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In this paper, the correlation between social capital and innovation performance is analyzed using a knowledge graph approach,
and a correlation analysis model is designed for practical use. Given the advantages of knowledge graph technology and the fact
that most recommendation models fail to make full use of the correlation between knowledge graph and recommended items, this
paper proposes a cross-attention fusion-based knowledge graph recommendation algorithm (CAKR). )e CAKR model contains
a cross-fusion module, a recommendation task module, and a knowledge graph embedding task module, and the inputs of the two
task modules are alternately learned in a low-dimensional space by the cross-fusion module. )e input of the two task modules is
alternately learned in the low-dimensional space by the cross-fusion module to interact with the two embedding vectors of items
and entities, and then, the obtained feature vectors are fed into the relevant task modules, respectively, and then, the results are
calculated by the respective prediction functions. )ere is a mediating role of knowledge management capabilities in the in-
novation ecology perspective between social capital and innovation performance of SMEs. Among them, it fully mediates the
relationship dimension of technical social capital, the cognitive dimension of institutional social capital, the relationship and
cognitive dimension of market-based social capital, and innovation performance, and partially mediates the structural and
cognitive dimension of technical social capital, the structural and relationship dimension of institutional social capital, and
innovation performance. )e relationship between knowledge management capability and innovation performance is positively
mediated by environmental dynamics in the innovation ecology perspective, and the positive effect of knowledge management
capability on innovation performance is more significant when the environmental dynamics are stronger, and vice versa. Finally,
based on the results of the empirical study, somemanagement suggestions are provided on how SMEs can reasonably utilize social
capital to enhance their innovation performance.

1. Introduction

At present, due to the complex and diverse consumer de-
mands, the drastic dynamic changes in the market envi-
ronment, and the constant compression of the current
business competition space, the cooperation mode among
various innovation agents has changed from simple bilateral
cooperation or vertical integration to a complex multilateral
dynamic network cooperation mode. In the evolution
process of long-term cooperation and interdependence of
these innovation subjects, an innovation ecosystem like the
mutual influence and interdependence of multiple com-
munities in nature is formed, which realizes the leap from
the engineering mechanized innovation system to the

ecological organic innovation ecosystem [1].)e continuous
development of the real economy requires the effective al-
location of resources, which in turn leads to the formation of
the innovation ecosystem. Based on the common innovation
goal, each innovation subject enjoys a common environ-
ment, rights, resources, and advantages in the innovation
ecosystem. Based on achieving individual forward devel-
opment, they maintain the orderly operation of the overall
system as a part of the innovation ecosystem, thus creating a
common value that cannot be realized by individual orga-
nizations. Since innovation is characterized by uncertainty,
complexity, and risk, enterprises cannot rely on their
strength alone, but also need to introduce complementary
and heterogeneous resources through social relationships
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with the external environment, and promote information
exchange and technology sharing among enterprises. Many
enterprises have begun to use alliances and social rela-
tionships to seek cooperation to obtain useful resources and
valuable information to compensate for their shortcomings
in innovation to reduce losses caused by the negative
characteristics of enterprise innovation. )e board of di-
rectors, as the most important management team of a
company, is the bridge between the company and the outside
world [2]. )e social capital of the board of directors can
obtain resources for the enterprise, can access to high-
quality information technology, and is the key for the en-
terprise to establish relations with the outside world. )e
richer the social capital of the board of directors, the better it
is for the enterprise to obtain reliable information resources
and promote mutual learning among enterprises, thus in-
creasing the richness of the enterprise’s knowledge,
enriching the enterprise’s innovation elements, and thus
improving the enterprise’s innovation performance [3].

