellectual property rights in some fields, stimulate the
creation of intellectual property rights, and then affect relay
innovation [35]. In the process of relay innovation with
other organizations, unicorn enterprises can keenly identify
the advantages of other organizations and learn from each
other’s strengths to continuously interact with other en-
terprises in information, technology, and knowledge, in
order to improve the performance of relay innovation. To
sum up, this study puts forward the following hypothesis.

Hypothesis 1: intellectual property capability has a
positive impact on relay innovation.

3.2. Intellectual Property Capability and Knowledge Matching.
Knowledge matching is the matching of knowledge in
supply and demand. It depicts the knowledge coupling
degree between the knowledge owner and the knowledge
receiver, which is reflected in multiple levels such as source
knowledge, application environment, and knowledge carrier
[17]. Source knowledge matching requires that the trans-
terred knowledge attributes need to meet the demand side of
knowledge. If the knowledge to be transferred is tacit
knowledge and has strong uniqueness and individuality, this
kind of knowledge may not be effective knowledge for the
demand side and may be excluded by the knowledge de-
mand side [36, 37]. The openness and sharing of intellectual
property synergy enable enterprises to fully understand the
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knowledge attributes of themselves and other enterprises in
the process of cooperation and exchange, in order to provide
more selectivity for knowledge matching. The application
environment includes many market environment factors
such as legal system, cultural atmosphere, and strategic
decision-making [38]. The improvement of intellectual
property synergy capability of unicorn enterprises makes
them fully understand the application environment of other
enterprises, so as to improve the success rate of knowledge
matching [19].

Knowledge carrier matching is the matching between the
existing form of knowledge owned by the knowledge owner
and the recipient. Knowledge carriers can be divided into
documents, equipment, codes, personal minds, and other
forms. Similar knowledge carriers contribute to the rapid
integration of heterogeneous knowledge. The improvement
of the intellectual property application capability enables
enterprises to introduce a variety of knowledge carriers in
the process of intellectual property transformation, so as to
accelerate the commercialization of intellectual property,
enhance the diversity of knowledge carriers, and promote
knowledge matching. In conclusion, the following hy-
pothesis is put forward.

Hypothesis 2: intellectual property capability has a
positive impact on knowledge matching.

3.3. Knowledge Matching and Relay Innovation. Li et al.
pointed out that relay innovation was easy to occur in in-
dustrial fields with complex knowledge system and high risk
[3]. Relay innovation activities need to comprehensively use
more complex cutting-edge technologies. Knowledge
matching is the process for enterprises to improve the
knowledge synergy and consistency between knowledge
supply and demand through knowledge capture and
knowledge absorption. Strong knowledge matching has an
impact on the transformation and realization of relay in-
novation. The predesign and accurate matching of knowl-
edge matching improve the availability and applicability of
technical specific knowledge among organizations, help
unicorn enterprises maintain familiarity and tacit under-
standing with relevant external knowledge sources, promote
the rapid search of high-quality information and tacit
knowledge [39], improve the screening and selection ability
of enterprises for potential business achievements, and
achieve the realization of relay innovation. In fact, knowl-
edge matching can also be regarded as the verification and
evaluation of the effectiveness of enterprise knowledge in-
novation infiltrated into the relay innovation link, which
helps enterprises overcome the limitations of existing
knowledge and practice, promote enterprises to distinguish,
deconstruct, and reconstruct existing knowledge [40], en-
hance the adaptability and ease of use of enterprise
knowledge, continuously activate and strengthen the in-
ternal innovation decision-making activities of enterprises,
have the “refining” and “reengineering” of relay innovation
achievements, shorten innovation time, and improve relay
innovation quality, outcome, and efficiency. In conclusion,
the following hypothesis is put forward.

Hypothesis 3: knowledge matching has a positive im-
pact on relay innovation.

3.4. The Mediating Variable of Knowledge Matching.
Through the description of the relationships between in-
tellectual property capability and knowledge matching,
knowledge matching and relay innovation, it can be seen
that intellectual property capability affects the relay inno-
vation performance by affecting knowledge matching.
Knowledge matching includes not only knowledge acqui-
sition, but also the process of in-depth learning and ex-
ploration of the obtained knowledge, innovation in
combination with their own situation, and bringing benefits
to themselves [41]. The improvement of intellectual property
capability of unicorn enterprises provides the suitable
matching environment, knowledge support, and income
guarantee for their knowledge matching. In the matching
environment of symbiosis and mutual growth, unicorn
enterprises use intellectual property creation to screen and
identify effective knowledge resources and recreate them in
combination with their own situations, so as to increase the
process income of knowledge matching driven by the in-
tellectual property application capability. According to the
research of Muthusamy and White [42] and Gupta et al. [43],
through various means such as knowledge transfer and
absorption, knowledge matching could promote enterprises
to obtain more effective resources externally and stimulate
enterprises to effectively absorb and accumulate external
knowledge resources, and then more innovative ways had
emerged. Therefore, by improving the efficiency of knowl-
edge matching, unicorn enterprises create the good inno-
vation environment and many effective innovation methods
for enterprise relay innovation, so as to improve the per-
formance of relay innovation. In conclusion, the following
hypothesis is put forward.

Hypothesis 4: knowledge matching plays a mediating
role between intellectual property capability and relay
innovation.

3.5. The Moderating Effect of Relationship Learning. Jian et al.
pointed out that relationship learning was an activity of
sharing market information, common understanding, and
knowledge dissemination among organizations [44]. This
study believes that relationship learning is the organizational
behavior for both parties of the cooperative enterprises to
share, explain, and understand information based on
business transactions and integrate it into the exclusive
relationship memory. The essence of relationship learning is
a learning process. The members participating in the process
can share information, cooperate with each other, integrate
knowledge and information and other resources, and finally
form the exclusive cooperative memory in key areas to
increase the interests of the members participating in re-
lationship learning [45]. Based on the previous results of
Chen and Cai [28] and Song et al. [45], this study divides
relationship learning into three dimensions of information
sharing, relationship memory, and common understanding.



Yuan and Ning verified that the intensity of relationship
learning helped organizations cultivate good communica-
tion relations and pay attention to the interactions between
organizations in order to form the good organizational
learning atmosphere [46]. Through relationship learning,
organizations have strengthened information exchange,
created the organizational support situation covering
knowledge organization ability, organizational support
ability, and service provision and guarantee ability [31], and
improved the overall performance of enterprise knowledge
absorption, intellectual property capability, and relay
innovation.

Firstly, in the atmosphere of strong relationship learning,
the ability of knowledge exchange and sharing between
enterprises and partners is stronger. Enterprises partici-
pating in relationship learning can find ways to improve the
quality, reliability, and speed of information transmission
through information sharing [44]. At the same time, the
specific relationship memory formed in the process of re-
lationship learning is the information and experience ac-
cumulated by enterprises and partners through long-term
interaction and cooperation, which affects the quality of
partnership in the future. Therefore, strengthening the
specific relationship memory can promote the improvement
of intellectual property synergy and improve the effective-
ness of knowledge acquisition and transfer in the process of
knowledge matching, so that more knowledge can be ef-
fectively absorbed and utilized by enterprises.

Secondly, relationship learning is a process of strategic
cooperation between enterprises and external organizations
such as suppliers and scientific research institutions. The
enhancement of relationship learning ability enables en-
terprises to timely obtain external information resources,
understand the needs of the market, and quickly respond to
market changes [31]. For enterprises with strong relation-
ship learning, the specific relationship memory network is
complex, and many partner enterprises participate in rela-
tionship learning. With the progress of relationship learning,
partner organizations have the deeper understanding of each
other [28], so as to improve the efficiency of information
exchange among partner enterprises in the process of en-
terprise intellectual property coordination. As an important
link in the process of relay innovation, information exchange
directly affects the process of relay innovation.

Finally, relationship learning is a collective knowledge
learning activity of learning and sharing experience between
enterprises and partners [25]. Enterprises with strong re-
lationship learning have stronger ability to transfer, acquire,
and absorb knowledge resources, which are conducive to
improving the matching degrees of knowledge between
supply and demand. At the same time, strong relationship
learning enterprises have strong common understanding
ability, which is the adaptive adjustment ability between
enterprises and cooperative enterprises [47], which can help
enterprises improve the coupling degrees of knowledge in
the process of knowledge matching, enrich enterprise
knowledge resources, and promote the improvement of
relay innovation performance. Based on the above analysis,
the following hypotheses are put forward.
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Hypothesis 5: relationship learning has a positive
moderating effect on intellectual property capability
and knowledge matching; that is, in the strong rela-
tionship learning environment, intellectual property
capability has a greater impact on knowledge matching,
and vice versa.

Hypothesis 6: relationship learning has a positive
moderating effect on intellectual property capability
and relay innovation; that is, in the strong relationship
learning environment, intellectual property capability
has a greater impact on relay innovation, and vice versa.

Hypothesis 7: relationship learning has a positive
moderating effect on knowledge matching and relay
innovation; that is, in the strong relational learning
environment, knowledge matching has a greater impact
on relay innovation, and vice versa.

