™

Check for
updates

Opportunities, Challenges and Countermeasures of
Generative Artificial Intelligence Enabling
Manufacturing - A Case Study of ChatGPT

Shanyan Nie *, Naiwen Li, Yang Yang

School of Business Administration, Liaoning Technical University, Huludao, Liaoning,
125000, China

*253786922@qq. com

Abstract. The current rapid rise of generative Al has the potential to set off a
new industrial revolution and even trigger disruptive changes in human society.
ChatGPT, as a kind of generative Al, represents a major advancement in the field
of Al, which enables the development of human society to enter into the Industry
4.0 era characterized by interconnectivity, data, integration, innovation, and
transformation.ChatGPT empowers the manufacturing industry has become a
trend. Based on the theory of industrial smile curve, this paper discusses the op-
portunities brought by ChatGPT to the manufacturing industry in terms of the
design of manufacturing processes and production . At the same time, facing the
challenges brought by employees' personal literacy, technical accuracy, data se-
curity and privacy, this paper also puts forward inspiring countermeasures in
terms of personnel, technology, industry and policy.

Keywords: Manufacturing industry, ChatGPT, empowerment, generative artifi-
cial intelligence.

1 INTRODUCTION

As a cutting-edge technology, artificial intelligence has a wide range of applications in
many fields. According to its application function, Al technology can be divided into
two categories: analytic artificial intelligence (Analytic artificial intelligence) and gen-
erative artificial intelligence (Generative Artificial Intelligence)!!! . Analytic artificial
intelligence refers to the analysis and processing of large amounts of data to recognize
patterns in them and make inferences and predictions based on these patterns. Genera-
tive Artificial Intelligence, on the other hand, refers to the use of machine learning
methods to learn the composition and characteristics of objects from existing data and
to generate entirely new and completely original content!? . Generative Al is able to
draw from existing data to produce new and unimagined outputs, opening up new pos-
sibilities across fields®! . As one of the cutting-edge achievements of generative Al,
ChatGPT is rapidly changing the way we communicate, present and create, bringing
new breakthroughs in human language and thinking!®! . In the future, as Al technology
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continues to evolve, the important role it plays in the manufacturing sector will increase
day by day.

Throughout the academic world, the current research on Al technology empowering
the manufacturing industry is mostly in the areas of FDI, manufacturing, financial in-
vestment, and global value chain, and seldom focuses on the impact of Al technology,
such as ChatGPT, on the transformation and upgrading and high-quality development
of manufacturing enterprises. Some scholars believe that in order to achieve the goal of
sustainable high-quality development, enterprises need to maintain a high degree of
sensitivity to their own external environment, accurately grasp the industry and indus-
trial trends, and choose transformation and upgrading at the appropriate time® . Some
scholars believe that transformation is the process of enterprises transforming into dif-
ferent enterprises and different development modes according to their own internal
characteristics (resources, capabilities, etc.)!® . Transformation and upgrading of man-
ufacturing enterprises refers to the process of searching for and determining new eco-
nomic and business development direction of enterprises, so that the value and added
value of products and service value and added value can be significantly improved!” .
Based on the above research, this paper considers that the process of continuous tech-
nological innovation (using ChatGPT technology), continuous enhancement of product
and service value-added, continuous optimization of organizational structure, and con-
tinuous change of management mode of manufacturing enterprises in order to adapt to
the ever-changing policy environment and market environment, and to maintain their
advantages in the market competition is the process of high-quality development and
transformation and upgrading of manufacturing enterprises. That is to say, a series of
artificial intelligence technology represented by ChatGPT has contributed to the devel-
opment of manufacturing industry. Considering the relevant situations in the industry
at home and abroad, the test results of ChatGPT and the test feedback records published
by other peers, this paper systematically considers the opportunities and challenges that
ChatGPT may bring to the manufacturing field, aiming to provide references for future
research and practice in the industry.

