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With the rapid development of science and technology, digital technology has brought the world economy andmanagement into a
new stage. Collaborative design can realize product design process by cross-regional and cross-industry designers and share and
exchange product information through network. With the rapid development of big data and artificial intelligence, knowledge
services have gradually developed into multirole collaborative design activities based on artificial intelligence decision support.
Traditional manufacturing industry has gradually transformed into modern manufacturing service industry after integrating
information technology means such as Internet, communication, computer, and modern management methods. (is article
focuses on artificial intelligence decision support systems and the complex product manufacturing industry. We present a detailed
analysis of how to integrate the knowledge generated by the product life cycle in the era of big data. We calculate the influence
coefficient and sensitivity index of four different industries and propose a metadata architecture to improve the value of products
as a whole. (e findings of the research study imply that a knowledge-based collaborative platform should be designed by the
enterprises and industries and a platform-based construction approach for economical, practical, and reliable production.We also
present a detailed discussion about other factors such as the network cost of symmetric services, raw data and forecast data, and
the number of nodes and the processing complexity.

1. Introduction

-In the 21st century, science and technology are developing
rapidly, especially artificial intelligence and big data tech-
nology due to the digitization of the industries and the
advancement of the Internet, which brings the economy and
management of today’s world into a completely new stage
[1]. (e task of process planning is often accomplished by a
group of experts with different domain knowledge distrib-
uted in different process design departments, because of the
progress in the fields of information technology, especially
the rapid development of computer and communication
technology [2]. In the network environment, according to
specific development resources and constraints, the simu-
lation of interdisciplinary expert cooperation in the devel-
opment of natural attributes with network coordination

functions has always been a hot issue in the field of me-
chanical design and manufacturing [3]. Collaborative design
based on artificial intelligence decision support system
enables the product design process to be coordinated by
designers across regions and industries and to share and
exchange product information through the network [4],
thereby achieving the purpose of improving design capa-
bility, reducing product development costs, and shortening
product development time.

(e manufacturing industry plays an important role in
promoting the development of the national economy,
meeting basic needs, absorbing the employed population,
expanding foreign trade, and promoting technological in-
novation [5]. After the integration of the Internet, com-
munications, computers and other information-based
means and modern management methods, the traditional
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manufacturing industry has gradually transformed into a
modern manufacturing service industry. (e manufacturing
method has gradually evolved from large-scale production
line to personalized, customized, and digital [6]. Artificial
intelligence and big data knowledge services are gradually
becoming a new service growth point in the manufacturing
sector. China’s manufacturing industry’s industrial structure
level, innovation capability, overall quality, and competi-
tiveness are obviously behind the developed countries and
are at the low end of the global value chain [7]. Service
industry will be the great potential of future economic
growth, and the trend of replacing traditional technology
service mode with high-tech and practical public informa-
tion knowledge as the main content of technical services is
becoming more and more obvious [8]. With the rapid de-
velopment of big data and manufacturing industry,
knowledge services have gradually developed into multirole
collaborative design activities. From the total amount of
resources and energy, the per capita share of resources in
China is far below the world average, and the environmental
carrying capacity is weak [9]. According to the requirement
of product manufacturing process design, it is of great
theoretical value and practical significance to explore the
mode and application method of distributed manufacturing
process collaborative design.

With the development of communication technology,
the coverage of computer network is expanding constantly,
the transmission rate of network is increasing continuously,
and the application of network is also developing contin-
uously [10]. (e transformation to a new technology service
mode has become an important strategic component of
manufacturing industry [11]. It is not only the potential
value of manufacturing industry, but also the powerful pillar
of technological innovation and enterprise value added. (e
implementation technology of collaborative product de-
velopment process management system in networked
manufacturing environment is presented [12]. But they have
not applied the modeling and management model to the
field of product manufacturing process design. (ere are
significant gaps between China’s manufacturing enterprises
in terms of independent innovation capability, resource
utilization rate, and quality and other technical capabilities
compared with developed countries [13]. Stepping out of the
constraints of traditional manufacturing technology service
thinking, the technical service model will be transferred to a
more convenient and superior network environment, giving
full play to the enormous intangible value of knowledge
management theory [14]. It is the inevitable way out for the
development of manufacturing technology services. (is
article analyzes artificial intelligence decision support sys-
tems and focuses on the complex product manufacturing
industry and the integration of the knowledge generated by
the product life cycle in the era of big data. (e analysis and
application of the knowledge big data formed after inte-
gration is taken into account, and the impact of product life
cycle on resource consumption and environment is con-
sidered in the design stage. (e aim is to help design and
develop complex product lifecycle design, big data inte-
gration, and application systems.

