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Abstract. In the current era of frequent global disruptions, factors such as the COVID-19 pandemic
and geopolitical uncertainties have significantly exacerbated the vulnerability of supply chain
systems, prompting companies to urgently seek systematic means to improve operational efficiency.
Supply chain digitalization has thus become a core strategic option, which is not only about
technological upgrading but also reflects a profound restructuring of the overall operational structure.
This paper explores how digitalization can drive efficiency improvements through three key pathways:
data integration and visualization, process automation and intelligence, and the construction of
cross-entity collaboration platforms. Based on a review of existing theories and empirical findings,
the paper provides a comprehensive interpretation of practices in different industries, with a
particular focus on Walmart's digital transformation experience. Research indicates that supply chain
digitalization can significantly shorten delivery cycles, improve inventory turnover rates, and enhance
customer satisfaction. Its underlying mechanism lies in strengthening the flexibility, transparency,
and resilience of the supply chain. However, digitalization practices also face challenges such as
insufficient organizational adaptability, the absence of data governance systems, and limitations in
scaling up. Based on this, this paper proposes optimization strategies tailored to different enterprise
scales, emphasizing the importance of human capital development and the construction of a secure
collaborative ecosystem. Overall, supply chain digitalization is not simply the application of
technology, but a comprehensive transformation of technology, organization, and governance.
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1. Introduction

The global supply chain is currently facing unprecedented challenges: frequent fluctuations in
demand, rising logistics costs, and disruptions caused by “black swan” events, all of which place
extremely high demands on the operational efficiency of enterprises. In this context, digitalization
has gradually been recognized as a key strategic lever, with the function of transforming traditional
fragmented and passive supply chain systems into highly integrated, transparent, and resilient
networks. The term digital supply chain refers to the use of advanced digital technologies—including
cloud platforms, Internet of Things (IoT) devices, artificial intelligence (Al), and blockchain—to
achieve real-time data flow, predictive analytics, and cross-entity coordination [1].

The importance of digitalization lies in its ability to address the efficiency bottlenecks inherent
in traditional models. Empirical research has confirmed that digitalization helps shorten order cycles,
improve inventory turnover rates, and enhance delivery accuracy. For example, Salamah et al. used
structural equation modeling to demonstrate that digitalization significantly improves corporate
performance through supply chain integration and efficiency enhancements [2]. Additionally, a
regression study based on Indonesian firms found that digitalization practices have a positive impact
on operational performance, although its effect on revenue growth is more complex.

However, existing research still has limitations. Most studies often focus on single technologies
(such as IoT or blockchain) and lack a systematic analysis of the mechanisms through which
digitalization enhances efficiency. Some scholars pointed out that the mediating role of supply chain
flexibility and coordination mechanisms has long been overlooked, and these are precisely the critical
links through which digital tools are transformed into operational performance [3]. Related reviews
also emphasize that existing literature has not sufficiently integrated the perspectives of technology,
organization, and strategy, and lacks a comprehensive analytical framework.
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This paper aims to address these shortcomings by examining the mechanisms and practices of
supply chain digitalization from three dimensions: data integration and visualization, process
automation and intelligence, and cross-subject coordination. Through literature review, comparative
data analysis, and a case study of Walmart, this paper seeks to make contributions at both the
theoretical and empirical levels. In summary, supply chain digitalization presents both opportunities
and challenges. It can provide a clear path to efficiency and resilience, but its successful
implementation requires the establishment of coordination mechanisms between technology,
processes, and organizational structures. The following sections will discuss these three paths in turn,
combine them with Walmart's experience for empirical analysis, and propose optimization strategies
and future prospects.

2. Core Pathways of Supply Chain Digitization

2.1. Data Integration and Visualization

Among the many mechanisms through which digitalization improves efficiency, the most
fundamental pathway is to achieve real-time control over the entire supply chain through data
integration and visualization. Digital technologies, especially enterprise resource planning (ERP)
systems and IoT sensors, can provide a breakthrough in this area by establishing a digital network
covering the entire chain. ERP systems unify data from procurement, inventory, and sales on an
integrated platform, while IoT devices capture information on warehouse conditions, production
status, and transportation in real time.

Empirical results have shown that data integration and visualization can significantly improve
operational efficiency. Some scholars found that digital supply chains improved planning accuracy
and reduced costs through real-time information access [4]. Some scholars further demonstrated that
IoT-based monitoring systems enhanced production visibility, reduced downtime, and optimized
capacity utilization [5]. The introduction of dynamic dashboards and visualization tools enables
managers to quickly identify bottlenecks, optimize resource allocation, and implement proactive
interventions before potential disruptions escalate.

