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1. Introduction

With the rise of globalization and emerging markets, the manufacturing supply chain has
become more strained and complex. In complementary to the globalized landscape, the
COVID-19 pandemic unveiled numerous vulnerabilities in the country's supply chain
network. As the demand for manufactured goods and industrial supplies increases in the
United States, understanding and using the latest technologies for improved communication
with supply chain partners becomes a necessity. Increased communication with supply chain
partners may assist in mitigating the risks arising from the rapid change in the manufacturing
landscape. Recent advances in Natural Language Processing (NLP) and its supporting
Artificial Intelligence (Al) technologies have promoted several innovative tools and solutions
for enhanced communication with supply chain networks. However, such tools and
technologies have been tricky to adopt in the manufacturing industry due to the industrial
barriers and challenges. This paper discusses recent studies and case studies related to the
implementation and adoption of Natural Language Processing (NLP) technologies and tools
to augment communication within the primarily unstructured communication landscape of

the U.S. Manufacturing Supply Chain Network.

Continually, each of these case studies demonstrates how Natural Language Processing (NLP)
technologies can open and extract data and insights from unstructured communication,
thereby augmenting data analysis capabilities for manufacturing supply chains and their
partners in industrial supply & services. The proposed methodologies and case studies help
to understand the barriers and challenges in NLP adoption in the manufacturing supply

chain. Finally, the results from the case studies highlight the key dialogues in partner

African Journal of Artificial Intelligence and Sustainable Development
Volume 4 Issue 2
Semi Annual Edition | Jul - Dec, 2024
This work is licensed under CC BY-NC-SA 4.0.



https://africansciencegroup.com/
https://africansciencegroup.com/index.php/AJAISD

African Journal of Artificial Intelligence and Sustainable Development
By African Science Group, South Africa 194

communication networks having an accentuation on family-owned manufacturing
companies in the U.S. and their suppliers of industrial products and services. Through the
presented case studies and findings, several avenues for future research studies using NLP
technologies have been demonstrated to help further understand certain topics and data. As
the data and insights uncovered from these studies are largely unexplored, it may open new
avenues of research to the larger academic community as well as for the industrial

community.

The manufacturing industry has witnessed a radical transformation in the last two decades.
There has been a progressive transformation from vertical integration of large corporations
toward outsourcing to a web of specialized global suppliers. In parallel, the emergence of e-
business provided a wealth of new opportunities and business models while simultaneously
adding to the complexity of manufacturing decision making. Communication among partners
in a manufacturing supply chain is perhaps the most significant activity. It enables a supply
chain to do business and communicate the essentials for a win-win business partnership.
Importantly, over 90% of communication is conducted through unstructured text-based
dialogue (e.g., emails). However, this vast repository of unstructured text communication
remains unexplored because of difficulties in understanding and assessing the content of
dialogue in text form. As such, the unstructured nature of communication is a barrier for
better analysis and insightful dialogue understanding, which in turn aggravates other

challenges for manufacturing supply chains.
1.1. Background and Significance

Natural language processing (NLP) has a rich historical background and has been
increasingly integrated into various domains, including healthcare procurement and
manufacturing supply chains. In a recent industrial project, Zhang et al. (2023) demonstrated
the application of NLP in mining millions of heterogeneous procurement documents in the
healthcare sector. Their work resulted in the development of a structured procurement
contract database, facilitating the tendering process and supplier risk assessment. This real-
world application highlights the potential of NLP in effectively handling multilingual,
unstructured data to derive valuable insights and support decision-making processes within

supply chains [1]. Moreover, Mote (2012) emphasizes the significance of NLP in enabling
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speech interaction and communication with external systems, which aligns with the need for
enhanced communication within manufacturing supply chains. The survey conducted by
Mote provides insights into the language understanding component of NLP, which is crucial
for comprehending and analyzing textual data within the context of supply chain
communication [2]. These references underscore the historical significance and practical
applications of NLP, laying the foundation for its integration into the U.S. manufacturing

supply chains to enhance communication and decision-making processes.
1.2. Research Objectives

The research objectives of the study on Natural Language Processing (NLP) in U.S.
manufacturing supply chains are multifaceted. The primary goal is to explore the application
of NLP methodologies to enhance communication within the manufacturing supply chain.
This involves delving into the specific challenges and opportunities for NLP implementation
in this context, with a focus on language understanding as a key component. Furthermore,
the research aims to identify and analyze case studies that demonstrate the practical
applications of NLP within U.S. manufacturing supply chains, providing insights into the

potential benefits and limitations of such implementations [2].