2. Materials and Methods

Artificial intelligence (AI) has the ability to provide au-
tonomy and flexibility in a dynamic and multistandard
decision-making environment. Artificial intelligence enables
organizations and researchers to make intelligent decisions
because its integration with operations research will enhance
the capabilities of DSS. Manufacturing design collaborative
and application of knowledge based on artificial intelligence
decision support will play a huge role in promoting the
development of the industry.

(rough the big data network environment, the
knowledge service life cycle process can provide all kinds of
knowledge service activities such as access, on-demand use
and payment, security and credibility, and green quality.
(ere are four streams that determine the diffusion process
of the extension manufacturing capability unit, that is, re-
source flow, knowledge flow, capability flow, and quality
flow. (e combination of these four streams enables
large engineering equipment manufacturing systems to
emerge in a short period of time with rapid expansion of
manufacturing capabilities. Figure 1 is a model of an ex-
tension manufacturing capability unit.

Taking the design of mechanical products as an example,
it is necessary to consider the design process in parallel, in a
comprehensive manner from the aspects of product func-
tion, appearance, processing technology, production cost,
market demand, quality control, and reusability. Passive
technology services proactively seek help from technology
providers when products or technology users encounter
problems during the product lifecycle [15]. In the design
process of the product, it involves the knowledge or expertise
of the fields related to the product and also involves the
comprehensive processing and utilization of these multi-
domain knowledge, experience, and data. Small and
microenterprises in manufacturing have more difficulties in
transforming scientific and technological achievements into
applicability [1]. (e results of cooperation are often difficult
to determine, and the interests of all parties involved in
cooperation are difficult to be guaranteed. Supported by
effective network, it realizes efficient collaborative design,
improves design quality, and shortens product development
and manufacturing cycle. An important issue of collabo-
rative management of manufacturing large data knowledge
service system is to make in-depth analysis of the large data
contained in manufacturing industry. After sorting out the
original input-output tables, the input-output tables of
departments are compiled. According to this classification
and the calculation formula of the influence coefficient and
the stress coefficient, the influence coefficient and the sen-
sitivity coefficient of the four industries can be obtained, as
shown in Table 1.

(e base platform provides an open technical archi-
tecture, including authentication services, log services,
data services, workflow services, reporting services, and
customized services [16]. An intelligent Web digital image
information retrieval platform using dynamic XML
documents to support intelligent image retrieval is
proposed.
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In engineering design, not only rich professional
knowledge and design basic data but also the practical ex-
perience of experts is needed. (rough the analysis and
prediction of data, the traditional way of relying on intuition,
fuzzy judgment, etc., will gradually be replaced. At the
macrolevel, research on technological capabilities focuses on
the main players in developing countries. (e main research
focus is to make these countries introduce technology from
developed countries. Learning, absorbing, and digesting the
advanced technology introduced into it transforms it into
the technological capabilities of its own country. (e de-
velopment of the product life cycle is inseparable from
synergy [17]. After the discussion of the various process
system solutions is reached, the process plan verification
module is submitted to the program for confirmation. After
the scheme is confirmed, the boundary constraints discussed
by each systemwill come into effect, and each process system
will formulate its own process specifications according to the
constraints. Design is an innovative and a knowledge-based
computing process. It requires not only knowledge and
expertise in different fields, but also an effective mechanism
for synthesizing and coordinating these expertise.

To improve the value of products as a whole, new
product development of enterprises must pay attention to
the importance of teamwork. With the help of the basic
platform, the existing application systems and resources can
be integrated, so that product-related personnel can access
the required product data at anytime and anywhere. Since
the application of computer and information technology in
molecular biology research, tens of thousands of data
sources have been generated in a short time. Storage
structure is designed by considering the mapping rela-
tionship between XML documents. Metadata architecture is
shown in Figure 2.

