Proceedings of the 4th International Conference on Business and Policy Studies
DOLI: 10.54254/2754-1169/160/2025.19875

Research on Artificial Intelligence Applications in Global
Supply Chains

%
53y

Shengkun Zhang'

Central South University, No.932 South Lushan Road, Changsha, Hunan, 410083, P.R., China
a. Ipzs964041534@163.com
*corresponding author

Abstract: This research examines the transformative role of artificial intelligence (Al) in
global supply chain management, analysing its applications, benefits, and challenges across
various supply chain functions. Through a comprehensive analysis of current
implementations and industry practices, the study reveals how Al technologies are
revolutionizing supply chain operations through enhanced demand forecasting, inventory
optimization, logistics management, and supplier risk assessment. The research identifies key
success factors in Al implementation while addressing critical challenges including data
privacy concerns, technical integration difficulties, cost barriers, and ethical considerations.
The findings demonstrate that successful Al integration in supply chains requires a balanced
approach combining technological innovation with careful consideration of organizational
readiness, data security, and ethical implications. The study concludes by proposing strategic
recommendations for organizations seeking to leverage Al in their supply chain operations
and highlighting future development directions as Al technology continues to evolve. But the
insights from industry leaders like Amazon and Alibaba may not fully apply to SMEs, which
face unique challenges such as limited resources and technological readiness, highlighting
the need for future research on scalable, cost-effective Al solutions and collaborative
strategies to support their adoption.
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1. Introduction

Global supply chains serve as crucial bridges connecting producers and consumers, with their self-
evident complexity and importance. In today's globalized and digitalized context, the multinational
and multi-layered nature of supply chains makes them increasingly susceptible to market fluctuations,
demand changes, geopolitical factors, and natural disasters [1]. The efficient operation of supply
chains is not only vital for enterprise competitiveness but also crucial for the stable development of
the global economy. Traditional supply chain management methods have proven inadequate in
addressing complexity and uncertainty, providing opportunities for the introduction of emerging
technologies. The rapid development of artificial intelligence (AI) technology has injected new
vitality into global supply chain management. With its exceptional data processing capabilities, real-
time predictive analytics, and intelligent optimization capabilities, Al provides innovative solutions
across various supply chain components [2]. Al is fundamentally transforming supply chain
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operations from demand forecasting to inventory management, logistics optimization to supplier
management, and consumer experience enhancement. Industry giants like Amazon and Alibaba have
significantly improved operational efficiency, reduced costs, and enhanced supply chain flexibility
and responsiveness through Al technology. This study aims to analyse the integration of Al in global
supply chains and provide practical recommendations for organizations adopting Al technologies. To
achieve these objectives, the research employs a mixed-method approach combining systematic
literature review, case study analysis of leading organizations, comparative analysis of Al
technologies, and insights from industry experts. This comprehensive methodology enables both
theoretical understanding and practical guidance for implementing Al in supply chain operations.

2. Overview of Artificial Intelligence and Global Supply Chains
2.1. Definition and Development of Artificial Intelligence

Artificial Intelligence is a branch of computer science dedicated to simulating human intelligence,
including learning, reasoning, perception, and decision-making capabilities. Based on
implementation forms, Al can be classified into three categories: weak Al/ artificial narrow
intelligence (focused on single tasks, such as speech recognition), strong Al/ artificial general
intelligence (capable of performing multiple tasks and mimicking human thinking), and artificial
superintelligence (surpassing human capabilities, currently still theoretical). Current applications
primarily focus on weak Al, relying on core technologies such as machine learning, deep learning,
and natural language processing[2]. Machine learning is a key branch of Al, training algorithms to
learn from data and predict results. Deep learning further utilizes neural networks to simulate complex
cognitive patterns, enabling applications like image recognition and speech processing. Additionally,
natural language processing enables Al to understand and generate human language, supporting
customer service and document processing in supply chains.

Al development has experienced multiple technological breakthroughs. The concept of Al was
introduced in the 1950s; expert systems led development in the 1980s; the advancement of big data
and computational power has driven Al into a rapid development phase in the early 21st century.
Particularly in the supply chain domain, Al combined with real-time data analysis and predictive
modelling has improved decision-making efficiency and enhanced enterprises' ability to handle
uncertainty. For instance, Boston Consulting Group’s research and McKinsey & Company’s report
indicate that companies adopting Al technology have improved inventory management efficiency by
20% and reduced logistics costs by 15% [3][4] The continuous evolution of Al technology, especially
intelligent optimization algorithms and automation technology, has brought unprecedented
opportunities for supply chain management. In the future, as quantum computing and edge computing
technologies converge, Al applications in supply chains will become even more profound.