To sum up, this study constructs the conceptual model
and theoretical analysis framework of function mechanism
of intellectual property capability on relay innovation as
shown in Figure 2, where the mediating variable is
knowledge matching, and the moderating variable is rela-
tionship learning.

4. Research Design

4.1. Scale Development and Data Collection. In this study, the
questionnaire is designed in the form of Likert five-level
scales, in which the numbers from 1 to 5 indicate strongly
disagree, disagree, general, agree, and strongly agree, re-
spectively. In the process of data collection, firstly, the
questionnaire items are analyzed by means of pre-
investigation, and the items with poor identification ability,
vague meaning, and scattered factor loading are deleted to
form the formal questionnaire. According to the definition
of unicorn enterprises by Lee [48], combined with the re-
search of Chu and Song [49] and Cao [50], the following
restrictions are made according to the actual needs of the
survey: (1) the selected sample need to cover multiple high-
tech fields such as Internet communication technology,
biomedicine, and new materials and exclude enterprises
with state-owned monopoly nature such as power enter-
prises and communication enterprises. (2) The respondents
must be grass-roots managers, middle-level managers, and
high-level managers of unicorn enterprises, with bachelor’s
degree or above and more than two years of working ex-
perience in the same industry. (3) Within the scope of
controllable research time and cost, try to select sample
enterprises in different regions to enhance the scientificity of
the survey results. In this study, 270 questionnaires are
distributed through field research, entrusted distribution,
and e-mail, 246 questionnaires are recovered, 33 unqualified
questionnaires are eliminated, and 213 valid questionnaires
are finally obtained, with an effective rate of 78.9%. De-
scriptive statistics of the respondents showed that 48.8% of
the respondents have bachelor’s degree, 42.3% have master’s
degree, and 8.9% have doctorate; at the position level of
enterprises, 51.6%, 39.0%, and 9.4% of the respondents are
grass-roots managers, middle-level managers, and high-level
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FiGure 2: Conceptual model and theoretical analysis framework of function mechanism of intellectual property capability on relay

innovation.

managers; in terms of working years in the enterprises,
36.6% have worked for 2-5 years, 56.3% have worked for
5-10 years, and 7.1% have worked for more than 10 years.

The scale design mainly draws lessons from the mature
items that have been used in the related literature and ref-
erences, and some variables are adjusted and modified ap-
propriately according to the actual needs of the survey. Based
on the research context and intellectual property capability
evolution of Cai et al. [29], intellectual property capability is
divided into three dimensions of intellectual property cre-
ation capability, intellectual property application capability,
and intellectual property synergy capability, with a total of 15
items. Based on the research of Li et al. [51], relay innovation
is divided into three dimensions of innovation discovery,
innovation transformation, and innovation realization, with
a total of 8 items. Based on the research of Hu [52],
knowledge matching is measured from three dimensions of
source knowledge matching, knowledge carrier matching,
and application environment matching, with a total of 8
items. Relationship learning is adopted by the research results
of Chen and Cai [28], which is measured from three di-
mensions of information sharing, relationship memory, and
common understanding, with a total of 15 items.

4.2. Reliability and Validity Analysis. 'This study adopts SPSS
21.0 software to carry out exploratory factor analysis of all
variables, overall Cronbach’s « coefficient is 0.835, indicating
that the scale has good reliability, and other subvariables of
Cronbach’s « coefficients are above 0.6. In addition, Harman
single factor test is used to test the common method de-
viation of the data. The test results indicate that KMO value
is 0.924, and Bartlett spherical test is significant. Further,
exploratory factor analysis of all variables shows that there is
no common method deviation, which means that all vari-
ables show good discriminant validity. In conclusion, the
items and data used in this study have good internal con-
sistency. The results of Table 1 indicate that the scales have
good reliability and validity, the values of Cronbach’s « are
all higher than 0.6, and the values of factor loading are all
higher than 0.5.

Based on the hypotheses proposed in this study, the
correlation coefficients among variables are tested. As shown
in Table 2, there are significant positive correlations among
intellectual property capability, relay innovation, relation-
ship learning, and knowledge matching, and the significance
levels (p value) corresponding to the correlation coeflicients
are less than 0.01.

The diagonals in Table 2 are the AVE square roots of
latent variables. It can be seen that each AVE square root in
this study is greater than the correlation coefficient with
other latent variables. In order to further test the discrim-
inant validity of variables, this study uses AMOS and
MUPLUS software to conduct confirmatory factor analysis
on the four variables in the conceptual model and theoretical
analysis framework (intellectual property capability, relay
innovation, knowledge matching, and relationship learn-
ing). As shown in Table 3, when the model of four factors is
adopted, the data fitting effect is the best, indicating that the
variables and scales have good validity and reliability.

5. Empirical Analysis Results

5.1. Empirical Analysis Methods. This study mainly involves
three empirical analysis methods, which are divided into pre-
liminary pretest and in-process test. Preliminary pretest is the
premise and basis of in-process test. The three empirical analysis
methods have logical relationships among each other, which
constitute the logical context chain of mutual progression and
show the progressive relationships among each other. The
empirical analysis methods are involved in the fusion of rough
set and binary firefly algorithm based on community weak
connection mechanism (CWLBGSO), directed acyclic graph
(DAG), and Bootstrap structural equation modeling (Bootstrap
SEM). CWLBGSO and DAGareused in the preliminary pretest,
and Bootstrap SEM is used in the in-process test.

Firstly, this study uses CWLBGSO to preliminarilyidentify
the function mechanism of intellectual property capability on
relay innovation and the interaction and mutual causality
among variables in the conceptual model and theoretical
analysis framework of function mechanism of intellectual
property capability on relay innovation in advance,
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TaBLE 1: Reliability and validity analysis of the scales.

Variables Dimensions Observation variables Factor loadings Cronbach’s «
V1 0.755
. . V2 0.693
Intellectual property creation capability V3 0.686 0.738
V4 0.705
V5 0.738
Vo6 0.752
Intellectual property application capability \¥ 0.643 0.782
Intellectual property capability A% 0.624
V9 0.678
V10 0.626
Vil 0.722
. V12 0.831
Intellectual property synergy capability Vi3 0709 0.762
V14 0.685
V15 0.702
Innovation discover V16 0.720
Y V17 0.648
V18 0.800
. . Innovation transformation V19 0.697
Relay innovation V20 0.655 0.740
V21 0.717
Innovation realization V22 0.825
V23 0.743
V24 0.716
Source knowledge matching V25 0.698
V26 0.724
. V27 0.784
Knowledge matching Knowledge carrier matching V28 0.771 0757
V29 0.699
. . . V30 0.787
Application environment matching V3l 0775
V32 0.689
V33 0.699
. . V34 0.728
Information sharing V35 0.807
V36 0.780
V37 0.672
V38 0.733
Relationship learning V39 0.711 0.723
Common understanding V40 0.694
V41 0.743
V42 0.765
V43 0.723
. . V44 0.695
Relationship memory V45 0.800
V46 0.739
Note: relevant items are obtained from relevant literature and references.
TaBLE 2: Descriptive statistics and correlations among variables.
Variables Mean SD 1 2 3 4 5 6
Intellectual property creation capability 3.482 0.307 0.710
Intellectual property application capability 3.460 0.313 0.587** 0.688
Intellectual property synergy capability 3.428 0.295 0.693** 0.582** 0.715
Relay innovation 3.456 0.378 0.624** 0.518** 0.580"* 0.728
Knowledge matching 3.438 0.222 0.704** 0.621** 0.687** 0.630** 0.743
Relationship learning 3.447 0.212 0.578** 0.512** 0.553** 0.574** 0.734** 0.733

The diagonals in Table 2 are the AVE square roots of latent variables. The bold values in Table 2 mean the AVE square roots of latent variables.
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TaBLE 3: Confirmatory factor analysis (N =213).

Model X?/df (the ratio of chi-square to degree of freedom) CFI GFI TLI RMSEA
Four factors IPC, RI, KM, RL 1.027 0.954 0.927 0.938 0.011
Three factors IPC+RL, RI, KM 3.879 0.880 0.788 0.874 0.057
Three factors IPC + KM, RL, RI 4.678 0.846 0.729 0.812 0.063
Three factors IPC +RI, RL, KM 5.031 0.827 0.711 0.826 0.082
Two factors IPC+ KM, RL +RI 8.928 0.825 0.706 0.823 0.096
Two factors IPC+KM +RL, RI 9.124 0.810 0.692 0.808 0.139
Single factor IPC+RI+ KM +RL 12.031 0.802 0.576 0.775 0.148

Note: IPC stands for intellectual property capability, RI stands for relay innovation, KM stands for knowledge matching, and RL stands for relationship

learning.

preliminarily verify the effectiveness and rationality of the
conceptual model and theoretical analysis framework of
function mechanism of intellectual property capability on
relay innovation, carry out the necessity test and necessary
condition test of conceptual model and theoretical analysis
framework of function mechanism of intellectual property
capability on relay innovation, and conduct the necessity test
and necessary condition test of direct and indirect key core
influencing factors and antecedent conditions (intellectual
property capability, knowledge matching, and relationship
learning) of relay innovation in the conceptual model and
theoretical analysis framework of function mechanism of
intellectual property capability on relay innovation (Figure 1).