2 CHATGPT OPPORTUNITIES FOR THE
MANUFACTURING INDUSTRY

Existing studies have shown that ChatGPT, as a language model-based Al technology,
has core capabilities such as language generation, context learning, world knowledge,
responding to human commands, generalizing unseen tasks, code generation and code
understanding, and complex reasoning using thought chains. These capabilities offer a
wide range of possibilities for the application of ChatGPT at all stages of manufactur-
ing!® . Under the influence of ChatGPT's evolving technological mechanism, traditional
industrial economics has further evolved and developed, of which the smiling curve
theory is a comprehensive embodiment. Smile curve theory refers to the fact that in the
industrial chain, the added value is more reflected at the two ends of the chain, i.e. the
design and sales links, while the manufacturing link in the middle has the lowest added
value. The Smile Curve Theory refers to the fact that in the industrial chain, the added
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value is more reflected at the two ends of the chain, i.e., the design and sales links,
while the manufacturing link in the middle has the lowest added value. Nowadays, in
the integration process of ChatGPT generative technology on traditional product indus-
try chain, we get a new trend: to do a good job on a product nowadays, not only should
we pursue double-killing opportunities at the two ends of the smile curve, i.c., after the
traditional arbitrage growth of policy dividend, labor dividend and urbanization divi-
dend, and transitioning to the growth of Al technological innovation in pursuit of the
benefits at the two ends of the smile curve, we also need to lift up and flatten the smile
curve, and promote the upgrading of the manufacturing industry. To this end, based on
the theory of industrial smile curve, this paper analyzes the empowerment of ChatGPT
in the manufacturing field from the perspectives of manufacturing design and R&D,
manufacturing production, marketing and after-sales, and explores its potential impact
on the manufacturing field®! .

2.1 Enabling Manufacturing Design and R&D

Optimizing Design for Manufacturing. Traditional manufacturing design mostly fol-
lows a linear process: the designer comes up with an idea, creates a prototype, fills in
the details based on the prototype, tests and modifies the prototype, and puts the product
into mass production. Obviously, there are many problems with this design model. Not
only does each step require a large amount of investment, but if problems are found
during the testing phase, a large number of test products may be scrapped, resulting in
serious waste. These problems can be effectively avoided by introducing ChatGPT into
manufacturing design, which can not only quickly generate various design solutions
according to the designer's requirements, but also conduct preliminary evaluation of the
performance of these solutions. In this way, the design time can be drastically shortened
and the possible waste in the design process can be effectively reduced. In industrial
design, innovation and creativity are very important, and although ChatGPT can pro-
vide some inspiration and revelation, it still requires the expertise and judgment of the
designer. By interacting with ChatGPT, you can gain knowledge and information about
manufacturing design and learn about the history, trends, schools of thought, theories
and practices in the field. Not only that, but one can also ask ChatGPT questions about
product design, such as how to create a unique design, match the design with the brand
image, based on which ChatGPT can provide some interesting ideas and new design
possibilities. In addition, the manufacturing industry often needs to optimize the per-
formance of a product in order to iterate a better product. Using ChatGPT it is possible
to analyze historical data and analyze the optimizable points of a product. These opti-
mizations can effectively help companies improve potential problems and risks.

Promoting R&D in the Manufacturing Sector. Research and development of new
technologies in manufacturing is one of the key areas of modern science and engineer-
ing, and the use of ChatGPT can open up tremendous opportunities. For example, in
materials research and development, ChatGPT can help scientists and engineers explore
and discover new materials and combinations. This process requires sifting through a
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large amount of information and data to find information relevant to the desired mate-
rial, and ChatGPT can enable rapid information and data analysis through natural lan-
guage processing technology. The most typical example is chip R&D. ChatGPT can
provide inspiration for chip R&D based on its chain-of-mind reasoning capability. Be-
cause in practice, it may require extremely high costs, combining with multiple solu-
tions, and constant trial and error to create a new generation of chips. And ChatGPT
can not only provide programs and inspiration, but even directly obtain breakthrough
results. Many companies have begun to introduce generative artificial intelligence into
the field of chip development. For example, Google has already applied generative Al
to the process of next-generation TPU design, and NVIDIA is also trying to speed up
its chip design by introducing generative Al

2.2 Enabling Manufacturing Production

Optimizing Production Planning and Scheduling. The combination of ChatGPT
with the manufacturing segment of the industrial chain has led to a significant increase
in the level of data and intelligence in the manufacturing segment, thus raising the status
of the manufacturing segment in the industrial strategy, making it as important as R&D
and marketing, and thus promoting the extension of the value chain of the manufactur-
ing industry to the two ends of the smile curve. Production Planning and Scheduling
Optimization As a crucial part of modern manufacturing production, manufacturing
companies need to identify production bottlenecks and shortages, forecast order quan-
tities and inventory requirements, and provide optimized production plans and solutions
in order to improve productivity and reduce costs. ChatGPT's forecasting and optimi-
zation capabilities provide strong support in this process.