)e development of social networks makes the con-
nection between social subjects closer, which enables en-
terprises to have more external innovation resources and
access to innovative ideas and talents. Social capital refers to
the association and trust between social agents, which is
expressed in the form of a relationship network and is the
resource brought by the position of social agents in the social
network [4]. By using social capital, enterprises can
strengthen their interpersonal relationships with other
network members and thus gain access to innovation re-
sources and innovation information [5]. )is facilitates
enterprises to make timely and effective response strategies
to changes in the external innovation environment. In ad-
dition, collaborative research and development with external
research institutions can enhance the enthusiasm of en-
terprises to carry out innovation activities and improve the
output rate of innovation inputs [6]. )erefore, the social
capital accumulated by enterprises can strengthen the
communication and cooperation with external organiza-
tions, enhance the enterprises’ resources and information
acquisition ability, and thus promote their innovation
performance. )e enterprise is the main body of innovation
resource allocation. Enterprises are the allocators, ultimate
realizers, and beneficiaries of innovation resources.
According to their own innovation value chain, enterprises
rationally choose their innovation strategies, allocate in-
novation resources, and accept the test of the market law.
Enterprises can choose to achieve market success through
marketing innovation from the lower end of the innovation
chain, or they can choose to digest and absorb the tech-
nology of other enterprises and innovate by developing
improved products from the middle and lower end. Firms
have different capitals, capabilities, and strategies for doing
business, and their innovation autonomy should be
respected. With the massive inflow of innovation resources,
the allocation of innovation resources can only be done
effectively by relying on the many enterprises in a com-
petitive market. Government departments should not and
can hardly replace enterprises in effectively completing
complex innovation decisions.

Social capital ties enterprises and external organizations
together, can promote technological innovation activities,
and provides certain material support for the improvement
of their technological innovation performance. )erefore,
this paper compares the previous literature, studies the
influence path of social capital on the technological inno-
vation performance of enterprises, analyzes how social
capital affects the technological innovation performance of
enterprises, helps enterprises to build and improve social
networks in a targeted manner, guides enterprises to ac-
cumulate and cultivate social capital, and has certain guiding
significance for improving the technological innovation
performance of enterprises. With the progress of science and
technology and the shortening of the technology renewal
cycle, technological innovation has become an important
part of market competition. Technological innovation is a
process of knowledge creation, which is dynamic, complex,
and networked, and social capital exists in social networks,
which can promote technological innovation activities and
improve technological innovation performance. Although
companies have understood that social capital can con-
tribute to their technological innovation performance, they
are unable to target the role of social capital due to the lack of
research on the transmission mechanism between the two.
In this paper, we select a single company to systematically
illustrate how social capital affects technological innovation
performance, which can guide companies to proactively
cultivate social capital and bring out its contribution to
technological innovation performance.

2. Related Works

)e formulation of the concept of social capital is repre-
sentative and has been followed by some subsequent
scholars. He considers social capital as the ability of subjects
in a social network to obtain resources through network
relationships. Meanwhile, the social capital of an organi-
zation includes the social capital of the organization itself
and the members within the organization [7]. By summa-
rizing the studies of foreign scholars on the definition of
social capital, it is found that social capital contains elements
such as trust, norms, cooperation, and network relation-
ships, and it is proposed that social capital is a resource that
exists in the social network formed by organizations based
on trust and can bring economic benefits to enterprises [8].
After reviewing the previous studies on social capital, he
found that it is difficult to unify the definition of social
capital because each scholar defines social capital according
to their own research needs. He defines social capital from a
systemic perspective and argues that social capital is widely
present in the relevant roles of social structures and that it
can significantly improve the welfare of social agents [9]. He
proposes the idea of applying the concept of social capital in
enterprises, which refers to the collection of explicit and
potential resources embedded in the network structure of
the enterprise, and the manipulation and effective use of
these resources to achieve its goals and target activities for
the enterprise [10]. As most enterprises either lack original
innovation, or are at the middle or low end of the industrial
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value chain, or are restricted in key technologies and basic
components, the low level, high cost, and low income of
innovation activities coexist, and enterprises have to face the
problems of low value-added products, low market recog-
nition, high sunk costs and high conversion costs, and the
“late-development disadvantages” far outweigh the “late-
development advantages.” It can be conceptualized sepa-
rately in terms of internal and external social capital of the
enterprise: External social capital of the enterprise is the
ability to obtain scarce resources from outside. Social net-
work capital is the intermediary in the expected coming
shadow of the development of the enterprise, through the
integration of financial and human capital, reaching con-
sensus on rules and cooperation through historical trans-
actions resounding the development process of the
enterprise [11].