The smart workshop practice in manufacturing is particularly representative. The combination of
IoT and electronic kanban systems enables enterprises to synchronize production and demand in near
real time, thereby reducing stockouts and lowering inventory holding costs. It is evident that data
integration and visualization are not only the foundation for improving efficiency but also the key
mechanism for transforming raw data into actionable insights.

2.2. Process Automation and Intelligence

After data visualization provides global transparency, another core function of digitalization lies
in the automation and intelligence of processes. In traditional supply chains, a significant portion of
operational tasks rely on manual processing, such as order entry, invoice review, and quality
inspection. This not only consumes substantial human and time resources but also introduces risks of
delays and human errors in the process. With the introduction of technologies such as Robotic Process
Automation (RPA), artificial intelligence-driven predictive analytics, and machine learning, the
operational model of supply chains is being profoundly transformed [6].

Related research indicates that by leveraging Al-driven predictive models and automated
processes, companies have achieved significant improvements in order fulfillment accuracy, delivery
cycle reduction, and error rate reduction. Some scholars found that companies using Al predictive
tools and automated workflows achieved statistically significant improvements in order fulfillment
accuracy and cycle reduction [2]. Additionally, regression analysis of Southeast Asian companies
shows that digital practices can effectively shorten procurement cycles and improve delivery
performance. Notably, Al-driven demand forecasting can reduce forecasting errors by approximately
30%, leading to more precise procurement planning, significant reduction in inventory redundancy,
and optimization of the overall supply chain cost structure.
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The significance of automation and intelligence lies not only in efficiency improvements but also
in a paradigm shift in operational models. Machine learning algorithms can autonomously adjust in
real-time based on data, such as predicting equipment failures and triggering preventive maintenance
to minimize downtime and production losses. RPA can replace manual labor in repetitive
administrative tasks like contract verification and order archiving, freeing human resources to focus
on more strategic work.

2.3. Cross-Entity Collaboration Platforms

In the multidimensional path of digital transformation, in addition to data visualization and
process intelligence, the construction of cross-subject collaboration platforms undoubtedly
constitutes the third key pillar. Traditional supply chains are often constrained by information
asymmetry and trust deficits, resulting in friction and inefficiency in collaboration between suppliers,
manufacturers, and distributors. The emergence of digital platforms, especially those based on cloud
computing and blockchain technology, provides both institutional and technical solutions to this
structural dilemma.

Research indicates that blockchain-based traceability systems can significantly reduce redundant
confirmation processes and lower friction in cross-organizational transactions by establishing an
immutable trust mechanism. Some scholars found that blockchain traceability mechanisms, by
enabling multiple parties to share verified data, can effectively reduce disputes and delays caused by
information transmission errors, thereby enhancing the stability of supply chain operations at the
institutional level [7]. At the same time, the application of smart contracts enables automated
compliance review and payment settlement, greatly reducing the cost and risk of cross-organizational
transactions and injecting unprecedented efficiency into supply chain collaboration.

On the other hand, cloud-based collaboration platforms have played a key role in promoting the
participation of small and medium-sized enterprises (SMEs). Through the software-as-a-service
(SaaS) model, SMEs can enter the digital ecosystem with low capital investment, thereby breaking
through the constraints of scale and resources. Cross-entity collaboration platforms can effectively
shorten supply chain response cycles, enabling suppliers to adjust production plans and inventory
levels in advance based on shared demand forecasts and logistics data [8]. This proactive adjustment
based on transparent information flows not only reduces coordination costs but also enhances the
resilience and predictability of the supply chain at the system level.

3. Case Study: Walmart’s Supply Chain Digitization

3.1. Walmart’s Digitization Strategy Overview

As the world's largest retailer, Walmart's practices in supply chain digital transformation provide
a typical case study for observing the effectiveness of digitalization. Faced with a vast and complex
supply system—covering thousands of suppliers, millions of inventory units, and highly volatile
consumer demand—Walmart has continued to increase its investment in advanced technologies,
focusing its strategy on three pillars: big data analysis, [oT applications, and blockchain traceability.

First, big data analysis is the core component of Walmart's strategy. By conducting in-depth
analysis of massive amounts of consumer data from its global stores, Walmart can accurately predict
demand fluctuations and optimize procurement and distribution plans. Empirical results show that
this model has significantly improved category planning, reduced stockouts, and enhanced customer
satisfaction. Second, IoT sensors are embedded in warehousing and transportation processes to
monitor product status in real time, playing a crucial role in ensuring the quality of perishable goods.
Third, Walmart has partnered with IBM to build a blockchain-based food traceability system,
enabling it to trace the origin of fresh products within seconds, compared to the days required by
traditional systems. This has achieved a qualitative leap in transparency and response speed. This not
only enhances operational flexibility but also strengthens consumer trust in the brand.
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3.2. Pathway-Based Analysis and Performance Data

Walmart's digital practices can be clearly mapped to the three core paths outlined in this paper,
and empirical data demonstrates the multidimensional improvements in efficiency.