(e essence of managing a company from a strategic
perspective is to attach importance to the reserve of tech-
nological capabilities. (e most critical resource and wealth
of an enterprise is its ability. (e competition for new
knowledge based on knowledge will inevitably require the
birth of new design methods and means to achieve com-
puter-aided design in the true sense, rather than just
replacing the drawing board with a computer [18]. (e real
resources within the enterprise are the controllable resources

of the enterprise, but the large amount of virtual resources
within the enterprise is uncontrollable, such as employees’
intellectual resources, technical resources, and related re-
sources. Extenics has made a general expansion of the
definition of resources. It believes that all sources of force
that can exert an effort on an organization can be called
resources of the organization. (e random consistency ratio
data is shown in Table 2.

(ere are n indicators for evaluating the independent
innovation capability of enterprises. Based on this part of the
indicators, the independent innovation capability of en-
terprises is quantitatively divided into T grades, which are
described as the following quantitative comprehensive
evaluation matter-element models:
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n

i�1
Max
1≤j≤m

gij(T) . (1)

(e matter-element model formed by the comprehen-
sive evaluation of the independent innovation ability and the
allowable value range of each indicator is called the domain
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(eproposed big data knowledge service model provides
new solutions, ideas, and ways to solve the problem of in-
tegration of big data andmanufacturing. Proactively provide
technical support or guidance to product users, and the
technical service process is mainly based on the reuse of
technical service knowledge. A complex manufacturing
process can often be broken down into several parts
according to the type of process, which is consistent with the
characteristics of discrete manufacturing in actual pro-
cessing [16]. (e new WEB information publishing
framework based on XML is more adapted to the devel-
opment of information society, which makes the site obtain
very flexible extensibility. Secondly, it helps website builders
to reduce labor costs. For online computing and e-mail
service software, users must also set its operating parameters.
(ey are related to the interface design of software input
parameters and the correct operation of software. With the
increasing complexity of the system, the cost of operation
and maintenance of Web applications requires higher and
higher ability of operation and maintenance personnel.

(e main asset of knowledgeable and skillful knowledge
is intangible assets. (e development of enterprises depends
on the importance and investment of intangible assets. How
can low-tech enterprises become their own technological
capabilities by introducing advanced technological knowl-
edge and learning, absorbing, and digesting it, and ulti-
mately transforming it into their own independent

Resource flow Knowledge flow

Capacity flow Quality flow

Figure 1: Extension manufacturing capability unit model.

Table 1: Industry influence coefficient and sensitivity index.

Industry type Influence Sensitivity
Industry 4.569 15.212
Agriculture 12.756 18.369
Service industry 7.372 9.322
High-tech industry 8.644 11.374
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innovation capabilities? Technological progress is an im-
portant way to change the appearance of enterprise pro-
duction and provide economic benefits. Service centers are
connected with many related resources to form resources in
the repository for use. According to the project require-
ments, the resources are optimized. (e project is passed to
the relevant resource provider, and the resource provider
completes the related service. When all systems complete
their respective process design tasks in accordance with the
constraints, a complete manufacturing process specification
is formed. (e specification is finally a formal process
through auditing and verification. A knowledge-based col-
laborative design platform should be an ideal choice, and a
platform-based construction approach is economical,
practical, and reliable.

3. Result Analysis and Discussion

After establishing the index system of venture capital in
target industry, the analytic hierarchy process (AHP) can be
used to evaluate the project risk comprehensively. Com-
paring the same grade index, according to the relative im-
portance of the index, the scale score is given. (e weight
judgment matrix is constructed. According to the sample
data, the weights and evaluation values are obtained.

Due to the proliferation of data from different systems,
devices, and applications, it is becoming more and more
difficult to collect, analyze, and interpret these data in a short
time based on traditional data processing software. Most of the
information interaction work is in the data transfer interface
module. Here, we must complete the organization and
transmission of various process data. It mainly uses various

input and output commands defined by the program call
interface to realize the acquisition and expression of process
data [19]. More and more companies are analyzing and ap-
plying the large amount of data generated by enterprises,
gaining competitive advantages and making them invincible in
an increasingly fierce market environment. In the process of
collaborative design, in order to coordinate the work of each
system, the information symmetry between the systems should
be maintained, that is, the information synchronization be-
tween the systems is maintained. Applied research mostly uses
applied economic methods, theories, models, and statistical
analysis tools. (e evaluation index system of competitiveness
is constructed, and the performance of enterprise competi-
tiveness is evaluated and analyzed through empirical analysis.
Technological providers can save costs and also gain benefits. In
addition, the system itself has also been updated with technical
service information or knowledge.