Secondly, on the basis of adopting the CWLBGSO to
pretest the direct and indirect influencing factors and an-
tecedent conditions of relay innovation in the conceptual
model and theoretical analysis framework of function
mechanism of intellectual property capability on relay in-
novation, DAG is further adopted to preliminarily test the
causal relationships among the independent variable (in-
tellectual property capability), mediating variable (knowl-
edge matching), moderating variable (relationship learning),
and dependent variable (relay innovation) in the conceptual
model and theoretical analysis framework of function
mechanism of intellectual property capability on relay in-
novation. DAG is also used to preliminarily determine the
directional causality, directional relationships, action rela-
tionships, and action directions among variables in the
conceptual model and theoretical analysis framework of
function mechanism of intellectual property capability on
relay innovation. But DAG method fails to effectively test the
main effect theoretical hypothesis, mediating effect theo-
retical hypothesis, and moderating effect theoretical hy-
pothesis involved in the conceptual model and theoretical
analysis framework of function mechanism.

Thirdly, on the basis of adopting DAG to preliminarily
determine the sufficient conditions and causality, we adopt
Bootstrap SEM to empirically test the main effect, mediating
effect, and moderating effect of the conceptual model and
theoretical analysis framework of function mechanism of in-
tellectual property capability on relay innovation in order to
empirically reveal the function mechanism of intellectual
property capability on relay innovation through the mediating
function of mediating variable (knowledge matching) and the
moderating function of moderating variable (relationship
learning).

5.2. Empirical Analysis Processes and Results

5.2.1. Preliminary Pretest Based on CWLBGSO. Fusion of
rough set and binary firefly algorithm based on community
weak connection mechanism (CWLBGSO) eftectively in-
tegrates the advantages of both of them [53-58].The main
principles and modeling steps of fusion of rough set and
binary firefly algorithm based on community weak con-
nection mechanism (CWLBGSO) are as follows [53, 59-66].
Firstly, we present basic theoretical knowledge:

(1) (Attribute) Reduction Optimization Objective. Domain
S=U,AV, f is defined as an expression system, and do-
main U is a collection of objects. Attributes is defined in
A =CUD,C represents condition, and D represents de-
cision. The attribute value is defined with V = U, ;V,, and
the value range is defined according to V,, and the value
range of r € R is defined. The information function is de-
fined by f: UxA— V , and U mainly represents the
attribute value of x. S = (U, A) is the set, B € A, B+ J, and
N B represent the intersection, and B in IND (B) represents
the indistinguishable relationship. S =U, A, V, F is infor-
mation system. In X CU and BC A, the indistinguishable
relationship of IND (B) in x is [X]g. Regulation U includes
two approximation sets. Approximation set B™ (X) is
B (X) = {x| (x €e UA[x]3N X + @)} and approximation set
B_(X) is B_(X)={x|(xe€UA[x]zcX)}; further,
BNy (X) = B™ (X) — B_(X) represents the boundary of X
on B. k= (U, R) is the required approximate space,
P,Q e R, and knowledge Q and P on k(0<k<1) are
expressed as P=Q.

_ card (posp (Q)).

card (U) M

k=r,(Q
In the above formula, the set cardinality is card, and
posp (Q) is a P positive field of Q.
The objective function is obtained as

F(/\):LT_Z+k. (2)

In the above formula, L represents the number of factors,
I represents the number of attributes in the subset, and
k(0<k<1) represents the dependency between attributes.

(2) Attribute Dependency Solving Algorithm (ASDM). The
ASDM algorithm can effectively solve the attribute
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dependency. The approximate space is explained by
k = (U,R), the knowledge is explained by P,Q € R, and
k(0<k<1) is the dependence of P by Q. Solve the attribute
card with the same nature, and k = r, (Q) = {number of
elements-{same condition attribute} N {same nature attri-
bute}}/{number of objects}.
Secondly, we present binary firefly optimization algorithm.
(1) Basic firefly algorithm:
The brightness of fireflies and the degree of spon-
taneous aggregation between individuals are im-
portant factors for the spontaneous aggregation of
fireflies. Judging whether the obtained values are at
the better level mainly depends on observing their
location, and their location is determined by
brightness. In addition, their brightness also further
affects the degree of attraction. Individuals with
darker fluorescence tend to those with brighter
fluorescence nearby. If we judge the size of attrac-
tion, we need to observe the brightness of their
fluorescence. If the movement of fireflies is irregular,
it can be found that the brightness of the sur-
rounding individuals is at similar level. The stronger
the fluorescence, the smaller the degrees of aggre-
gation among individuals, and the distances among
individuals gradually decrease, which further absorb
the fluorescence in the medium, resulting in the
decrease of brightness.

At time ¢, fluorescein of firefly 0 is
lo(t) = (1= p)lg(t — 1) + uJ (x4 (1)) (3)

At time ¢, 0 represents the distribution probability of
& moving in the specified dynamic set domain:

_ L®O-1@®)
keN, 0k (1) = Lo (1)

Py () (4)

At time (t+ 1), the position of firefly 0 after random
movement is
o x5 () — x4 (£)
XG(t'f'l):xG(t)'f'S ["x(s(t)xe(t)”] (5)
s\t) =X

At time ¢, the radius of firefly 6 dynamic set domain
is updated:

rZ (t+1)= min{rs, maX{O, rg (t) + [S(nt -|Nyg (t)|)}}, (6)

where the volatilization concentration and change
rate are expressed by p and y, the number is
expressed by n,, r, is the moving radius, and 8
represents the update rate.

(2) One-dimensional binary cellular automata model:

There are only two states for the corresponding
variables of the binary discrete optimization prob-
lem, namely, the corresponding variable (expressed
by 1) or the noncorresponding variable (represented

x_gr(t+l):<[
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by 0). Ten-bit binary codes are listed according to the
two states to obtain the L-dimensional 0/1 sequence.
L represents the length of the cell matrix, 0 represents
the individual in the firefly, and the cell value is
Qe {0,1}.

Adopt the formula s(x4.) = 1/1 + exp (—xg,), con-
strain the firefly position among 0/1, and xg, (t + 1)
meets the following constraints:

xg, (t+1) = { 0, sign(xq, (1)) <0.5, )
1, sign(xg, (t)) > 0.5.

According to formulas (3)-(7), the cells of fireflies
are randomly selected to obtain the 0/1 cell array. The
continuously changing firefly community is dis-
cretized according to the Tent mapping mechanism.

Thirdly, we present binary firefly algorithm based on
weak connection mechanism optimization

(1) Weak connection mechanism: the results of inde-

pendently searching for fireflies are divided into
multiple subpopulations. Select the suboptimal in-
dividual in each subpopulation to interact, and
calculate the optimal results combined with binary
firefly algorithm.

(2) The division of search space and the initial solution

of chaotic sequence: chaotic sequence based on the
improved Tent is adopted. The whole search space
(Z) is equally divided into # subintervals of the same
sizes and paired with the corresponding subpopu-
lation, and the following formula is obtained:

2x(xg, (1)+0.1xrand (0,1)), x4,<0.5,
2x(1=(xg, (£)+0.1xrand (0,1))), 0.5<xg,<1.

(8)

The chaotic sequence position of Tent mapping is
between (0,1), and the position of particles after
mapping refers to

xg, (1) = xq, (t) X (xmaxg, — xming, ) + xming,. 9)

(3) Suboptimal interindividual interaction: the subop-

timal individuals in different firefly populations are
selected, and the selected firefly individuals interact
to obtain new firefly populations with more quantity
and better quality, so as to realize diversified firefly
populations.

(4) Optimization hierarchy model based on biological

community behavior: the optimization hierarchy
model based on biological community behavior is
shown in Figure 3.

(5) The main steps of CWLBGSO: the main steps of

CWLBGSO are as follows:

Step 1. Divide the whole search space into #n sub-
intervals with upper and lower boundary values,
and pair each subinterval with the corresponding
subpopulation.
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FIGURE 3: Optimization hierarchy model based on biological population behavior.

Step 2. Define and assign the initial value to the
fluorescein of firefly itself, the decision domain
determined by the radius, and the parameters of the
individual itself, and assign the initial value to the
location of each firefly by using the Tent chaotic
sequence method.

Step 3. According to one-dimensional binary cel-
lular automata, firefly individuals are given 0 or 1: 1
represents the evaluation index of key factors, and 0
represents the evaluation index of nonkey factors.
Further assign the main simulation parameters,
XMIN = {-5,-2.5,0, 2.5}, XMAX = {-2.5,
0,2.5, 5}, fluorescein initial value is [; (0) = 5.0, and
fluorescein volatility is p = 0.4, p =0.6,s = 0.35.
Other relevant parameters need further continuous
improvement, optimization, and adjustment
according to the research problems.

Step 4. After each iteration, calculate the new ad-
aptation value generated by the corresponding 0/1
sequence of fireflies in each subpopulation.

Step 5. Select the new suboptimal individual and
calculate the new adaptation value of the subop-
timal individual to the 0/1 sequence after mutual
interaction.

Step 6. By comparing with the populations after the
interaction among the original subpopulation and
the suboptimal individual, the optimal sequence
fitness in the firefly population is found out.

Step 7. Update the fluorescein and location of in-
dividual fireflies.