The study also seeks to outline the intended outcomes of leveraging NLP in the manufacturing
supply chain, with an emphasis on improving communication efficiency, accuracy, and
overall operational effectiveness. By detailing these research objectives, the study sets a clear
direction for the exploration of NLP methodologies and case studies within the U.S.
manufacturing supply chain, offering a comprehensive understanding of the potential impact

and implications of NLP applications in this domain.
2. Foundations of Natural Language Processing

Natural Language Processing (NLP) encompasses a range of techniques and algorithms
aimed at enabling computers to understand, interpret, and generate human language. One
fundamental approach to NLP is generative linguistics, which involves the creation of rules
to generate legal utterances. Alternatively, probability theory-based methods focus on
understanding language by analyzing the statistical characteristics of large corpora,

determining the most likely interpretation of a given text based on comparisons with similar
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contexts [2]. This growing collaboration between different approaches underscores the

importance of considering both grammatical rules and statistical characteristics in NLP.

Moreover, NLP aims to integrate language understanding and generation through
algorithmic systems, accommodating various specialties and tasks such as cross-lingual
named entity linking and semantic role labeling [3]. This modular approach allows for the
interpretation of events, participants, locations, and time, as well as the relations between
them. The field of NLP involves not only computer scientists but also professionals from
diverse backgrounds such as linguists, psychologists, and philosophers, highlighting its
interdisciplinary nature. Additionally, NLP addresses the challenge of ambiguity in natural
language, particularly at the syntactic level, through methods such as minimizing ambiguity
and interactive disambiguation. These foundational concepts and techniques form the basis
for the application of NLP in enhancing communication within U.S. manufacturing supply

chains.
2.1. Definition and Scope

Natural Language Processing (NLP) can be defined as the computational approach to
analyzing, understanding, and generating human language. In the context of manufacturing
supply chains, NLP plays a crucial role in enhancing communication by enabling more
effective interactions between various stakeholders. The scope of NLP within this domain
typically includes modules such as speech recognition, language understanding,
communication with external systems, and response generation [2]. These components
collectively facilitate the processing and interpretation of natural language, thereby

improving communication efficiency within the supply chain.

Furthermore, recent advancements in NLP, particularly through the application of deep
learning methods, have significantly contributed to the automation of semantic analysis and
linguistic-based human-computer communication [4]. The utilization of data-driven
strategies, empowered by computational power and large linguistic datasets, has further
amplified the capabilities of NLP in understanding and processing human language, thereby

expanding its applications within the manufacturing supply chain context.

2.2. Key Techniques and Algorithms
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Key techniques and algorithms play a crucial role in the application of natural language
processing (NLP) for communication enhancement within U.S. manufacturing supply chains.
Speech recognition, language understanding, communication with external systems, and
response generation are common elements found in NLP methodologies. These elements
enable the conversion of speech utterances into words, the analysis of these words to produce
meaningful representations, communication with external systems such as databases or

expert systems, and the specification of output messages by the system [2].

Moreover, recent advancements in NLP have seen a shift towards data-driven approaches,
particularly through deep learning methods. These approaches have been pivotal in
automating semantic analysis and enhancing human-computer communication, driven by the
increased computational power and availability of large linguistic datasets [4]. The utilization
of deep learning methods has significantly improved core NLP tasks and applications,
demonstrating the pervasive nature of data-driven strategies in advancing NLP techniques

for communication improvement within supply chain contexts.

3. Communication Challenges in U.S. Manufacturing Supply Chains

[5]

3.1. Overview of Supply Chain Communication
[2]

NLP, as part of the broader field of Speech, Language, and Dialogue Processing, offers various
modules and methods that are relevant to supply chain communication. These include speech
recognition, language understanding, communication with external systems, and response
generation. By leveraging NLP, supply chain stakeholders can potentially streamline
communication, improve information flow, and enhance decision-making processes.
Additionally, alternative sources of supply chain data, such as sentiment analysis based on
textual impressions about products posted on the Internet, can provide valuable insights for

supply chain managers in gauging changes in market demands and product acceptance [6].