Considering the symmetrical demand for large data,
when the relative bandwidth demand for network capacity is
relatively large, the symmetrical traffic demand will be tree-
shaped. When traffic demand is lower, the total cost of
calculation increases linearly because of different traffic
demands, routing has not changed, it is a kind of tree
routing, and only the reserved bandwidth of each link is
changed. (e corresponding parameters for different busi-
ness items are shown in Table 3.

A node with a large compactness may not have a large
degree value, but it plays a very important role in data
transmission.(e degree of some nodes is not very large, but
their parameters are relatively large. It reflects the core
degree of these nodes in the network. If these nodes are
deliberately attacked, the whole network may be paralyzed.

SemanticsDS

PK SDS

PK IID

Spatial information DS

PK SPIDS

Colorinformation DS

PK CIDS

Metadata information DS

PK MIDS

Shape infromation DS

PK SIDS

Texture nformation DS
PK TIDS

E-catalog image

Object
PK OID
PF IID

PF MIDS
PF SIDS
PF TIDS
PF CIDS
PF SPIDS

PF SDS

Figure 2: Metadata architecture.

Table 2: Random consistency ratio data.

n 1 2 3 4 5 6 7
Random consistency ratio 0.21 0.31 0.68 0.79 1.02 1.57 1.36
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For example, Table 4 shows the data between nodes,
tightness, and parameters.

Any enterprise that faces huge user data needs to find
data that suits its own development characteristics. Get real
feedback from users to ensure that the company has good
economic benefits. Each communication circuit set must
pass as few communication nodes as possible in order to
increase the compactness of the topology.

(e strategic implication of industrial big data is not how
much data the enterprise has, but how to analyze, interpret,
and apply the data and professional processing to achieve
value-added data. After the configuration is completed, the
data analysis is run. (e number of information nodes used
in each analysis is different, and the corresponding pro-
cessing time is also different. Table 5 shows the number of
nodes and processing time for each analysis.

When the display format is important, we can specify
how to display the data. Finding the optimal solution set
makes each objective function as large or small as possible.
In the actual application process, the algorithm is as follows:

ki � Ai exp
−ΔEi

RT
 . (4)

When we need to establish a database connection in your
program, we only need to take one from the memory instead
of rebuilding a connection. Discuss this issue, and the
mutual formula is as follows:

qf � −
dp − Rf

dx
. (5)

If the linear system should be processed well, then the
minimized problem can be handled in the followingmethod:

Dr(p) �
D(p)

min PA, PB( 
,

RA(p) �
min AA, AB( 

max AA, AB( 
.

(6)

(is algorithm can choose the adaptive nearest neighbor
algorithm:

Cost Pi(  � 
e∈Pi

C(e). (7)

In the implementation, modules with strong cohesive-
ness and low coupling with other tasks can be separated to
form a collaborative task. Doing so reduces boundary
constraints and makes it easier to start the next phase of the
task. Since the parallel design of concurrent engineering is
divided into intergroup and intragroup collaboration, the
work of members in the group is closely linked, and the
coordination is generally required to be synchronized. (e

design work between groups may take some time to col-
laborate, so the collaboration can be done asynchronously.
Core competencies can have an important impact on the
customer value of the final product and service. It can bring
the core benefits of the customer’s attention, not just the
short-term general benefits [20]. In the process of project
execution, workflow provides process monitoring tools to
facilitate managers at all levels to understand the progress
and status of work.(is can relatively reduce the difficulty of
the task and speed up the completion of the task. (e
concurrent engineering oriented collaborative design system
should provide enough facilities to form a collaborative
environment. It enables collaborative participants to use
facilities in the environment to describe collaborative re-
quirements. (e system is customized so that the system has
the collaborative support facilities needed by users.

(e selected indicators should cover as much as possible
the content of the evaluation, which can fully reflect all
aspects of the enterprise’s independent innovation capa-
bility, and have good representativeness. Similarly, the
correlation value of each grade index can be obtained, as
shown in Table 6.