Step 8. Update the decision domain radius of firefly
individuals.

Step 9. Repeat the cycle from step 3 to step 8 until
the end condition is met.

Step 10. Give out the outputs and results that meet
the end conditions.

The purpose of CWLBGSO in this study is to preliminarily
identify the function mechanism of intellectual property ca-
pability (intellectual property creation capability, intellectual
property application capability, and intellectual property
synergy capability) on relay innovation and the interaction
and mutual causality among variables in the conceptual model
and theoretical analysis framework of function mechanism of
intellectual property capability on relay innovation inadvance,
preliminarily verify the effectiveness and rationality of the
conceptual model and theoretical analysis framework of
function mechanism of intellectual property capability on
relay innovation, carry out the necessity test and necessary
condition test of conceptual model and theoretical analysis
framework of function mechanism of intellectual property
capability on relay innovation, and conduct the necessity test
and necessary condition test of direct and indirect key
influencing factors and antecedent conditions (intellectual
property capability, knowledge matching, and relationship
learning) of relay innovation in the conceptual model and
theoretical analysis framework (Figure 1) of function mech-
anism of intellectual property capability on relay innovation.

In order to further empirically verify the rationality of the
key core influencing factors of relay innovation (intellectual
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property creation capability, intellectual property applica-
tion capability, intellectual property synergy capability,
knowledge matching, and relationship learning), the auxil-
iary influencing factors of relay innovation are added in the
empirical analysis process of CWLBGSO, and the additional
auxiliary influencing factors consist of ten elements. The
dependent variable in the conceptual model and theoretical
analysis framework of function mechanism is set as relay
innovation. On the basis of the method principles and
modeling steps and the optimization hierarchical model of
biological population behavior, this study adopts the main
principles and steps of CWLBGSO, integrates the ques-
tionnaire data of the previous variables and scales, sets the
previous effective questionnaire samples (the number of
effective questionnaire samplesis 213) as the test data, follows
the parameter setting of the above CWLBGSO algorithm, and
uses MATLAB software to simulate the CWLBGSO algo-
rithm, and the simulation identification results of the
CWLBGSO algorithm show that the combined method se-
lects five key core influencing factors of relay innovation,
mainly including intellectual property creation capability,
intellectual property application capability, intellectual
property synergy capability, knowledge matching, and re-
lationship learning. The reduction rate of influencing factors
is 1-5/15 = 66.67%. The contribution rate and interpretation
rate of five key core influencing factors are as follows: the
optimal classification accuracy of the original dataset is
88.4625% (higher than the threshold value of 80%), the
optimal classification accuracy of the subset of key core
influencing factors is 89.2425% (higher than the threshold
value of 80%), the difference of the optimal classification
accuracy of key core influencing factors is 0.78%, the average
classification accuracy of the original dataset is 81.4462%
(higher than the threshold value of 80%), the average clas-
sification accuracy of the subset of key core influencing
factors is 80.4427% (higher than the threshold value of 80%),
and the average classification accuracy difference of the
subset of key core influencing factors is 1.0035%. The
CWLBGSO algorithm simulation results ensure that the
conceptual model and theoretical analysis framework of
function mechanism of intellectual property capability on
relay innovation pass the necessity test and necessary con-
dition test. The effectiveness and rationality of the conceptual
model and theoretical analysis framework of function
mechanism of intellectual property capability on relay in-
novation are preliminarily verified and demonstrated.

5.2.2. Preliminary Pretest Based on DAG. Directed acyclic
graph, also known as directed acyclic path graph, refers to a
directed graph with acyclic paths, that is, a graph in which all
edges are directed edges and acyclic paths, which represents
the asymmetric contemporaneous causality among se-
quences and variables [67-76].

For V AAZZ, BBZZ, CCZZ in V, if AAZZ-BBZZ, then
AAZZ and BBZZ are called neighbors. If AAZZ—BBZZ,
then AAZZ is called the parent node of BBZZ, then AAZZ is
the direct cause of BBZZ, BBZZ is a child node of AAZZ, and
then BBZZ is the direct result of AAZZ. If AAZZ to BBZZ

Computational Intelligence and Neuroscience

has a directed path (e.g., AAZZ — CCZZ — BBZZ), then
AAZZ is the grandfather node of BBZZ; that is, AAZZ is the
cause of BBZZ caused by CCZZ, BBZZ is the descendant
node of AAZZ, and then BBZZ is the result of AAZZ
through CCZZ. In the DAG model, if there is—
CCZZ < on path 7, point CCZZ is called the collision
point on path 7; otherwise, it is called the noncollision
point. If the following two points are met, (1) each non-
collision point on path 7 is not in set S and (2) each collision
point on path 7 is in set S, then path 7 is said to be
connected by set S;_; otherwise, it is said to be blocked by
d—. If all paths between AAZZ and BBZZ are blocked by set
Sq_» AAZZ and BBZZ are isolated by set S,_. For example,
for a set of V variables W={AAZZ, BBZZ, CCZZ, DDZZ,
EEZZ, ¥FZZ,LLZZ, MMZZ,NNZZ}, the multiple causality
among variables in DAG is shown in Figure 4. According to
the above definition, in Figure 4 P diagram, variables AAZZ
and BBZZ are not related to each other; that is, the con-
ditional correlation coefficient is 0. Therefore, the empty set
¢ is a separate set between variables AAZZ and BBZZ.
CCZZ is the result of AAZZ and BBZZ. It is the collision
point between AAZZ and BBZZ. Therefore, set W=
{CCZZ} does not isolate all paths d between AAZZ and
BBZZ; that is, set {CCZZ} is not an isolated set between
AAZZ and BBZZ. As for Q diagram in Figure 4, FFZZ is the
common cause of DDZZ and EEZZ and the noncollision
point on the path of DDZZ and EEZZ. Therefore, set
{FFZZ} isolates all paths d between DDZZ and EEZZ; that
is, set {FFZZ} is the isolation set between DDZZ and EEZZ.
As for R diagram and S diagram in Figure 4, causality is a
causal chain; that is, MMZZ is the cause of LLZZ, and LLZZ
is the cause of NNZZ. Or NNZZ is the cause of LLZZ and
LLZZ is the cause of MMZZ. The unconditional correlation
coefficient between MMZZ and NNZZ is not zero. LLZZ is
the noncollision point on the path between MMZZ and
NNZZ, and set {LLZZ} isolates all paths d between MMZZ
and NNZZ; that is, set {LLZZ} is the isolation set between
MMZZ and NNZZ [67, 77-84].

DAG mainly analyzes the directivity of multiple repeated
and miscellaneous causalities among research variables
based on d-isolation set (d-separation). According to the
above definition of d-isolation set (d-separation), for any
variable set W={AAZZ, BBZZ, CCZZ}, AAZZ and CCZZ,
CCZZ and BBZZ are neighbors to each other (the corre-
lation coefficient is significantly different from 0): (1) if
AAZZ and BBZZ are not adjacent (the correlation coefficient
is not significant) and CCZZ is not in the separation set of
AAZZ and BBZZ, DAG is determined as in P diagram in
Figure 4. (2) If the direction between AAZZ and CCZZ is
known to be AAZZ — CCZZ, and CCZZ is in the sepa-
ration set of AAZZ and BBZZ, then DAG is determined as in
Q diagram in Figure 4. (3) If the DAG determined according
to the above method is not unique, it shall be judged
according to the economic and management situation, and
the macrosituation, mesosituation, and microsituation shall
be taken as the selection basis. On the above significance test,
the Z statistic of Fisher is applied to test whether the con-
ditional correlation coefficient is significantly not equal to
zero [67, 85-90]:
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FIGURE 4: Multiple causalities among variables in DAG.
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FiGURE 5: Empirical analysis of undirected complete graph. (a) Causal relationships between intellectual property capability and relay
innovation based on mediating variable of knowledge matching in undirected complete graph. (b) Causal relationships between intellectual
property capability and relay innovation based on moderating variable of relationship learning in undirected complete graph. (c) Causal
relationships between intellectual property capability and knowledge matching based on moderating variable of relationship learning in
undirected complete graph. (d) Causal relationships between knowledge matching and relay innovation based on moderating variable of

relationship learning in undirected complete graph.

Z(pGi ik = (3 V=T =3 ) x 1H(M>,

1-p (i, jlkl)
(10)

where n is the number of samples, p (i, jlk|) is the overall
conditional correlation coeflicient of sequences i and j with
respect to sequence k, and |k| is the number of variables. If

sequences i, j,and k obey the normal distribution and y (i, j|k|)
is the sample conditional correlation coeflicient of sequences i
and j with respect to sequence k, then Z(p(i, jlk|),n)—
Z(y (i, jlkl), n) obeys the standard normal distribution.