Under the development of modern technology, the
contact nodes of social capital are more connected through
information, and the information transfer through the
network can make information more intensive and com-
munication freer. Internal social capital refers to the ability
of enterprises to optimize internal resources and improve
production efficiency [12]. Specifically, enterprises connect
employees and related departments at the level of mutual
trust and norms to improve the efficiency of cooperation
among various physical elements and employees of the
enterprise and increase the return on efficiency. DBpedia is
used to automate the extraction of structured information
from Wikipedia to build large-scale knowledge graphs by
defining knowledge extraction templates by members of the
Internet community [13]. As the main source of DBpedia
knowledge, the representation and writing of knowledge in
Wikipedia are not always consistent, because people un-
derstand and express knowledge differently. To solve the
problem of inconsistent representation brought by extrac-
tion, DBpedia is built using a mapping mechanism to
achieve uniformity and consistency in knowledge descrip-
tion. )e knowledge in Wikipedia is constantly updated and
iterated, and to keep pace with it, DBpedia developed the
DBpedia Live system to regularly monitor the content up-
dates ofWikipedia [14]. Relationships follow the principle of
balanced transactions, which means that the interaction
between people is mutual. Each person has a different
weighting in your life, there are long lines and short lines in
relationships, some people will always become very im-
portant to you, and then, these are the people you need to
maintain with the utmost care for the rest of your life. Let
others treat you how you want to be treated, and please treat
them in the same or even better way. )e value of rela-
tionships lies in the scarcity of each person’s time. Investing
in time requires us to be clear and purposeful, and we need to
invest more in those who deserve it, while reducing un-
necessary social waste.

Researchers are constrained by objective conditions and
research objectives to select samples from different coun-
tries, regions, or industries, and these differences in sce-
narios may lead to changes in the impact of social capital on
manufacturing technology innovation performance [15].
Due to the different research designs, researchers will choose

different technological innovation performance measure-
ment methods and technological innovation performance
measurement dimensions, and these methodological dif-
ferences may also lead to the emergence of different results
on the impact of social capital on manufacturing techno-
logical innovation performance. )is study hopes to inte-
grate different dimensions of social capital using meta-
analytic techniques in the hope of gaining a clear under-
standing of the relationship between social capital and
manufacturing technology innovation performance and to
explore which situational and methodological factors
moderate the relationship between the two to provide a
reasonable explanation for the controversial nature of the
current study and to enhance the application of social capital
in realistic technology innovation management activities in
manufacturing.

3. Knowledge Mapping of Social Capital and
Innovation Performance Construction

As a hot topic of research in recent years, knowledge
mapping has been widely used in various fields of computer
disciplines such as recommendation systems, information
retrieval, data mining, and visual analytics. )e artificial
intelligence technology that is closely linked with human
knowledge is natural language processing, which can further
understand the specific meaning of people’s language with
the background knowledge provided by knowledge graphs.
Creative ability consists of a variety of competencies, which
include the ability to learn, analyze, synthesize, imagine,
critique, create, solve problems, practice, organize and co-
ordinate, and integrate multiple competencies. Creative
abilities have four main characteristics. Practically, the
difference between innovation and invention lies in its
application and the realization of the value of the results of
creative inventions. With perseverance, innovation is a
complex process involving the innovator’s own abilities and
the social environment. To succeed requires repeated trials
and explorations, and success is only possible through
perseverance.

)e same is true in the recommendation system sce-
nario, where the background knowledge is used to under-
stand the labels, attributes, and relationships of items with
other items to make better choices [16]. )e process of
building a knowledge graph is shown in Figure 1. Because of
the great benefits of knowledge graphs, many companies or
research institutes have built and published large-scale
knowledge graphs in recent years. Based on the construction
methods and data sources, the knowledge graphs published
by different laboratories vary. )e earliest knowledge base
project, Cyc, is a manually constructed common-sense
knowledge graph, which encodes information from the
common-sense knowledge base into a form that can be
understood and used by machines for intelligent inference
through manual methods.