In a network with h nodes, the sum of the distances of
nodes to other nodes is generally not lower than h−1, and
then, the normalized compactness index Ph is defined as

Ph �


h
i�1 σ

2
i


m
i�1 σ

2
i

. (8)

A data point is defined as the minimum of the distance
from point k to any point with a higher local density point:

Uij �
Hij

�������
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 , i � 1, . . . , n, j � 1, . . . , k. (9)

Update the speed and position according to the fol-
lowing formula:

Ki �
t∗ sqrt(Ne) + α

L + β
. (10)

(e inertia weight still decreases linearly with the in-
crease of the number of iterations, which effectively im-
proves the search accuracy and convergence ability. (e
update formula is as follows:

Table 4: Data between nodes, tightness, and parameters.

Node degree Tightness Node parameter
Node degree 1 0.86 0.42
Tightness 0.68 1 0.67
Node parameter 0.74 0.69 1

Table 5: Number of nodes and processing time.

Cycle Number of nodes Processing time
1 33500 1800
2 34700 2400
3 38900 3600
4 39200 3700

Table 3: Network cost of symmetric services.

Business type 1 2 3 4 5
TDR 25.007 34.386 26.842 18.556 25.007
Single domain 36.318 35.278 23.876 22.374 26.316
Hybrid 21.505 43.609 15.619 25.824 31.504
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Q uij  � 
n

i�1
Max
1≤j≤m

gij(T) . (11)

(e collaborative technology service module mainly
realizes the instant assignment and supervision feedback of
the expert group technical service coordination, enterprise-
level technical service coordination, and technical service
tasks. It can be done centrally by an experienced team, and
the task tends to end when it starts. Because the data center
network is relatively closed and the management is relatively
concentrated, it is subject to different performance re-
quirements in the actual deployment process and presents a
situation in which multiple network forms coexist. Meet the
premise of cointegration test. Test for long-term equilibrium
relationships between related variables. (e test results are
shown in Table 7.

Effective computer support for collaborative work does
not necessarily require very detailed and accurate modeling
of the actual work context. (e behavior of the collaborative
system should be customized by the user tomeet the needs of
openness and flexibility. (e core competitiveness is the
unique ability that the company has formed in the course of
its operations that is not easily emulated by competitors and
can bring excess profits. In the implementation of the
workflow, the enterprise’s personalized process require-
ments are also considered, and the process control logic is
extended to better meet the flexibility of the process defi-
nition.(emanagement functionmodule is mainly used as a
module for platform management and maintenance, which
implements user management, data management, resource
management, business management, and other extended
functions [21]. In order to ensure the synchronization of
information and smooth information and enhance the
maintainability of the integrated system, a message man-
agement module is established and implemented by COM
technology. With the rapid development of computer net-
work technology and the deepening of concurrent engi-
neering theory and practice, the integration of concurrent
engineering and computer-supported collaborative work
will be one of the effective means for the implementation of
concurrent engineering, and it is also an inevitable trend for
the research and development of concurrent engineering
theory. When using big data, we should not only pay at-
tention to internal data, but also to external data. (rough
the accumulation of knowledge learning and technological
capabilities, enterprises can develop their own core com-
petencies through market competition.

4. Conclusions

With the rapid development of economic globalization and
big data technology, product manufacturing process will
become a very complex and data-intensive process. Effective
integration of product design, manufacturing, supply, in-
ventory, sales, and management decision-making is needed.
Technical service platform is the aggregation of technical
resources, which integrates various technical knowledge
information, human resources, and technical business re-
sources. Computer collaborative design is an interdisci-
plinary subject which combines the collaborative theory of
computer science with mechanical design. It involves a wide
range of knowledge fields. (ere are many fields in
manufacturing industry. According to their fields,
manufacturing enterprises have different industry charac-
teristics and enterprise characteristics. No theoretical ap-
proach can be applied to the innovation activities of all
manufacturing companies. A resource management module
needs to be established to rationally plan these decentralized
heterogeneous resources. System process messages, or
asynchronous messages, are used to implement real-time
communication for each user in a collaborative system. (e
advantage of the public database approach based on the
unified product model is that information can be shared
smoothly and in real time between functions. Knowledge big
data formed through knowledge integration makes the
knowledge in the enterprise knowledge base rich and perfect.
Help companies better use the value of knowledge big data.
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