In this study, d-isolation set (d-separation) is combined
with PC algorithm to determine the contemporaneous
causality among variables. Firstly, the complete graph
among variables is determined; that is, there is an undirected
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FiGure 6: Empirical analysis of DAG. (a) Causal relationships between intellectual property capability and relay innovation based on
mediating variable of knowledge matching in DAG. (b) Causal relationships between intellectual property capability and relay innovation
based on moderating variable of relationship learning in DAG. (c) Causal relationships between intellectual property capability and
knowledge matching based on moderating variable of relationship learning in DAG. (d) Causal relationships between knowledge matching
and relay innovation based on moderating variable of relationship learning in DAG.

edge between any two variables; secondly, the unconditional
correlation coeflicients among variables are calculated, and
the edges with insignificant correlation coefficients are
eliminated; thirdly, the first-order partial correlation coef-
ficient shall be tested in the remaining undirected edges, and
so on. If there are N variables, the N -2 partial correlation
coeflicient should be calculated at most; finally, the direc-
tivity of undirected edges in the graph is determined by
using the method of d-separated set [67-73].

This study adopts DAG method with the help of Tetrad
IV software and executes PC algorithm in order to verify the
multiple repeated and miscellaneous causal relationships
among independent variable, mediating variable, moder-
ating variable, and dependent variable in the conceptual
model and theoretical analysis framework of function
mechanism of intellectual property capability on relay in-
novation. The relevant DAG empirical analysis results are
shown in Figures 5 and 6 (undirected complete graph and
directed acyclic graph), and the directivity results among
independent variable, mediating variable, moderating var-
iable, and dependent variable in Figures 5 and 6 further
pretest and verify the directivity, guidance, effectiveness, and
necessity of relevant theoretical research hypotheses in the
conceptual model of function mechanism of intellectual
property capability on relay innovation in advance and
turther preliminarily demonstrate the multiple repeated and
miscellaneous causalities among variables in the conceptual
model and theoretical analysis framework of function
mechanism of intellectual property capability on relay in-
novation in Figure 1.

5.2.3. Empirical Analysis of Function Mechanism Based on
Bootstrap SEM

(1) Mediating Effect Analysis. The AMOS 23.0 and MUPLUS
7.0 software are used to carry out empirical analysis of
Bootstrap structural equation modeling (Bootstrap SEM) to
verify and test the theoretical hypotheses. The total amount
of Bootstrap sample is 2000. The structural equation
modeling method is used to analyze the data, and the results
are shown in Table 4. It can be seen that intellectual property
capability has a significant positive influence on relay in-
novation (model 1: $=0.857, p <0.001). Among them, in-
tellectual property creation capability, intellectual property
application capability, and intellectual property synergy
capability all have significant positive impacts on relay in-
novation (f1=0.692, p<0.001; B2=0.596, p<0.00;
B3=0.656, p<0.001), and hypothesis 1 is verified.

The mediating effect is tested according to the mediating
effect test procedure proposed by Wen et al. [91]. Model 2
and model 3 integrate mediating variable into the structural
equation modeling to test the relationships between inde-
pendent variable and dependent variable, respectively, the
relationships between independent variable and mediating
variable, and the relationships between independent variable
and dependent variable under the action of mediating
variable. The results in Table 4 show that intellectual
property capability has a significant positive impact on
knowledge matching (8=0.612, p <0.01), and hypothesis 2
is verified; knowledge matching has a significant positive
impact on relay innovation (f=0.277, p<0.01), and
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TaBLE 4: Test results of mediating effect and moderating effect.

Mediating effect

Relay
innovation
Model 1

Relay
innovation
Model 2

Knowledge
matching
Model 3

Variables

Knowledge
matching
Model 4

Moderating effect

Relay
innovation
Model 9

Knowledge
matching
Model 5

Relay
innovation
Model 6

Relay
innovation
Model 7

Relay
innovation
Model 8

Independent variables
Intellectual
property
capability
Intellectual
property
creation
capability
Intellectual
property
application
capability
Intellectual
property
synergy
capability

0.857*** 0.687*" 0.612** 0.595%*

0.692***

0.596"**

0.656™""

0.474" 0.574*" 0.517*

Mediating variable
Knowledge
matching
Moderating
variable
Relationship
learning

0.277**

0.156"

0.645** 0.707*

0.717* 0.368" 0.310" 0.245" 0.309"

Moderating effect
Interactive item
(intellectual
property
capability =
relationship
learning)
Interactive item
(knowledge
matching *
relationship
learning)

The ratio of chi-
square to degree
of freedom
RMSEA

CFI/TLI

2.812 2.736 2.589 2.601
0.075
0.910/

0.908

0.072 0.059 0.061

0.914/0.913 0.928/0.924 0.925/0.923  0.924/0.922 0.917/0.915

0.234* 0.316*

0.218~

2.667 2.698 2.678 2.536 2.482

0.054
0.937/
0.932

0.063 0.068 0.067
0.922/

0.920

0.057
0.933/
0.929

hypothesis 3 is verified. The results obtained in Table 4 show
that, after the introduction of mediating variable knowledge
matching, although the influence coefficient value of intel-
lectual property capability on relay innovation 8 decreases,
the influence is still significant (f=0.687, p<0.01), indi-
cating that knowledge matching plays a mediating variable,
and hypothesis 4 is tested.

(2) Moderating Effect Analysis. According to the moderating
effect test procedures proposed by Wen et al. [92], this study
determines the interactive items in model 5, model 7, and
model 9 before verifying the moderating effect. Interactive
item 1 is intellectual property capability * relationship
learning; interaction item 2 is knowledge matching =

relationship learning. Then, the variables used are central-
ized; that is, the variables subtract their mathematical ex-
pectations, so as to eliminate the multicollinearity problem
among the interactive items and the main variables in the
conceptual model and theoretical analysis framework. The
variance expansion factor (VIF value) is used to test the
multicollinearity among variables. The VIF values are less
than value 4, indicating that there is no obvious multi-
collinearity among variables. At the same time, DW statistics
are used to test the autocorrelation of residuals to eliminate
its impact on the prediction function of the model. The
values of DW statistics are all around 2, indicating that there
is no autocorrelation problem in the model. Referring to
sequential test methods for moderating effects of Muller
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\/
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FiGure 7: The moderating effect of relationship learning on in-
tellectual property capability and knowledge matching.

relay innovation

v

intellectual property capability

—— weak relationship learning
—— strong relationship learning

Figure 8: The moderating effect of relationship learning on in-
tellectual property capability and relay innovation.

et al. [93], we test the moderating effects. According to the
structural equation modeling test of intellectual property
capability, knowledge matching, moderating variable, and
interactive item (intellectual property capability # rela-
tionship learning) in model 4 and model 5 in Table 4, it is
shown that relationship learning, as the moderating variable,
plays a positive moderating role between intellectual
property capability and knowledge matching (5=0.234,
p<0.05), and as shown in Figure 7, the stronger the en-
terprise relationship learning, the stronger the influence of
intellectual property capability on knowledge matching.
Hypothesis 5 is verified. Model 6 and Model 7 conduct
structural equation modeling tests on intellectual property
capability, relay innovation, moderating variable, and in-
teractive item (intellectual property capability * relation-
ship learning) and show that relationship learning, as the
moderating variable, plays a positive moderating role be-
tween intellectual property capability and relay innovation
(8=0.316, p<0.05), and as shown in Figure 8, the stronger
the enterprise relationship learning, the stronger the impact
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relay innovation

_

v

knowledge matching

—— weak relationship learning
—— strong relationship learning

FIGURE 9: The moderating effect of relationship learning on
knowledge matching and relay innovation.

of intellectual property capability on relay innovation, and
hypothesis 6 is verified. Models 8 and 9 carry out structural
equation modeling tests on knowledge matching, relay in-
novation, moderating variable, and interactive item
(knowledge matching # relational learning), showing that
relationship learning, as the moderating variable, plays a
positive moderating role between knowledge matching and
relay innovation (8=0.218, p<0.05), and as shown in
Figure 9, the stronger the enterprise relationship learning,
the stronger the influence of knowledge matching on relay
innovation. Hypothesis 7 is verified. The necessary goodness
of fit index in Table 4 reaches the specified standard and
exceeds the specified threshold, the ratio of Chi-square to
degree of freedom is greater than value 1 and less than value
3, RMSEA is lower than 0.08, and CFI and TLI are all higher
than 0.9. In Table 4, N =213, *indicates p < 0.05, **indicates
p<0.01, and ***indicates p <0.001.

6. Research Conclusions

Relay innovation is an important innovation mode to
comply with the explosive growth of unicorn enterprises.
Through relay innovation, enterprises can identify effective
innovation opportunities and reduce innovation risks. In-
tellectual property capability is an important means to
improve patent and technology transformation efficiency
and reduce technological innovation cycle. This study fo-
cuses on the new innovation mode with the main mani-
festations of technology undertaking and sequential relay of
unicorn enterprises and puts emphasis on the origin of relay
innovation. Taking knowledge matching and relationship
learning as the starting points, this study constructs the
conceptual model and theoretical analysis framework of
function mechanism of intellectual property capability on
relay innovation through the mediating effect of knowledge
matching and the moderating effect of relationship learning,
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makes out the empirical analysis study, and draws the fol-
lowing main conclusions and enlightenment. Hybrid
methods composed of fusion of rough set and binary firefly
algorithm based on community weak connection mecha-
nism (CWLBGSO), directed acyclic graph (DAG), and
Bootstrap structural equation modeling (Bootstrap SEM)
can orderly carry out empirical analysis of the conceptual
model of the function mechanism, and the hybrid methods
can successfully and effectively reveal and expound the
function mechanism of intellectual property capability on
relay innovation through the mediating effect of knowledge
matching and the moderating effect of relationship learning.
The empirical analysis results show that intellectual property
capability has a positive role in relay innovation of unicorn
enterprises significantly, knowledge matching plays the
positive mediating role between the relationships of intel-
lectual property capability and relay innovation significantly,
relationship learning plays the moderating role of the re-
lationships between intellectual property capability and relay
innovation, relationship learning plays the moderating role
of the relationships between intellectual property capability
and knowledge matching, and relationship learning plays
the moderating role of the relationships between knowledge
matching and relay innovation.