2.2. Global Supply Chain Overview

Global supply chains refer to the process through which enterprises integrate procurement, production,
transportation, and sales across multiple countries and regions to deliver goods or services to end
consumers. With deepening globalization, supply chain networks have become increasingly complex,
covering multiple countries and regions. Basic supply chain components include procurement (raw
materials or component acquisition), production (converting raw materials into finished products),
logistics (goods transportation and warehousing), distribution (final delivery), and sales (consumer
interaction)[5]. These components interconnect to form a dynamic and complex system. Modern
supply chain management objectives include improving efficiency, reducing costs, and optimizing
resource allocation while enhancing flexibility to respond to market changes. Global supply chains
face numerous challenges, including cost fluctuations such as uncertainty in transportation and raw
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material prices. Risk management is another challenge, as factors like pandemics and geopolitical
issues can disrupt supply chains. Demand uncertainty presents another challenge, as rapidly changing
consumer behaviour makes prediction more difficult. Supplier management has also become crucial,
requiring efficient collaboration to ensure quality and delivery[5]. Against this background, the
demand for intelligence and automation continues to increase. Global leaders like Amazon and
Alibaba have achieved significant results by adopting Al technology to address efficiency and
flexibility issues in supply chains [6]. For example, Amazon's "on-demand production" model and
Alibaba's "Cainiao Network" smart logistics demonstrate technology-driven supply chain innovation
trends, highlighting how future supply chain development relies on continued technological support
and management innovation.

3.  Applications and Advantages of Al in Global Supply Chains
3.1. Demand Forecasting and Inventory Management

Demand forecasting and inventory management are core components of global supply chain
management and key areas for artificial intelligence (Al) applications. Traditional forecasting and
inventory management primarily relied on historical data and experiential judgment, making it
difficult to adapt to complex and changing market environments quickly. Al technology has
significantly improved demand forecasting accuracy and optimized inventory configuration through
deep learning and machine learning methods[5]. Al's data-driven prediction models can analyse
multi-dimensional data in real time, including historical sales data, market trends, consumer
behaviour, and weather changes, to accurately predict demand fluctuations. For example, retail giant
Amazon uses Al technology to predict product demand, combining dynamic pricing with inventory
adjustment strategies to ensure sufficient stock while reducing excess inventory costs.

In inventory management, Al helps enterprises optimize inventory strategies through real-time
monitoring and analysis of inventory levels. Combined with automatic replenishment systems, Al
can issue replenishment orders when predicting shortages, avoiding stockouts. Meanwhile,
businesses can reduce inventory holding costs and free up capital for other investments through
inventory turnover optimization. Al applications in demand forecasting and inventory management
extend beyond prediction and replenishment to help enterprises develop more flexible response
strategies through scenario simulation. This scenario-based modelling is significant for addressing
seasonal demand and sudden events. For example, Al technology helped enterprises readjust their
supply chains during the COVID-19 pandemic to meet constantly changing consumer demands.

3.2. Al Applications in Logistics Optimization

As a crucial component of global supply chains, logistics directly affects the efficiency of goods flow
from production to consumption. Al technology has wide applications in logistics optimization,
covering transportation route planning, warehouse management, resource allocation, and other
aspects, providing unprecedented intelligent support for logistics systems. In transportation route
planning, Al analyses real-time traffic conditions, weather conditions, and transport costs through
algorithms and dynamically adjusting transport routes to ensure goods reach their destination in the
shortest time at the lowest cost. UPS uses Al to optimize its logistics network, combining its "Orion"
algorithm to save approximately “100 million miles and10 million gallons of fuel” annually, reducing
transportation costs[7]. Al can also predict future traffic bottlenecks to avoid potential delays
proactively. Warehouse management is another key area for Al applications. Al-driven warehouse
management systems can monitor inventory distribution in real time, combining robotics technology
to improve the efficiency of goods classification and handling. Environmental conditions in
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warehouses, such as temperature and humidity, can also be monitored in real-time through Al to
ensure product quality.

In resource allocation, Al uses intelligent optimization algorithms to schedule logistics resources
rationally. Taking Amazon as an example, its Al system reasonably allocates transport vehicles and
warehouse space by predicting order volumes, avoiding resource waste. Al application in last-mile
delivery is particularly significant, as is the introduction of drone and autonomous driving
technologies, providing possibilities for further optimization of future logistics systems. Overall, Al
applications in logistics optimization have effectively reduced transportation costs and improved
efficiency while enhancing supply chain response capabilities to sudden situations. As Al technology
combines with the Internet of Things (IoT), logistics systems will become increasingly intelligent and
automated.

3.3. Supplier Management and Risk Assessment

Supplier management and risk assessment are crucial guarantees for stable global supply chain
operations. Traditional supplier management methods often rely on subjective judgment and
historical records, making it challenging to comprehensively evaluate supplier performance and
potential risks. Al technology provides scientific support for supplier management through data
analysis and intelligent assessment. In supplier selection and performance evaluation, Al utilizes
multi-dimensional data (such as price, delivery time, quality records, and financial health) for analysis,
providing a basis for enterprises to select optimal suppliers. IBM uses Al technology to classify and
manage its global suppliers, predicting future supplier performance through machine learning models,
significantly reducing the risk of selecting unqualified suppliers[8]. Risk assessment is a core
challenge in supply chain management, and the introduction of Al has significantly improved the
efficiency and accuracy of this aspect. Al can provide early warnings of potential risks by analysing
external data such as macroeconomic data, geopolitical factors, natural disaster risks, and internal
data such as suppliers' operational conditions and financial statements. During the COVID-19
pandemic, some enterprises monitored the pandemic development in suppliers' regions through Al
technology, adjusting procurement strategies in advance to avoid supply chain disruption.