Improving Quality Control and Program Analysis. The analysis of problems and
defects in the production process is a key part of quality control. This has a direct impact
on the quality and efficiency of the product. Therefore, manufacturing companies need
to analyze and interpret production data to find out the factors that lead to product de-
fects. ChatGPT can quickly and accurately answer where the problems lie and suggest
improvement solutions.ChatGPT processes massive amounts of production data, iden-
tifies abnormal data and defects, and then guides companies to optimize and improve
their production processes. Not only that, ChatGPT can also predict the change trend
of product quality and potential problems. For example, it can predict the hardness,
density, surface flatness and other key indexes of a product based on its process param-
eters, raw material characteristics, equipment status, etc. In this way, measures can be
taken beforehand to avoid product defects, which not only helps to improve production
efficiency, reduce costs, and improve customer satisfaction, but also helps manufactur-
ing companies to improve product quality and competitiveness.

Safeguard Equipment Breakdown Maintenance. Equipment fault diagnosis is the
process of determining the type, location, and cause of equipment faults by analyzing
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and processing information such as sensor data, log records, and history of the equip-
ment.ChatGPT can extract useful features from them, identify equipment fault patterns,
and perform prediction and classification. At the same time, prioritizing and classifying
faults according to their characteristics and severity can effectively ensure the efficient
operation of equipment in manufacturing companies. In terms of providing mainte-
nance recommendations, ChatGPT can recommend proper maintenance programs,
such as replacing parts, recalibrating sensors, cleaning equipment, updating software,
etc., by analyzing equipment usage conditions and historical data. What's more, the
huge database not only enables ChatGPT to provide cross-industry maintenance sup-
port covering different types of industrial equipment, but also works in concert with the
industrial Internet, IoT, and remote experts to comprehensively safeguard equipment
operation.

3 CHALLENGES POSED BY CHATGPT TO THE
MANUFACTURING SECTOR.

3.1 Employee Competency Literacy Challenge

While the application of ChatGPT can be effective in improving the efficiency of an
organization and the quality of employees' work, there are also some challenges. Since
ChatGPT is a new technology, some employees may not be familiar or comfortable
with it, which may cause them to feel difficult or uncomfortable when using it. And
generative Al like ChatGPT requires human-machine collaboration, which requires a
high level of personal literacy from employees. When promoting ChatGPT, develop
appropriate application strategies by considering employees' cultural and industry back-
grounds. Roles and responsibilities also need to be considered in the process of using
ChatGPT. Clarify the roles and responsibilities of ChatGPT, as well as the division of
labor and cooperation between employees and ChatGPT. This requires advance training
for employees to clarify their tasks, understand ChatGPT's limitations and capabilities,
and consider sustainability and long-term benefits to determine when ChatGPT's rec-
ommendations need to be validated or corrected.

3.2  Technical Accuracy Challenges

Manufacturing production is a field with low error tolerance, and the application of
ChatGPT models in mass production may pose considerable challenges to companies
and employees. ChatGPT is trained on a large corpus of text data, and the quality and
diversity of the training data can affect the accuracy of ChatGPT generation. While
ChatGPT has been able to handle some conventionalized questions, it often encounters
more complex questions in real-world applications, resulting in less accurate answers.
In some cases, ChatGPT's knowledge of vocabulary and grammar may limit the accu-
racy of the responses it generates. When confronted with complex or specialized ques-
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tions, ChatGPT's responses may still show bias or errors, even though it is largely ac-
curate. Therefore, applications must be manufactured with careful evaluation and con-
sideration of the accuracy and reliability of ChatGPT generation.

3.3  Data Security and Privacy Challenges

The large-scale use of ChatGPT may pose a number of risks and uncertainties, includ-
ing but not limited to issues of data security and leakage of sensitive infor-
mation.ChatGPT has the potential to violate user privacy due to the use of large
amounts of text data required to train the model. This data may contain sensitive user
information, such as personally identifiable information, and is susceptible to unauthor-
ized access or misuse by malicious actors. Furthermore, ChatGPT may employ large-
scale data analysis to analyze user behavior and information, thereby increasing the
potential for misuse of personal information. In the process of using ChatGPT, employ-
ees may disclose personal information, company secrets, or other sensitive information,
while OpenAl, Inc. has made it clear that it is not possible to delete specific user data,
and that please do not disclose any sensitive information in conversations with the bot.
This issue poses a huge challenge to the application of ChatGPT to manufacturing com-
panies. Therefore, when using ChatGPT, it is necessary to take appropriate security
measures to protect the information security of employees and enterprises.