Previous studies had shown that the level of intellectual
property capability was an important factor in determining
the innovation mode adopted by enterprises, and the im-
provement of intellectual property capability brought about a
variety of possibilities for enterprise innovation. For example,
Namvar et al. [94] and Barney [95] believed that, from the
perspective of resource view theory, the competitive advan-
tage of enterprises originated from internal heterogeneous
resources, and the intellectual property capability just con-
formed to the above characteristics. However, relevant studies
generally followed the traditional intellectual property
management process to define the content of intellectual
property capability; that is, they believed that intellectual
property capability included the creation, application, pro-
tection, and management of intellectual property, and they
put emphasis on the importance of intellectual property
system [96]. As the unicorn enterprise with capital agglom-
eration and technology agglomeration, the interaction and
reprocessing of information, knowledge, and technology are
obviously particularly important for relay innovation.
According to the needs of the research topic, this study
regards intellectual property synergy as an important part of
intellectual property capability and finds that intellectual
property synergy can dilute the complexity of relay innova-
tion knowledge system and alleviate the contradiction of
intellectual property distribution in all linkages of relay in-
novation and improve the frequency and success rate of relay
innovation. The research conclusion suggests that unicorn
enterprises need to balance the relationships between intel-
lectual property synergy and intellectual property protection.
Reasonable intellectual property synergy can create the ap-
propriate intellectual property application scenario and make
various tacit knowledge elements of the “transferee” of relay
innovation explicit. Reasonable intellectual property synergy
can also stimulate the innovation inspiration of unicorn
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enterprises and reduce the enterprise learning obstacles
caused by heterogeneous knowledge.

In the process of information exchange and technology
transfer among relay innovation subjects, knowledge
matching ability is particularly important. This study puts
forward the logical framework of “intellectual property ca-
pability-knowledge matching-relay innovation,” takes
knowledge matching as an important path of the internal
influence mechanism of intellectual property capability and
relay innovation, and verifies the mediating effect of knowl-
edge matching. According to the research results of Wilkes-
mann et al. [97] and Rhodes et al. [98], knowledge matching
reflects the unity of the usefulness and ease of use of knowl-
edge, and the effectiveness of knowledge matching depends on
the ability of the “transferee” to construct, deconstruct, and
reconstruct the source knowledge. The research conclusion
points out that knowledge matching itself belongs to the
dynamic matching process from “learning application feed-
back”; from the perspective of professional division of labor, it
is necessary for unicorn enterprises to introduce professional
individuals or organizations to assume the role of “knowledge
gatekeeper,” improve the efficiency and outcome of knowl-
edge acquisition, analysis, screening, and processing and the
matching degrees of knowledge, and finally enhance the in-
novation effectiveness of unicorn enterprises.

Common relay innovation cooperation methods include
technology licensing, data authorization, commissioned
research, etc. Unicorn enterprises with strong relationship
learning have stronger ability to understand, absorb, and
transform knowledge or technology, which are conducive to
enterprise knowledge exchange, so as to make it easier for
enterprises to obtain knowledge matching and relay inno-
vation achievements. This study takes relationship learning
as the moderating variable to adjust, moderate, and
strengthen the relationships among intellectual property
capability, knowledge matching, and relay innovation, re-
spectively. This conclusion is the further deepening
achievements of the related research results of scholars Ruey
and Rudolf [27], Chen and Cai [28], Jian et al. [44], and
Powell et al. [99]; these scholars all take relationship learning
as the independent variable to explore the mutual impact of
relationship learning and enterprise innovation perfor-
mance. This study believes that relationship learning, as one
of the means of knowledge exchange and knowledge
learning among enterprises, cannot directly affect the in-
novation performance of enterprises, which further affects
the innovation performance of unicorn enterprises by
adjusting, moderating, and strengthening the relationships
among enterprise intellectual property capability, knowledge
matching, and relay innovation, respectively. At the practical
level, unicorn enterprises need to clarify the internal rela-
tionships among relationship learning, knowledge match-
ing, and intellectual property capability. Relay innovation
cooperation parties should improve the openness of
knowledge learning and pursue higher-level relationship
learning activities with the attitude of seeking common
ground while reserving differences, so as to improve the
effectiveness and outcome of intellectual property capability,
knowledge matching, and relay innovation.



20

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author upon reason-
able request.

Conflicts of Interest

The authors declare that they have no conflicts of interest to
report regarding the present study.

Acknowledgments

This work is supported by Social Science Planning Fund
Project of Liaoning Province (L21AGLO012).

References

[1] W. W. Powell and J. Owen-Smith, “Universities and the
market for intellectual property in the life sciences,” Journal of
Policy Analysis and Management, vol. 17, no. 2, pp. 253-277,
1998.

X. Kang, J. Z. Yang, and L. Y. Yu, “Function mechanism of
knowledge lattice in gazelle ebterprises’ relay innvation-Using
knowledge matching and knowledge transfer as conducting
variables,” Managerial and Decision Economics, vol. 42, no. 7,
pp. 1782-1792, 2021.

[3] T.Z.1i,J. Ma, and M. M. Liang, “General law and application
value of relay Innovation-Taking biopharmaceutical industry
as an example,” Technical economy, vol. 31, no. 11, pp. 9-13,
2012.

K. Pavitt, “Patterns of technology change: Towards a tax-
onomy and a theory,” Research Policy, vol. 13, no. 6,
pp. 343-374, 1984.

[5] D. C. Mowery, “American industry resurgence? An overview
U.S. industry in 2000,” in Study in competitive Performance,
pp- 1-14, National Academy Press, Washington, D. C, 1999.

[6] A. Link, “Public/Private Partnerships In The United States,”
Industry & Innovation, vol. 6, no. 2, pp. 191-217, 1999.

[7] M. Gibbons, C. Limoges, and H. Nowotny, The New Pro-
duction of Knowledge, pp. 65-67, Sage, London, 1994.

[8] T. Z. Li, . Ma, and W. Feng, “Relay innovation of Chinese
enterprises: Taking BGI as an example,” Science of Science and
Management of S.¢ T, vol. 36, no. 11, pp. 90-102, 2015.

[9] K. G. Rivera, “Discovering new value in intellectual property,”
Harvard Business Review, vol. 2000, no. 1, pp. 54-58, 2000.

[10] A. I Poltorak and P. J. Lerner, Essentials of Intellectual
Property, Renmin University of China Press, Beijing, 2004.

[11] R. Li, Y. G. Xiao, and X. M. Wang, “Analysis on the con-
struction of independent intellectual property rights capa-
bilities of Chinese enterprises under the background of
globalization,” Journal of University of Electronic Science and
Technology of China, vol. 9, no. 1, pp. 45-49+76, 2007.

[12] M. A. Schilling, Strategic Management of Technological
Innovation, pp. 199-204 McGraw-Hill Education, New York,
NY, USA, 2005.

[13] L. Tonisson, R. Millien, and L. Maicher, Shortcomings on the

Market for Intellectual Property, Fraunhofer Center for In-

ternational Management and Knowledge Economy Leipzig,

Germany, 2016.

R. Alfred and W. Lothar, “Elements of good practice for

providers of publicly funded patent information services for

SMEs-selected and amended results of a benchmarking

—
s

[4

(14

Computational Intelligence and Neuroscience

exercise,” World Patent Information, vol. 32, no. 3, pp. 237-
245, 2009.

[15] R.Y. Chiand L. P. Pan, “Composition of intellectual property
capabilities, internal and external influencing factors and
corporate growth-Driven by internal forces, or driven by
external forces?” Studies in Science of Science, vol. 34, no. 1,
pp. 81-88, 2007.

[16] D. T. Morresen, “Matching: Finding a partner for life or
otherwise,” American Journal of Sociology, vol. 27, no. 5,
pp. 507-523, 1988.

[17] J.Tidd, J. Bessant, and K. Pavitt, Management Innovation: The
Integration of Technological Change, Market Change and
Organizational Change, Tsinghua University Press, Beijing,
2008.

[18] D. Mindruta, “Value creation in university-firm research
collaborations: A matching approach,” Strategic Management
Journal, vol. 34, no. 6, pp. 644-665, 2013.

[19] Z. X. Yan and Y. J. Bian, “Research on the impact of TAM-
based knowledge matching on knowledge transfer perfor-
mance,” Information Science, vol. 34, no. 12, pp. 145-150,
2016.

[20] L. Hallen, J. Johanson, and N. Seyed-Mohamed, “Interfirm
adaptation in business relationships,” Journal of Marketing,
vol. 55, no. 2, pp. 29-37, 1991.