In terms of data integration and visualization, Walmart leverages the Retail Link system and
advanced ERP platforms to integrate supplier, inventory, and sales data into a centralized hub,
establishing a fully visualized supply chain system. This system not only provides Walmart with real-
time monitoring of global demand signals but also opens key data to its suppliers, enabling
collaborative decision-making. Case studies indicate that such integration significantly improves
forecast accuracy and reduces excess inventory, resulting in a 17% increase in delivery efficiency and
a notable improvement in customer satisfaction due to enhanced product availability. This
demonstrates that Walmart has optimized supply-demand matching at its core through a data-driven
transparency mechanism.

In terms of process automation and intelligence, Walmart has made large-scale investments in
predictive analytics models and automated warehouse operations. Artificial intelligence-powered
predictive algorithms dynamically optimize replenishment cycles, while robotic systems achieve
precision and efficiency in warehouse picking and packaging. The findings align closely with
Walmart's practices, both indicating that automation can shorten procurement cycles and reduce error
rates [2]. Walmart's operational data also confirms that digitizing repetitive operations has effectively
compressed procurement cycles and significantly improved order accuracy. More importantly, this
automation model not only improves current efficiency but also ensures that the company can
maintain stable and scalable operations even in situations of rapid growth in transaction volume.

In terms of cross-entity collaboration platforms, Walmart's blockchain and cloud platform
strategy demonstrates a high degree of foresight. Through the immutability of blockchain ledgers,
Walmart has established a trusted data-sharing mechanism with suppliers, significantly reducing the
time required for compliance verification. Suppliers can also proactively respond based on real-time
shared demand signals, reducing the risk of stockouts and excess inventory. This cross-organizational
transparency and collaboration not only improve efficiency at the technical level but also strengthens
supply chain partnerships at the institutional level, forming a sustainable structure of trust and
cooperation.

Overall, Walmart's digitalization path is not isolated but has formed a mutually reinforcing
systemic mechanism. Data integration lays the foundation for intelligent prediction and automated
operations, and the results of intelligence are shared across the supply chain network through a
collaborative platform, thereby achieving continuous optimization of overall efficiency. This three-
dimensional coupling mechanism explains why Walmart is able to maintain outstanding operational
performance in the world's most complex supply chain environment.

4. Optimization Strategies and Future Trends

4.1. Phased Implementation by Enterprise Scale

There is no one-size-fits-all model for successful digital transformation. Enterprises of different
scales and with different resource endowments should adopt differentiated and phased
implementation paths. For SMEs, cloud-based lightweight SaaS platforms constitute the most
feasible entry point. Such platforms require no significant upfront investment but can provide
enterprises with real-time visualization and collaboration capabilities.

The practice of Indonesian companies from 2016 to 2019 shows that SMEs that adopted SaaS
systems achieved quantifiable improvements in inventory turnover and order cycle times, even with
limited IT budgets. This shows that lightweight platforms provide a low-threshold path for resource-
constrained companies to enter the digital ecosystem.

For large enterprises, the best practice for digitalization is the pilot-scale-up model. Some
scholars found that piloting initiatives in specific product lines or process segments can effectively
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reduce the risks of institutional redundancy and resource waste [9]. By testing outcomes on a small
scale and adjusting governance structures, large enterprises can gradually accumulate experience and
organizational capabilities before scaling up to the entire supply chain. This incremental strategy
minimizes uncertainty while ensuring that the institutional and technological foundations for large-
scale implementation are more robust.

4.2. Strengthening Human Capital and Organizational Adaptation

Although the technological foundation for supply chain digitalization has become increasingly
mature, its efficiency potential cannot be fully realized without corresponding human capital and
organizational mechanisms. Existing research has repeatedly emphasized that the gap between
technological capabilities and institutional readiness is a key bottleneck constraining the effectiveness
of digitalization [6]. If companies remain focused solely on technological deployment while
neglecting organizational culture and human capital development, the expected benefits of digital
transformation are often weakened.

Therefore, companies must increase their investment in multi-level training. At the operational
level, employees should be familiar with loT dashboards, automated order systems, and Al-driven
analytical tools to ensure that daily operations can be smoothly integrated with digital platforms. At
the management level, training should focus on strategic interpretation and decision-making
capabilities to enable managers to embed technological achievements into corporate development
strategies. Additionally, performance evaluation mechanisms must be adjusted to incorporate digital
application outcomes into metrics such as platform usage rates and efficiency improvement levels.
This institutionalized incentive system reduces employee resistance and accelerates adoption.

This dual strategy will not only enhance employees' technical adaptability, but also promote the
in-depth implementation of digitalization through the reconstruction of organizational culture. Only
when technology, talent, and systems work together can digitalization be upgraded from a superficial
tool to a systemic change that is internalized in daily operations.