Knowledge graphs can help machines understand a
domain and thus improve the understanding of models, and
understanding a domain often starts with understanding the
domain vocabulary, which is the key knowledge for
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understanding user intent. For example, a recruiter who is
looking for experts or scholars in the domain of knowledge
mapping only needs to determine whether the candidate’s
resume or thesis title contains the domain vocabulary of
knowledge mapping. )e rule, dictionary, and online
knowledge base-based approach is a traditional manual
approach where many domain experts perform manual
writing of rules that are used to extract specific words, such
as place names and group names. Due to the high cost of
manually constructing rules and the limited ability of experts
to cover too large a range, the completeness and accuracy of
the rule-based entity identification method are not guar-
anteed under the current situation where data are updated
and iterated too quickly. Corporate social capital is the
collection of explicit and potential resources, and capabilities
embedded in the structure of a firm’s network that can be
controlled by the firm, are based on trust and reciprocity,
contribute to the quality and efficiency of organizational
processes, and facilitate the achievement of the firm’s ob-
jectives and goal-achieving activities. It is also said that
corporate social capital is the ability of a firm to take in
scarce resources through vertical links, horizontal links, and
social connections.

)e financial situation is closely related to the business
situation. Some scholars in academia have studied the re-
lationship between service innovation and corporate fi-
nancial performance, and they have classified service
innovation from different perspectives such as service
concept and customer meeting, and based on this, they have

quantified and concluded that service innovation will im-
prove the financial performance of the company to a great
extent. )ey found that there is a lag in innovation in-
vestment, the initial impact brought by the investment is
negative, and only after a long period will it bring good
economic benefits to the company, this is because innova-
tion is inherently uncertain, while the market changes in a
variety of ways, innovation to better integrate consumer
needs requires long-term, high-quality research, and de-
velopment activities.
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)e cost of retaining resources rises along with the in-
creased uncertainty of economic policies, and the cost of
adjusting downward to resources will fall at the same time.
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get better and generally reduce resources and costs when
economic policies are in uncertainty, to minimize the risk of
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In general, heterogeneity refers to the variance that exists
across studies. Whether or not each sample falls within the
same distribution is the fundamental purpose of the test, and
is an important part of the process that must be undergone
to integrate a single effect size into a composite effect size.
Sources of heterogeneity are abundant and include different
designs among studies, different lengths of follow-up, the
presence of different moderating variables or different
moderation, differences in statistical methods or models
among studies, and differences in study quality. )e choice
of whichmodel to analyze is also determined by the results of
heterogeneity.

P � softmax O
r

( . (3)

When heterogeneity is evident, a random-effects model
that considers both within-study sampling errors and in-
corporates between-group variance is selected. )is is be-
cause the random-effects model will be corrected for the
weights given to the studies included in the meta-analysis,
and the weights of studies with small (large) sample sizes will
be larger (smaller) than in the fixed-effects model, to balance
the problem of uneven weight distribution that arises when
there are large differences in sample sizes between studies
and make the meta-analysis results more accurate. However,
the model typically produces higher variance and wider
confidence intervals, making it more difficult to explain the
reasons for differences. When the value of heterogeneity is
relatively small or the cause is clear, then a fixed-effects
model is considered a more appropriate choice.
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In the prediction stage, the final binary output value y
can be obtained.

y � argminP
r
i . (5)

)e two methods often used to determine the existence
of heterogeneity are the Q test and the I2 test. )e Q test
chosen for this study is also known as the chi-squared test,
which calculates the Q statistic that follows a chi-squared
distribution based on the overall squared error of effect
values.

)e government controls public resources, including
operational and innovation resources necessary for the
development of enterprises, and it also holds the power to
allocate these resources, approving key projects and allo-
cating scarce resources rationally [18]. Currently, China’s
market mechanism and related institutional system are still
imperfect, and the government intervenes in the market to a
certain extent to optimize resource allocation, including the
use of administrative approval and other forms of control
over scarce resources, and the establishment of access rules
for some industries. If enterprises want to maintain a leading
position in the market competition, improve their core
competitiveness, and maximize their market value, they
must obtain scarce resources from the government, as
shown in Figure 2.

For example, if the number of samples with positive true
labels is particularly small, accounting for only 2% of the
total number, then, if the predicted results of the model are
all negative, the final accuracy can still reach a high level of
98%. However, the model is very bad. Trust is a major social
capital that determines a country’s economic growth and
social progress, in addition to physical and human capital. At
the macro level, the level of trust in a country plays an
important role in its long-term social stability and sustained
economic growth, as well as in the improvement of eco-
nomic efficiency. At the micro level, a higher level of trust
within and between enterprises can increase their com-
petitiveness and improve their performance.