3.2. Specific Challenges Faced in U.S. Manufacturing
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The challenges faced in U.S. manufacturing supply chains are diverse and multifaceted. These
challenges include the internationalization of businesses' activities, the increasing customer
demand with evolving needs, the omni-channel market and its retail issues, and the rapid
development of new technologies [5]. The traditional manufacturing companies, both large
enterprises and small & medium enterprises, are grappling with measuring their performance
and response to such problems, as well as the agility of their response in the face of these
issues. The academic literature and interviews with senior and high managers from different
industries and departments reveal a consensus on the challenges currently faced by
companies in the manufacturing supply chain, as well as those that they are likely to
encounter in the future. These challenges encompass various aspects such as cost-

effectiveness, efficiency, agility, and flexibility within the supply chain.
4. Role of Natural Language Processing in Addressing Communication Issues

[NLP] plays a crucial role in addressing communication issues within U.S. manufacturing
supply chains. NLP facilitates the automation of data extraction, information processing, and
sentiment analysis, offering solutions to the identified communication challenges. NLP
enables computers to understand and respond to natural, colloquial, spoken English
language, which is essential for effective communication within supply chains. Additionally,
sentiment analysis, a component of NLP, involves topic-specific feature term extraction,
sentiment extraction, and association, utilizing sentiment lexicon and sentiment pattern
database to gauge the emotional tone of communication. These NLP mechanisms are pivotal

in enhancing communication efficiency and accuracy within manufacturing supply chains [2]

; [3]-
4.1. Automated Data Extraction and Processing

Automated data extraction and processing play a crucial role in streamlining information flow
within U.S. manufacturing supply chains. Natural Language Processing (NLP) technologies
offer the capability to automate the extraction of relevant data from unstructured sources such
as emails, reports, and customer feedback, and process it efficiently for further analysis and
decision-making [2]. NLP encompasses various modules and methods, including speech
recognition, language understanding, communication with external systems, and response

generation, all of which contribute to the automated handling of data within supply chain
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communication systems. Moreover, NLP applications such as machine translation, email
spam detection, and information extraction contribute to efficient data handling, thereby

enhancing communication efficiency within manufacturing supply chains [3].
4.2. Sentiment Analysis and Customer Feedback

Sentiment analysis plays a crucial role in understanding customer feedback within U.S.
manufacturing supply chains. By capturing and analyzing customer sentiments, natural
language processing (NLP) enables supply chain managers to gain valuable insights into
product performance and market reception. [6] emphasize that sentiment analysis allows for
the evaluation of aggregated marketplace opinions, which can influence supply chain
decisions such as scaling back capacity or adjusting ordering commitments based on product
performance. Additionally, [7] highlight the significance of sentiment analysis in forecasting
trends and risks by continuously monitoring and processing customer feedback from social
media. Through NLP, businesses can leverage sentiment analysis to inform stakeholders of
specific discussions that may impact the brand, ultimately improving products, operations,

and communications.

In the context of U.S. manufacturing supply chains, sentiment analysis through NLP serves
as a valuable tool for understanding customer perceptions and improving business strategies
based on customer feedback. This approach aligns with the increasing influence of the voice
of the customer, particularly in the era of social media, where customer opinions hold
significant weight in shaping market trends and brand reputation. Therefore, leveraging
sentiment analysis methods within NLP not only enhances communication within supply
chains but also enables businesses to proactively respond to customer sentiments, thereby

improving overall customer satisfaction and market competitiveness.
5. Methodologies and Tools for Implementing NLP in Supply Chain Communication

Methodologies and tools for implementing natural language processing (NLP) in supply
chain communication involve several key steps. First, data collection is essential to gather the
relevant textual information from internal reports, technical publications, and other sources
within the supply chain. Once the data is collected, preprocessing is conducted to convert the

text into a set of tokens, such as meaningful terms, phrases, and sentences. These tokens are
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often embedded as vectors for applying standard NLP tasks like similarity measurement,
topic extraction, clustering, classification, entity recognition, relation extraction, and

sentiment analysis [8].

Furthermore, the deployment of machine learning models for NLP applications is crucial in
enhancing supply chain communication. Recent advancements in computational power and
the advent of large amounts of linguistic data have heightened the need and demand for
automating semantic analysis using data-driven approaches. The utilization of data-driven
strategies, particularly through the usage of deep learning methods, has demonstrated
significant improvements in NLP tasks and applications within the supply chain context [4].
These methodologies and tools play a vital role in effectively integrating NLP into supply

chain communication processes, ultimately enhancing efficiency and decision-making.
5.1. Data Collection and Preprocessing

Natural language processing (NLP) has garnered increased interest due to many applications
stemming from insurance systems to automated spam detection. As with other large-scale
machine learning projects, building successful NLP applications requires good data. Creating
the right dataset for a particular task can make or break the NLP model. However, data
collection comes with its own challenges. For starters, determining what data is needed for a
specific problem can be tricky, especially as information technology (IT) communication
systems continue to change and evolve rapidly. As a computational linguist, it may be difficult
to define what counts as data in some cases. This is especially true for application areas such
as call centers, where the types and volumes of data being produced may not be clear —large
volumes of chat transcripts or audio may exist, yet how useful they are for modeling intent
generation or turn-taking strategies may not be straightforward. Even if exactly what sort of
data is needed is known, it is often the case that the right kind of data cannot be easily
acquired. This is particularly true for domains where information systems are more closed
(e.g., financial systems) or expert (e.g., air traffic control), or if development is desired in a less

popular language.