4.3. Building Secure and Trusted Data Collaboration Systems

While digitalization brings transparency and efficiency, it also exposes new risks related to data
security, privacy protection, and governance structures. Research indicates that overreliance on data
sharing may lead to issues such as sensitive information leaks, cyberattacks, and redundant data
management, thereby offsetting the efficiency gains from digitalization. Therefore, establishing a
secure and trustworthy data governance system has become a top priority in digitalization strategies
[10].

Specifically, enterprises should focus on four areas: first, comprehensively implement data
encryption and role-based access control to ensure the security of sensitive information during storage
and transmission; second, utilize blockchain technology to ensure data immutability and prevent
tampering and fraud at the institutional level; third, anonymize and mask information shared across
organizations to reduce the risk of sensitive information misuse; Fourth, establish compliance review
mechanisms consistent with international standards (such as eneral Data Protection Regulation) and
ensure institutional stability through regular audits. Only on the basis of security and compliance can
supply chain partners establish genuine trust and unleash the efficiency potential of collaborative
platforms.

4.4. Looking Ahead: Emerging Trends

Looking ahead, the digitalization of supply chains will show three trends. First, artificial
intelligence will evolve from predictive analytics to prescriptive decision-making, enabling real-time
self-correction and autonomous optimization, thereby further reducing human intervention. Second,
edge computing will complement cloud platforms by processing logistics and manufacturing data
locally, significantly reducing latency and improving response speeds. Third, in the face of
geopolitical uncertainty and the trend toward fragmentation of global trade, regionalized digital
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supply chain networks will become increasingly important as a strategic option for enterprises to
reduce external dependence and enhance resilience.

These three trends indicate that digitalization is not merely an optimization of existing processes,
but will reshape the strategic landscape of supply chain architecture. The ability to organically
combine technological innovation and organizational adaptability will be the key to whether
enterprises can gain a competitive advantage in the global arena in the future.

5. Conclusion

This study conducts a comprehensive exploration of the profound impact of supply chain
digitization on operational efficiency based on a systematic review and comprehensive analysis of
relevant literature and proposes strategic insights. The core finding of this study is that supply chain
digitalization is not merely a technological update, but rather a comprehensive transformation
encompassing data governance, process restructuring, and organizational collaboration. Through
rigorous analysis of existing research findings and an in-depth interpretation of the Walmart case, this
paper proposes three intertwined and mutually reinforcing key pathways: first, integration and
visualization at the data level; second, automation and intelligence at the process level; and third,
cross-entity collaboration platforms at the organizational level.

At the data level, digital integration and visualization not only provide unprecedented
transparency and forward-looking decision-making support but also enable managers to maintain
real-time control in a complex global environment, thereby optimizing resource allocation and
improving the ability to respond to potential disturbances. At the process level, automation and
intelligence are driving a paradigm shift in operating models, significantly shortening cycles and
reducing error rates, while ensuring scalability as a institutional safeguard for the continued growth
of future transaction volumes. At the organizational level, cross-entity collaboration platforms are
breaking through the limitations of information silos and trust barriers in traditional supply chains.
The integration of technologies such as blockchain and cloud computing has made it possible to create
shared, transparent, and trustworthy networks, thereby achieving a win-win situation for all parties
and enhancing the resilience of the system. Walmart's practice clearly shows that these three paths
are not isolated from each other but form a composite systemic effect.

However, this study also reveals the structural challenges and inherent limitations of digital
transformation. First, insufficient organizational adaptability remains a common bottleneck, and the
introduction of technology without institutional and cultural support often fails to produce lasting
results. Second, the cultivation of human capital lags far behind technological iteration, and
enterprises' investment in technical training and strategic management capacity building is far from
commensurate with their digitalization goals. Third, data security and governance risks are becoming
increasingly prominent, and without encryption, protection, and compliance mechanisms,
information leaks and cyberattacks can offset the efficiency gains brought about by digitalization.
These issues indicate that the success of digital transformation must be based on the coordinated
advancement of technology, organization, and governance.

Looking ahead, research and practice in supply chain digitalization can be further deepened in
two directions. First, more attention should be paid to the digitalization of regional supply chains.
Against the backdrop of structural restructuring of globalization, regional digital ecosystems are
expected to provide enterprises with greater resilience and flexibility, becoming an important path for
responding to geopolitical risks. Second, digitalization models for small and medium-sized
enterprises should be explored. Large enterprises have already demonstrated significant results from
digitalization thanks to economies of scale, while SMEs are constrained by capital and technical
capabilities and are in greater need of low-cost, high-efficiency targeted solutions. How to achieve
effective digital transformation with limited resources will directly determine whether the benefits of
digitalization can be realized across a broader economic spectrum.
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