Innovation is a strategic tool to help companies break
through bottlenecks and transform themselves in the face of
a diverse market environment. Performance is the feedback
to the enterprise organization, team, or individual to achieve
the goal. From a comprehensive viewpoint, enterprise in-
novation performance is the feedback to measure the effi-
ciency and excellence of enterprise innovation activities and
is a comprehensive indicator to evaluate the degree of ex-
cellence of enterprise innovation activities. )e definition of
enterprise innovation performance as the performance of
enterprise’s R&D input and innovation results has not been
unified yet, and a review of related literature reveals that it is
mainly based on two perspectives of innovation output and
input [19]. )e innovation output perspective considers
innovation performance as a production-related, innovative
product whose output is novel and useful and can bring
revenue to the enterprise. )e innovation input perspective
is the extent to which a firm’s innovative products are put
into the market, broadly speaking from the formation of the
innovation concept to the achievement of the innovation
results and their introduction into the market.

Due to the plethora of combinations, only a few of the
best-performing combinations of these strategies are re-
ported here. For a multi-input conditional-factual dual-
output model using all four types of input sequences, this
semisupervised design improves accuracy from 65.09% to
67.37%, the recall from 60.24% to 64.36%, and F1 value from
62.57% to 65.82% for label prediction. In tuple cell ex-
traction, it increases the accuracy from 69.51% to 71.42%, the
recall from 70.10% to 72.08%, and the F1 value from 69.80%
to 71.75%.

4. Model Design for Correlation
Analysis between Social Capital and
Innovation Performance

Innovation is a key factor for companies to gain core
competitiveness, and it is a strategic choice with risk and
uncertainty. )e board of directors, as the main decision-
making body of the enterprise, uses its rich experience, skills,
knowledge, and social relationships to perform the function
of supervising the enterprise, establish a network of rela-
tionships in the external environment of the enterprise, and
provide suggestions for the formulation of corporate
strategies and the direction of business development; based
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on the resource dependence theory, the members of the
board of directors of the enterprise can use their internal and
external resources to improve the innovation performance
of the enterprise through effective ways such as investing in
knowledge-based talents and resources [20]. )is requires
directors to use social capital to obtain resources to support
the chosen innovation strategy and to provide legal basis and
advice for the formulation of corporate strategies and help
companies to obtain external resources. Innovation per-
formance is defined as the increase in firm value following
the implementation of the adoption of a new technology,
measured as the increase in the amount of business done by
the firm. )is study uses organizational size as a control
variable. It is expected that organizational technological
diversification, technology accumulation, and external
learning opportunities are likely to have a positive rela-
tionship with organizational size. Performance is a multi-
dimensional construct, and the results will vary depending
on the factors measured. )e United States was the first
country to conduct research on innovation performance
indicator systems.

According to the resource-based view, the resources of
different firms are heterogeneous and do not flow freely. For
enterprises to obtain differentiated resources, the board of
directors is the key factor, social capital has a value that is
difficult for other individuals to imitate, board social capital
is scarce, and board members of different enterprises have

different characteristics that cannot be shared by many
enterprises, the formation of board social capital is a long-
term accumulation process, and the characteristics of board
social capital are also causally ambiguous and have difficult
to imitate unique characteristics. )is helps companies gain
a competitive advantage and industry position. Directors’
social capital changes the way directors perform their
functions and has a significant impact on corporate inno-
vation strategy decisions as well as the implementation
process, as shown in Figure 3.

First, a detailed research and interview outline was
developed according to the research objectives of this paper
(including questions about the business status, historical
events, and partners), which was submitted to the directors
of the target companies through an intermediary for review,
and after removing research questions involving commercial
secrets, the final interview was determined through repeated
consultations. )en, we agreed with the person in charge of
the company on the interview location and interviewees and
determined the interview time without disturbing the
normal operation of the company. Finally, semistructured
interviews were conducted, each lasting about 2 hours, with
senior management, project managers, channel partners, or
functional employees. If necessary, additional research was
conducted via online video to ensure the completeness of the
information. Secondary data were collected from public
information of the target companies, and the main sources
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included the company’s official website, WeChat articles,
industry information, research books, media reports, re-
search reports, internal company publications, and company
publications.