[21] J. H. Dyer and H. Singh, “The relational view: Cooperative
strategy and sources of interorganizational competitive ad-
vantage,” Academy of Management Review, vol. 23, no. 11,
pp. 660-679, 1998.

[22] F. Selnes and J. Sallis, “Promoting relationship learning,”
Journal of Marketing, vol. 67, no. 3, pp. 80-95, 2003.

[23] L. Ling-Yee, “Relationship learning at trade shows: Its an-
tecedents and consequences,” Industrial Marketing Manage-
ment, vol. 35, no. 2, pp. 166-177, 2006.

[24] Y.-S. Chen, M.-].]. Lin, and C.-H. Chang, “The positive effects
of relationship learning and absorptive capacity on innovation
performance and competitive advantage in industrial mar-
kets,” Industrial Marketing Management, vol. 38, no. 2,
pp. 152-158, 2009.

[25] C.-H. Wang and L.-C. Hsu, “Building exploration and ex-
ploitation in the high-tech industry: The role of relationship
learning,” Technological Forecasting and Social Change,
vol. 81, no. 1, pp. 331-340, 2014.

[26] E. L.-y. Li, “Environmental management practices and per-
formance of international suppliers located in China: How
does relationship learning matter?” in Asian Businesses in a
Turbulent Environment, pp. 167-183, Palgrave Macmillan,
London, 2016.

[27] J. Ruey J and R. S. Rudolf, “Relationship learning and per-
formance enhancement via advanced information technol-
ogy,” International Marketing Review, vol. 27, no. 2, pp. 1-50,
2010.

[28] Y. Chen and N. Cai, “An empirical study on relationship
learning and enterprise technological innovation,” Journal of
Management in Engineering, vol. 25, no. 4, pp. 222-226, 2011.

[29] H.F. Cai, Y. G. Li, and W. Qu, “Indicator system and method
of intellectual property capability measurement and empirical
research: A case study of a national scientific research in-
stitution,” Studies in Science of Science, vol. 31, no. 12,
pp. 1825-1835, 2007.

[30] J.Li, S. W. Zhan, and Z. Li, “Intellectual property capabilities,
external intellectual property protection and innovation ef-
ficiency of animation enterprises,” Soft Science, vol. 31, no. 9,
pp. 40-44, 2017.



Computational Intelligence and Neuroscience

[31] T. S. Robertson and H. Gatignon, “Technology development
mode: A transaction cost conceptualization,” Strategic
Management Journal, vol. 19, no. 6, p. 17, 1998.

[32] T. Z. Li, L. Yin, R. T. Miao, W. Feng, and J. Ma, ““Scientific

business” and “relay innovation” research-Based on bio-

pharmaceuticals,” Studies in Science of Science, vol. 30, no. 12,

pp. 1882-1890, 2012.

T.Z.Li, X. L. Hou, and J. Ma, “Research on the transformation

mechanism of scientific and technological achievements of

colleges and universities based on relay innovation,” Science &

Technology Progress and Policy, vol. 34, no. 3, pp. 147-151,

2017.

[34] X. Kang, “Research on the performance of open IP man-
agement in high-tech industries based on optimal portfolio
empowerment method,” Science and Technology Management
Research, vol. 20, no. 27, pp. 150-156, 2016.

[35] L. Dahlander and D. M. Gann, “How open is innovation?”
Research Policy, vol. 39, no. 6, pp. 699-709, 2010.

[36] B. Zhang, “Research on collaborative innovation models for
small and medium-sized enterprises,” Science and Technology
Management Research, vol. 30, no. 2, pp. 5-7, 2010.

[37] J. Mu, F. Tang, and D. L. Maclachlan, “Absorptive and dis-
seminative capability: Knowledge transfer in intra-organiza-
tion networks,” IEEE Engineering Management Review,
vol. 37, no. 37, pp. 31-38, 2010.

[38] B. Kogut and U. Zander, “Knowledge of the Firm, Combi-
native Capabilities, and the Replication of Technology,” Or-
ganization Science, vol. 3, no. 3, pp. 383-397, 1992.

[39] D. Lavie, “Alliance portfolios and firm performance: A study
of value creation and appropriation in the U.S. software in-
dustry,” Strategic Management Journal, vol. 28, no. 12,
pp. 1187-1212, 2007.

[40] Z. X. Yan and Y. J. Bian, “Analysis of implicit knowledge
transfer matching and countermeasures,” Information Stud-
ies: Theory & Application, vol. 40, no. 3, pp. 48-53, 2017.

[41] S. Liao and T. Hu, “Knowledge transfer and competitive
advantage on environmental uncertainty: An empirical study
of the Taiwan semiconductor industry,” Technovation, vol. 27,
no. 6, pp. 402-411, 2007.

[42] S. K. Muthusamy and M. A. White, “Learning and knowledge
transfer in strategic alliances: A social exchange view,” Or-
ganization Studies, vol. 26, no. 3, pp. 415-441, 2005.

[43] S. Gupta, A. Woodside, C. Dubelaar, and D. Bradmore,

“Diffusing knowledge-based core competencies for leveraging

innovation strategies: Modelling outsourcing to knowledge

process organizations (KPOs) in pharmaceutical networks,”

Industrial Marketing Management, vol. 38, no. 2, pp. 219-227,

2009.

Z. Q. Jian, J. H. Chen, and X. Y. Zheng, “Research on the

impact of network capabilities and relational learning on

service innovation performance,” Journal of Industrial En-

gineering and Engineering Management, vol. 28, no. 3,

pp. 91-99, 2014.

[45] C. H. Song, H.J. Ma, and N. Ma, “Relationship learning, dual
innovation and enterprise performance relationship re-
search,” Foreign Economics & Management, vol. 39, no. 9,
pp. 32-46, 2017.

[46] H.J. Yuan and G. F. Ning, “Research on the integration of

relationship learning, knowledge absorption and knowledge

of CDRS consulting teams,” Researches In Library Science,

vol. 22, no. 11, pp. 84-87, 2013.

R. Gulati, “Does Familiarity Breed Trust? The Implications of

Repeated Ties for Contractual Choice in Alliances,” Academy

of Management Journal, vol. 38, no. 1, pp. 85-112, 1995.

(33

[44

[47

21

[48] A. Lee, Welcome to the Unicorn Club: Learning from
Billion-Dollar Startups [EB/OL], pp. 1-24, Tech Crunch,
2013, http://techcrunch.com.

[49] T.J. Chu and T. Song, “A study on the spatial distribution of
unicorn enterprises in China and its influencing factors,”
World Regional Studies, vol. 26, no. 6, pp. 101-109, 2017.

[50] F. Cao, “How can unicorn enterprises lead disruptive inno-
vation?” High-Technology ¢ Commercialization, no. 1,
pp. 18-21, 2017.

[51] T. Z. Li, J. Ma, and W. Feng, “Relay innovation in the in-
formation industry: A multi-case study,” Science of Science
and Management of S.¢ T, vol. 32, no. 3, pp. 447-453, 2014.

[52] W. S. Hu, “Knowledge matching, knowledge transformation
and customer value,” Management Review, vol. 16, no. 6,
pp. 34-49, 2016.

[53] M. Y. Cheng, Z. W. Ni, and X. H. Zhu, “The prediction
method of key influencing factors of haze by fusing rough set
and binary firefly algorithm,” Systems Engineering-Theory &
Practice, vol. 37, no. 1, pp. 241-252, 2017.

[54] K. N. Krishnanand and D. Ghose, “Glowworm swarm opti-
misation: a new method for optimising multi-modal func-
tions,” International Journal of Computational Intelligence
Studies, vol. 1, no. 1, pp. 93-119, 2009.

[55] X. S. Yang, Nature-inspired Etaheutistic Algorithms, Luniver

Press, Beckington, UK, 2008.

D. Nelson Jayakumar and P. Venkatesh, “Glowworm swarm

optimization algorithm with topsis for solving multiple ob-

jective environmental economic dispatch problem,” Applied

Soft Computing, vol. 23, pp. 375-386, 2014.

[57] B. Wu, C. H. Qian, W. H. Ni, and S. H. Fan, “The im-
provement of glowworm swarm optimization for continuous
optimization problems,” Expert Systems with Applications,
vol. 39, no. 7, pp. 6335-6342, 2013.

[58] Z. W.Ni, H. W. Xiao, Z. ]. Wu, and Y. J. Xue, “Optimization
algorithm based on choked discrete firefly swarm optimiza-
tion algorithm and fractal dimension selection method,”
Pattern Recognition and Artificial Intelligence, vol. 26, no. 12,
pp. 1169-1178, 2013.

[59] P. Z. Du, Z. M. Tang, J. F. Lu, and S. Sun, “Global path

planning method of ground autonomous vehicle based on

firefly algorithm under uncertain environment,” Acta Elec-

tronica Sinica, vol. 42, no. 3, pp. 616-624, 2014.

Y. S. Fan, M. L. Wang, M. M. Wen, and D. L. Chen, “Ballistic

penetration effectiveness analysis based on firefly algorithm-

analytic hierarchy method,” Systems Engineering and Elec-

tronics, vol. 37, no. 4, pp. 845-850, 2015.