4 IDEAS AND RESPONSES: HOW TO ADDRESS THE
CHALLENGES POSED BY CHATGPT

4.1 Employees Develop Dialectical Thinking and Respond Flexibly to
Opportunities and Challenges

Critical thinking is critical for employees, who need to have the ability to be perceptive,
be critical of ChatGPT's answers, and come up with new solutions to leverage Al tech-
nology to create new business value. Additionally, out-of-the-box thinking is an essen-
tial quality for employees in this field as they need to quickly analyze issues, identify
key points and solve problems. Employees are faced with a lot of mental work on a
daily basis and must remain calm and flexible to adjust their strategies in the midst of
changes and challenges. In order to successfully introduce and utilize ChatGPT, organ-
izations need to consider factors such as training, support, role and responsibility allo-
cation, sustainability and long-term benefits. In this process, it is especially important
to develop multiple qualities of employees, such as technical skills, learning ability,
communication and collaboration skills, problem solving ability and autonomy. The
new generation of employees needs to be equipped with the necessary skills, such as
basic computer operations, programming knowledge and data analysis skills, which can
help them use modern tools more effectively. As organizations continue to introduce
Al technologies such as ChatGPT, employees must have the ability to continuously
learn in order to adapt to constantly updated and evolving technologies and work envi-
ronments. By taking these factors into account, organizations can better respond to the
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opportunities and challenges presented by ChatGPT and improve productivity and em-
ployee efficiency, thereby achieving greater economic and social benefits.

4.2  Emphasize Core Technology Research and Development, and
Grasp the New Opportunities of Generative Al

Currently, China still relies more on technologies from foreign teams in the field of
artificial intelligence, especially training architectures like Transformer. Although
some of the algorithms and architectures have been open-sourced, in the absence of
core technologies, it may be difficult for us to control the constructed models com-
pletely autonomously, which greatly limits the development of our scientific and tech-
nological achievements. Moreover, excessive pursuit of existing algorithms and archi-
tectures may lead us to fall into path dependence, making it difficult for us to develop
independently. In addition, hardware capability is also a major bottleneck for our coun-
try, especially in the development and manufacturing of high-end chips, which are cru-
cial for training mass-generated Al models. Therefore, it is not enough to rely only on
a large amount of capital to build large-scale models similar to ChatGPT. We need to
fundamentally solve the key technical problems of hardware and software, realize
breakthroughs and master core technologies to ensure that China does not fall behind
in the new round of Al competition.

4.3  Leads to Further Transformation of the Manufacturing Industry,
Highly Integrated with Generative Al

Against the backdrop of escalating international trade disputes, the implementation of
technological restrictions, and the restructuring of global supply chains, it is imperative
for China to strengthen its research on key core technologies in the field of industrial
intelligence. With the rise of next-generation information technology driving industrial
transformation, the convergence of artificial intelligence and global manufacturing is
increasingly providing new growth opportunities for China's manufacturing industry.
Historically, China's manufacturing industry has been viewed as "big but not strong" in
the global market. In order to seize future development opportunities, China must fully
understand its own development level, get rid of the label of "factory of the world",
realize the dream of becoming a "manufacturing powerhouse", and climb to the upper
reaches of the global manufacturing value chain. The emergence of the digital economy
has brought new opportunities and requirements for China's industrial modernization.
To seize the opportunities brought by the new technological revolution, China must
accelerate the transformation of its industrial structure, redefine its development goals,
transform the process of industrialization, reconstruct its innovation system, and push
forward the in-depth integration of digitalization and industrial modernization.
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5 CONCLUSION

ChatGPT is a representative application of the new generation of artificial intelligence
and a high-tech windfall for the future of artificial intelligence. The only way to guide
ChatGPT to better serve the real economy and empower manufacturing enterprises is
to fully grasp the technological dividend and make forward-looking layouts.Artificial
intelligence products such as ChatGPT have the potential to become an important part
of the manufacturing industry's infrastructure, bringing new productivity and produc-
tion methods to the manufacturing revolution. The use of generative Al, represented by
ChatGPT, will drive the industry from labor-intensive to technology-intensive and cap-
ital-intensive.ChatGPT can be combined with emerging technologies such as image
processing, sensing, blockchain, and meta-universe to improve the automation of vari-
ous processes, such as research and development, production, quality control, transpor-
tation, and service. With the continuous development of Al technology, ChatGPT may
even play the role of "industrial brain", become the core control center of the entire
manufacturing system, and provide strong support for intelligent and automated pro-
duction in manufacturing. This will profoundly change the traditional industrial model,
triggering a new round of industrial revolution centered on artificial intelligence. At the
same time, the application of ChatGPT will also lead to changes in social relations and
social structure. It will promote industrial upgrading and transformation and high-qual-
ity development by improving production efficiency, reducing costs and improving
product quality, and provide a strong guarantee for sustainable economic development.
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