Reputation is an intangible asset that is difficult to be
replicated by other companies, which reflects the recogni-
tion of the company by society and can help the company
achieve sustainable competitive advantage. )e good rep-
utation of an enterprise can help it obtain scarce resources,
development opportunities, and related support. Corporate
reputation provides support for enterprises in forming
competitive advantages in the market, maintaining core
competitiveness, and enhancing market position, and
broadening the development space of enterprises [21]. By
maintaining a good reputation, enterprises can gain more
investors and highly qualified talents, thus relieving their
financial pressure and ensuring the vitality of their
development.

)e complexity of R&D activities makes it impossible for
enterprises to rely solely on their internal resources to carry
out technological innovation activities. Enterprises need to
obtain innovative scientific and technological information
and innovation resources from outside to support their
internal R&D activities. )e social capital owned by an

enterprise reflects the enterprise’s reputation. Good social
capital enables an enterprise to receive certain government
policy support and subsidies and, at the same time, reduces
the difficulty of obtaining loans.)e larger the stock of social
capital of an enterprise, the more external network resources
of government and financial institutions the enterprise can
access, and thus obtain more credit funds to relieve its fi-
nancial pressure in the process of carrying out R&D ac-
tivities. Corporate reputation is also a reflection of the
quality of enterprise development. Nowadays, China’s
market mechanism is still not sound, and credit institutions
will not only examine the financial information of enter-
prises but also their reputation in the process of lending, and
credit institutions will evaluate the quality of enterprise
development based on these two indicators. Data modeling
is a process used to define and analyze the requirements of
data and the corresponding information systems it needs to
support. )ere are three different types, from requirements
to the actual database. )e data model used for information
systems as a conceptual data model is essentially a set of
initial specification techniques for documenting data re-
quirements. )erefore, in today’s market mechanism, which
is still improving, an enterprise with a good reputation can
gain the favor of credit institutions and reduce the shortage
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of funds, which allows more funds to be invested in R&D
activities.

Enterprises need to have the latest technical and financial
information to make the right R&D decisions, but the ex-
istence of information asymmetry makes it difficult for
enterprises to obtain the latest information, thus restricting
their R&D activities. Companies with high social capital
stock can use their social capital to ensure communication
with external organizations and broaden their information
access so that they can learn the latest information and lift
the limitation caused by information asymmetry [22].
)erefore, social capital can help enterprises reduce the
negative impact of information asymmetry, reduce financing
costs, and support their R&D investment decisions.

According to the theory of technological innovation,
innovation is an investment activity with high risk, and R&D
activities often require a large investment of capital and
workforce and have a high chance of failure. From the
beginning of innovation investment to the final mass pro-
duction of innovative products or the application of inno-
vative technologies, there are uncertainties and
uncontrollable risks in each step of innovation activities.
Enterprises can use the social capital they have to cooperate
with external organizations for innovation, and avoid the
risks in innovation activities by sharing innovation re-
sources, sharing innovative information, and building in-
novation platforms. A knowledge graph is essentially a
knowledge base called a semantic network, that is, a
knowledge base with a directed graph structure, where the
nodes of the graph represent entities or concepts and the
edges of the graph represent the various semantic rela-
tionships between entities/concepts.

5. Analysis of Results

5.1. Performance Analysis of Knowledge Graph. )e experi-
ments in this paper are tested in the same hardware envi-
ronment and the same framework, and the code is modified
in the operating system using the editor, and the model is
tuned and optimized. In this experiment, the hyper-
parameters of the benchmark model are the same as its
original settings, and the hyperparameters set by CAKR
concerning the three datasets are shown in Figure 4. For
different datasets, different embedding dimensions, regu-
larization coefficients, and learning rates of the two tasks are
used, and the datasets used are divided into training, vali-
dation, and test sets in the ratio of 6 : 2:2, and the results are
observed in several experiments. Finally, the average of the
prediction results of the valid experiments is taken to verify
the robustness.

CKE first extracts the semantic representation of each
item from the knowledge graph, text description, and visual
image to jointly learn the implicit vector of collaborative
filtering. Here, since text descriptions and visual images are
not available in the dataset, each item is only represented as
an embedding learned by transfer, but the transfer is more
suitable for applications within mapping tasks rather than
recommendation tasks. )is suggests that the model can
learn user biases accurately when there are enough records

of user behavior and sufficient interaction data available.
However, the quality and size of the dataset affect RippleNet
more, and the experimental results show that the model does
not perform as well as MKR on the book and music datasets.