Al can also achieve dynamic monitoring and rapid response to supply chain interruptions. Through
real-time monitoring of key nodes in the supplier network, Al can identify problems and generate
response plans when supply chain issues arise. This risk management capability helps enterprises
maintain competitive advantages in complex supply chain environments. For example, Boeing uses
Al to build a risk early warning system to ensure supply chain sustainability. Al applications in
supplier management and risk assessment provide enterprises with more precise and comprehensive
decision support, enhancing supply chain risk resistance capabilities.

4. Risks and Challenges in AI Applications

The application of artificial intelligence in global supply chains faces multiple challenges, including
data privacy and security, technical integration and implementation, cost and technical barriers, as
well as ethical and regulatory issues. Al relies on vast amounts of data, but risks of data breaches and
cyber-attacks pose significant threats to corporate reputation and operations, requiring data
encryption, access controls, and compliance with regulations like GDPR to ensure security. The
modular nature of traditional supply chain systems and weak data foundations complicate technical
integration. Companies should strengthen data governance, adopt unified standards, and provide
training to improve employee acceptance of Al. High development costs, hardware demands, and a
shortage of technical talent put small and medium-sized enterprises at a disadvantage in adopting Al.
Collaboration with technology providers and government support can help alleviate these challenges.
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Moreover, issues like algorithm transparency, fairness, and potential bias raise ethical concerns, while
regulatory lag exacerbates risks. Companies must balance technological advancement with ethical
responsibility, promoting fair and transparent Al applications. At the same time, regulatory bodies
should establish robust legal frameworks to ensure Al delivers balanced benefits to all stakeholders
in the supply chain.

5. Recommendations and Future Development Directions

While artificial intelligence (Al) has enormous potential in global supply chains, it also faces
challenges in data privacy, security, and costs. To fully unleash Al's value and overcome related
obstacles, all parties need to work together to promote supply chain intelligence development.
Enterprises should strengthen data governance and technical infrastructure construction, establishing
unified data standards and sharing platforms while ensuring data security and privacy protection.
Through technical training, employee Al usage skills can be enhanced, promoting effective
integration of new technologies. Enterprises should also collaborate with technology providers to
reduce development costs and quickly achieve commercial application of Al technology. Industry
organizations and governments need to play coordinating roles, encouraging enterprise adoption of
Al technology through policy support, tax incentives, and financial subsidies. Furthermore, Al
regulatory frameworks should be accelerated to regulate data usage, algorithmic transparency, and
fairness, avoiding technology abuse and ethical controversies.

In the future, the combination of Al with other technologies will further drive supply chain
transformation. Al combined with blockchain can enhance supply chain transparency, achieving end-
to-end traceability; Al integration with the Internet of Things (IoT) can enable real-time data
collection and dynamic adjustment; quantum computing applications will enhance Al's computational
capabilities, bringing more efficient supply chain optimization solutions. Through multi-party
collaboration and continuous innovation, Al will play an increasingly important role in global supply
chains, creating more excellent value for enterprises and society.

6. Conclusion

Artificial intelligence (Al) is revolutionizing global supply chain management by enhancing
efficiency, flexibility, and resilience across all components, from demand forecasting and inventory
management to logistics optimization and supplier management. Through real-world applications,
such as Amazon’s predictive analytics and Alibaba’s smart logistics, Al has demonstrated its
transformative potential in addressing traditional challenges like uncertainty, inefficiency, and
complex risk scenarios. However, implementing Al is not without obstacles, including issues related
to data privacy, security, cost barriers, and ethical considerations. Overcoming these challenges
requires collaborative efforts among enterprises, technology providers, and regulatory bodies.
Establishing robust data governance frameworks, adopting unified standards, and fostering ethical Al
practices will ensure sustainable and equitable integration of these technologies. Looking ahead, the
convergence of Al with emerging technologies like blockchain, IoT, and quantum computing will
further unlock new possibilities for supply chain innovation. With continued advancements and multi-
stakeholder collaboration, Al is poised to reshape global supply chains, driving greater value creation
for businesses and society.

While the case studies of industry leaders like Amazon and Alibaba provide valuable insights, the
generalizability of these findings to small and medium-sized enterprises (SMEs) remains limited.
SMEs may face different challenges, including resource constraints, lower levels of technological
readiness, and limited access to advanced Al solutions. Future studies should focus on developing
scalable and cost-effective Al solutions tailored for SMEs. Research could explore partnerships
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between SMEs and technology providers, as well as government initiatives to democratize Al

technology adoption.
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