[61] A. Chouchoulas and Q. Shen, “Rough set-aided keyword
reduction for text categorization,” Applied Artificial Intelli-
gence, vol. 15, no. 9, pp. 843-873, 2001.

[62] C.M.Ye,Y.L.Li,and C. P. Liu, New Bionic Swarm Intelligence
Algorithm and its Application in Production Scheduling, Sci-
ence Press, Beijing, 2015.

[63] Y. J. Ou and Y. Q. Zhou, “Adaptive step size firefly optimi-
zation algorithm,” Computer Applications, vol. 31, no. 7,
pp. 1804-1807, 2011.

[64] X. Du, J. Zhang, and M. Sun, “Artificial glowworm swarm
optimization algorithm based on adaptive t distribution
mixed mutation,” Journal of Computer Applications, vol. 33,
no. 7, pp. 1922-1925, 2013.

[65] Q. Q. Mengand C. H. Mei, “A new property set dependency,”
Journal of Computer Applications, vol. 27, no. 7, pp. 1748-
1750, 2007.

[66] M. Y. Cheng, Z. W. Ni, and X. H. Zhu, “Binary ant colony
optimization algorithm based on life cycle,” Pattern

[56

[60


http://techcrunch.com

22

Recognition and Artificial Intelligence, vol. 27, no. 11,
pp. 1005-1014, 2014.

[67] M. M. Li, H. J. Xiao, and H. B. Li, “Study on the relationships
between regional openness and enterprise technological in-
novation ability: Based on the empirical analysis of directed
acyclic graph,” Operations Research and Management Science,
vol. 25, no. 6, pp. 266-273, 2016.

[68] A.]J. Wang and H. Wang, “Does the “counter-cyclical factor”
raise the level of RMB internationalization?: Based on the
perspective of information overflow,” World Economy Studies,
no. 7, pp. 61-74+136, 2021.

[69] Y. P. Zhang and J. W. Shi, “Study on cross-regional spillover
effects of economic policy uncertainty: Taking Chinese
mainland, Hong Kong and Macau as examples,” International
Economics and Trade Research, vol. 37, no. 4, pp. 50-63, 2021.

[70] Z. Zhang, L. Chen, and P. Chen, “Is the transmission of
monetary policy to the yield curve still valid? -Based on the
analysis of long-term interest rate linkage at the transnational
level,” Studies of International Finance, no. 2, pp. 67-76, 2021.

[71] B. J. Zhang, S. Y. Wang, Y. J. Wei, and X. T. Zhao, “Risk
transmission channels and regulatory countermeasures of
shadow banking in China,” Systems Engineering-Theory ¢
Practice, vol. 41, no. 1, pp. 15-23, 2020.

[72] Q. Fan, “The price conduction relationship between Chinese
classification specifications: Based on directed acyclic graph
technology and structural vector autoregressive model,”
Shandong Social Sciences, no. 12, pp. 141-146, 2020.

[73] C. Deng and J. X. Xie, “Correlation dynamics and spillover
effects test of cyclical fluctuations in Chinese financial sub-
markets,” Journal of Central South University, vol. 26, no. 4,
pp. 100-110, 2020.

[74] B. Zhu, Q. Zhong, Y. Chen et al.,, “A novel reconstruction
method for temperature distribution measurement based on
ultrasonic tomography,” IEEE Transactions on Ultrasonics,
Ferroelectrics, and Frequency Control, vol. 10, no. 5, p. 1,
Article ID 3177469, 2022.

[75] X.T.Lei, Q.Y.Xu, and C. Z. Jin, “Nature of property right and
the motives for holding cash: empirical evidence from Chi-
nese listed companies,” Managerial and Decision Economics,
vol. 43, no. 5, pp. 1482-1500, 2021.

[76] Y. Wu and W. Zhu, “The role of CSR engagement in cus-
tomer-company identification and behavioral intention
during the COVID-19 pandemic,” Frontiers in Psychology,
vol. 12, Article ID 721410, 2021.

[77] Y. C. Yin, W. Jiang, K. Xu, and W. Z. Liao, “Complex surface
coordination decision-making method based on resource
feature fusion,” Control and Decision, vol. 36, no. 6,
pp. 1368-1376, 2021.

[78] H. Yin, L. Zhang, and X. S. Ye, “The time-varying effect of
Chinese industrial restructuring on total factor productivity,”
Journal of World Economy, vol. 43, no. 1, pp. 122-142, 2020.

[79] Z. H. Yang and Y. G. Zhou, “Global systemic financial risk
spillover and external shocks,” Chinese Social Sciences, vol. 41,
no. 2, pp. 26-49, 2018.

[80] Z. X. Bu, “The influencing factors of monetary policy
transparency: Based on the DAG-SVAR model,” Collected
Essays on Finance and Economics, vol. 238, no. 10, pp. 45-56,
2018.

[81] X. Wang, Y. H. Han, and C. Wang, “Linkage effect and
spillover effect analysis of Chinese real estate market: Based on
the study of DAG and spillover index,” Jounal of Applied
Statistics and Management, vol. 37, no. 4, pp. 713-727, 2018.

[82] Y.Li, Y. H. Sun, Q. Yang, Z. Y. Sun, C. Z. Wang, and Z. Y. Liu,
“Method of reaching consensus on probability of food safety

Computational Intelligence and Neuroscience

based on the integration of finite credible data on block
chain,” IEEE Access, vol. 9, pp. 123764-123776, 2021.

[83] W. Zheng, L. Yin, X. Chen, Z. Ma, S. Liu, and B. Yang,
“Knowledge base graph embedding module design for Visual
question answering model,” Pattern Recognition, vol. 120,
Article ID 108153, 2021.

[84] W. Zheng, X. Liu, X. Ni, L. Yin, and B. Yang, “Improving
visual reasoning through semantic representation,” IEEE
Access, vol. 9, pp. 91476-91486, 2021.

[85] A.J. Wangand Q. Du, “Steady growth, reduced leverage: How
to choose the central bank’s monetary policy under the policy
paradox,” Modern Finance and Economics-Journal of Tianjin
University of Finance and Economics, vol. 38, no. 3, pp. 26-37,
2018.

[86] Z.H.Hu, D. L. Zhong, and H. F. Wang, “The pricing influence
of Chinese iron ore futures market: empirical analysis based
on VEC-SVAR model,” Chinese Journal of Management
Science, vol. 26, no. 2, pp. 96-106, 2018.

[87] Z. H. Yang, T. Y. Zhou, and X. F. Huang, “Whether Chinese
fiscal deficit has an inflationary effect-New evidence from the
study of directed acyclic charts,” Journal of Financial Research,
no. 12, pp. 55-70, 2014.

[88] P.Spirtes, C. Glymour, and R. Scheines, Causation, Prediction,
and Search, MIT Press, Cambridge, 2000.

[89] W. Zheng, X. Liu, and L. Yin, “Sentence representation
method based on multi-layer semantic network,” Applied
Sciences, vol. 11, no. 3, p. 1316, 2021.

[90] B. Wu, A. Monfort, C. Jin, and X. Shen, “Substantial response
or impression management? Compliance strategies for sus-
tainable development responsibility in family firms,” Tech-
nological Forecasting and Social Change, vol. 174, Article ID
121214, 2022.

[91] Z. L. Wen, L. Zhang, J. T. Hou, and H. Y. Liu, “Mediating
effect test procedures and their applications,” Acta Psychology
Sinica, vol. 36, no. 5, pp. 614-620, 2004.

[92] Z. L. Wen, J. T. Hou, and L. Zhang, “Comparison and ap-
plication of moderating effects and mediating effects,” Acta
Psychology Sinica, vol. 37, no. 2, pp. 268-274, 2005.

[93] D. Muller, C. M. Judd, and V. Y. Yzerbyt, “When moderation
is mediated and mediation is moderated,” Journal of Per-
sonality and Social Psychology, vol. 89, no. 6, pp. 852-863,
2005.

[94] M. Namvar, M. Fathian, P. Akhavan, and M. Reza Gholamian,
“Exploring the impacts of intellectual property on intellectual
capital and company performance,” Management Decision,
vol. 48, no. 5, pp. 676-697, 2010.

[95] J. Barney, “Firm Resources and sustained Competitive Ad-
vantage,” Journal of Management, vol. 17, no. 1, pp. 99-120,
1991.

[96] T. Schubert, “Infringement of intellectual property in inno-
vation partnerships,” R & D Management, vol. 46, no. S2,
p. 262, 2015.

[97] U. Wilkesmann, H. Fischer, and M. Wilkesmann, “Cultural
characteristics of knowledge transfer,” Journal of Knowledge
Management, vol. 13, no. 6, pp. 464-477, 2013.

[98] J. Rhodes, R. Hung, and P. Lok, “Factors influencing orga-
nizational knowledge transfer: Implication for corporate
performance,” Journal of Knowledge Management, vol. 12,
no. 3, pp. 84-100, 2013.

[99] W. W. Powell, D. R. White, K. W. Koput, and J. Owen-Smith,
“Network dynamics and Field evolution: The growth of In-
terorganizational Collaboration in the life sciences,” American
Journal of Sociology, vol. 110, no. 4, pp. 1132-1205, 2005.