For the multitask learning framework, the original
modelMKR has the best overall performance compared with
other benchmarks, which proves the effectiveness of the
multitask learning framework and alternate learning; Ripp-
MKR model is a fusion of RippleNet and MKR model, and
by introducing the concept of ripple propagation, MKR
model can dig deeper into the connection between items and
improve the logic of the knowledge graph structure. )e
model structure is more complex and increases the com-
putational cost.

)e model CAKR optimizes the core part of the mul-
titask learning framework, which is not achieved by Ripp-
MKR. )e AUC score improves by 0.8% on the movie
dataset and surpasses RippleNet, which is not achieved by
MKR; it improves by 1.2% on the book dataset and 0.6% on
the music dataset. )e ACC score metric also has some
improvement on the three datasets, as shown in Figure 5.

If the multi-output model has both RNTand TCT layers,
the F1 value is 1.4–5.0% higher than that of the model with
only the RNT layer. Moreover, the recall is relatively higher
by 1.5–9.0%. )us, the TCT layer that generates multiple
sequences of labels for each tuple type (i.e., facts and con-
ditions) plays a very important role in identifying multiple
tuples from statements.

)is is an implicit conditional knowledge graph repre-
sentation learning algorithm that is extremely generalizable
and efficient, and the implicit vectors resulting from rep-
resentation learning can be used for numerous downstream
application tasks and are not limited to the literature search
in this chapter. In this work, a BLS system based on con-
ditional knowledge graph representation learning is pro-
posed, with a core architecture of multi-encoder for
incorporating multilayer conditional knowledge graphs
(multiknowledge) obtained from text structuring, called
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MEMK.MEMK has two core modules corresponding to two
uses of the multiknowledge graph: a query extension module
and a representation learning module. For the query ex-
tensionmodule, MEMKmatches the internal knowledge of a
query with the set of documents to obtain factually relevant
concepts to extend the original query. In the representation
learning module, MEMK models for the four types of
knowledge information are using multiple stacked
transformer encoder layers, as shown in Figure 6.
Market allocation of resources refers to the process of
allocating, combining, redistributing, and recombining
resources in accordance with changes in market demand
and supply caused by price changes in the course of
economic operation. Market allocation of resources is
mainly carried out through price, supply and demand,
competition, etc.

)e research is oriented to the application techniques of
conditional knowledge mapping with strong interpretation
and generalization. )e key points of the study are how to
explicitly portray knowledge matching in conditional
knowledge graphs and how to learn the proposed hierar-
chical conditional knowledge graphs layer by layer and
facilitate the use of the graphs for other downstream tasks.
To address these two key points, we propose a document
search algorithm based on conditional knowledge map
critical path matching, which is highly interpretable and can
match directly at the knowledge level and will give the re-
quired conditional information for matching to the target
factual knowledge. )e literature search algorithm is based
on conditional knowledge graph representation learning,
which based on learning model with strong generalization,
and the resulting implicit vector can be used for any
downstream application tasks and is not limited to the
literature search.

5.2. Analysis of Correlation Analysis Model Test Results.
)e study conducted a descriptive statistical analysis of the
valid sample data, and the results are shown in Figure 7.
From the table of descriptive statistical analysis, the mean
value of innovation performance of the explanatory variable
enterprises is 2.06 and the standard deviation is 1.31.

Since different industry types have different needs for
innovation results, based on the above data, there are sig-
nificant differences in innovation performance among dif-
ferent enterprises. For the explanatory variables, there are
negative values due to standardization during data pro-
cessing. )e mean value of Board Social Capital is 1.170; the
mean value of Board Business Ties is 0.85; the mean value of
Board Political Ties is −0.24; and the mean value of Board
Academic Background is 0.26. It can also be seen from the
table that the minimum value of Board Social Capital is
−3.170 and the maximum value is 10.01, with a standard
deviation of 2.590, which indicates that the social capital of
the board of directors varies significantly among enterprises.
)e standard deviation of the board of directors’ business
ties is 1.550, which indicates that there is a certain degree of
difference in board of directors’ business ties; the standard
deviation of the board of directors’ political ties is 1.440,
which indicates that there is a difference in political ties of
the board of directors among different enterprises; the
standard deviation of the board of directors’ academic
background is 0.260, with a maximum value of 0.710 and a
minimum value of 0. )e value of the board of directors’
academic background is taken to be between 0 and 1.

Among the control variables, the mean value of the
proportion of independent directors is 0.730, the maximum
value is 2.250, the minimum value is 0.25, and the standard
deviation is 0.5; the mean value of the return on assets is
0.040, the maximum value is 0.190, the minimum value is
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-0.110, and the standard deviation is 0.050, which shows that
the enterprises are relatively balanced. )e standard devi-
ation of the gearing ratio is 0.20, the minimum value is 0.050,
and the maximum value is 0.860, with a large extreme
difference, which is influenced by the type of enterprises and
leads to a large difference in the level of indebtedness among
different enterprises; the mean value of enterprise cash flow
is 0.040, and the standard deviation is 0.060, which indicates
that the cash flow is less volatile, and the mean value of
enterprise nature is 0.680, which is greater than 0.5 and
indicates that the non-state-owned enterprises are less
volatile. )e mean value of enterprise nature is 0.680, which
is greater than 0.5, indicating that there are more nonstate
enterprises.

In this paper, to verify the correlation between R&D
investment and technological innovation performance, the
line graph is used to show the two, and the relationship
between them is judged according to their trends. )e line
graphs of total R&D personnel input, input intensity, and
lagged period technological innovation performance from
2015 to 2018 are shown in Figure 8, the total R&D personnel
input and input intensity of JFSTfrom 2015 to 2018 generally
show an increasing trend and the lagged period of the same
period. In 2017, because the total number of employees
increased from 6717 to 7309, which is a large increase, but
the R&D personnel did not show a significant increase, so
there is a decreasing trend of R&D personnel input intensity
in 2017, and because R&D is a long process and the cycle of
the R&D process is long, the R&D personnel’s R&D results
often have a certain lag, and the R&D investment made in
the early stage often has to be delayed for several periods
before it can generate benefits. Only after an enterprise’s
technology stock has accumulated to a certain scale, the
market recognition of its products and its market share will
be qualitatively improved, and the initial R&D investment
will only really create benefits at this time. )erefore, the
upward trend of JFST’s technological innovation perfor-
mance is not affected by the slight decrease in its R&D
personnel investment intensity in 2017. Combined with the
data analysis, the relationship between R&D personnel in-
vestment and technological innovation performance of JFST
shows a positive correlation.

Total R&D capital investment, investment intensity, and
technological innovation performance show a positive
correlation. As JFST keeps increasing the total amount of
R&D capital investment, its technological innovation per-
formance also keeps improving. )is indicates that tech-
nology has obvious output performance for the capital
invested in R&D activities, and the company has high R&D
efficiency and can successfully convert R&D results into
economic benefits.

6. Conclusion

)e complexity of R&D activities makes it impossible for
enterprises to rely solely on their internal resources to carry
out technological innovation activities. Enterprises need to
obtain innovative scientific and technological information
and innovation resources from outside to support their

internal R&D activities. )e social capital owned by en-
terprises reflects their reputation. In today’s market mech-
anism is still being improved, enterprises with a good
reputation can gain favor from government and credit in-
stitutions, obtain policy and financial support, reduce the
occurrence of capital shortage, and enable more capital to be
invested in R&D activities. Social capital plays a part in
mediating the relationship between economic policy un-
certainty and firms’ innovation performance. From the
empirical results, the mediating effect of social capital is
about 0.8%. )e reason is that the accumulation of social
capital is a necessary capital expenditure item for enterprises
to maintain daily operation, and social capital involves more
internal and external social capital, covers a wide range of
areas, occupies more capital of enterprises, and takes a
longer period to generate benefits. )erefore, to avoid the
negative impact of this situation, enterprises tend to reduce
the maintenance cost of social capital and change the
purpose of investment; that is, they prefer to invest in R&D
and innovation activities of enterprises to improve the ef-
ficiency of capital use, improve technological products, and
guarantee the economic expectation of enterprises. To avoid
the negative impact of this situation, firms tend to reduce the
cost of maintaining social capital and change the purpose of
their investments; that is, they prefer to invest in R&D and
innovation activities to improve the efficiency of capital use,
increase the level of technological product innovation, and
ensure the competitiveness of firms through R&D and in-
novation even in times of poor economic expectations.
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