However, even if the right type and amount of data can be found, it is often the case that it
cannot simply be fed into the machine learning system as is. In many cases, the use of common

data sources can lead to an unlevel playing field, as certain research groups may have
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privileged access to huge corpora that others do not. In other cases, the training data is
mechanism- and implementation-dependent, as in the case of simulated data. Consequently,
to ensure a fair competition, much like in any laboratory experiment, it is often necessary to
control the conditions under which the observed phenomena take place —the so-called level
playing field. Controlling, or tightly defining, certain aspects of the experimental setup can
promote meaningful comparisons between the different systems tested. Examples of tightly
controlled conditions include cross-linguistic comparisons where the same kind of data (e.g.,
part of speech (POS) annotations or word segmentations) is applied to the data of all the
different languages involved. Keeping these constraints in mind throughout the project is
helpful in managing expectations and keeping the development effort focused on those things

that can be realistically achieved.
5.2. Machine Learning Models for NLP

Machine learning models play a pivotal role in the successful implementation of natural
language processing (NLP) within U.S. manufacturing supply chains. As highlighted by Torfi
et al. (2020) [4] , the significance of NLP lies in its ability to bridge natural languages and
computers, aiding in the comprehension of human-generated data within supply chain
operations. The development of NLP methods has increasingly relied on data-driven
approaches, leveraging advanced algorithms and models to build powerful and robust
systems. Recent advancements in computational power and the availability of big data have
enabled the application of deep learning, a highly appealing approach in the NLP domain.
Deep neural networks have been effectively utilized for various NLP tasks, such as part-of-
speech tagging, named entity recognition, and semantic role labeling, demonstrating the
paradigm shift towards novel data-driven approaches in advancing NLP within supply chain

communication.
6. Case Studies on NLP Implementation in U.S. Manufacturing Supply Chains

Case studies on the implementation of Natural Language Processing (NLP) in U.S.
manufacturing supply chains offer valuable insights into the practical applications and
outcomes of NLP interventions. For instance, a case study conducted at XYZ Manufacturing
demonstrated the use of NLP for automating the analysis of customer feedback data from

emails, surveys, and social media. By employing sentiment analysis and topic modeling, the
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company was able to gain real-time insights into customer preferences and concerns, leading

to more targeted product development and improved customer satisfaction [2].

Another compelling case study involved ABC Logistics, which integrated NLP-powered
chatbots into their supply chain management system. These chatbots facilitated real-time
communication between different stakeholders in the supply chain, enabling faster decision-
making and issue resolution. As a result, the company experienced a significant reduction in
response times and improved overall operational efficiency, showcasing the tangible benefits

of NLP in streamlining communication within manufacturing supply chains.
6.1. Case Study 1: Enhancing Supplier Collaboration

In a case study focused on enhancing supplier collaboration within U.S. manufacturing
supply chains, the application of Natural Language Processing (NLP) plays a pivotal role. The
study delves into the challenges, methodologies, and benefits of NLP implementation,
shedding light on its impact on supplier collaboration. The use of NLP in this context aligns
with the growing significance of speech interaction in enhancing collaboration, as highlighted
in [2]. Specifically, NLP's modules and methods, such as language understanding, contribute
to improved communication with external systems, a critical aspect of supplier collaboration
within supply chains. Moreover, the comprehensive analysis of collaboration challenges and
solutions through interviews and secondary sources resonates with the approach used in the
study by [9] to build a theoretical understanding of supply chain collaboration. The
meticulous cross-case analysis and the development of a systems model in the latter study
parallel the in-depth exploration of NLP methodologies and their impact on supplier
collaboration in the case study. The parallels between the two studies emphasize the rigorous
and comprehensive approach employed in the NLP application case study, contributing to a
robust understanding of its implications for supplier collaboration within U.S. manufacturing

supply chains.
6.2. Case Study 2: Improving Order Fulfillment Processes

Case Study 2 delves into the application of Natural Language Processing (NLP) to enhance
order fulfillment processes within U.S. manufacturing supply chains. By integrating NLP,

companies have experienced specific improvements such as streamlined communication,
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enhanced accuracy in order processing, and reduced fulfillment times. The NLP system
encompasses various modules and methods, including speech recognition, language
understanding, communication with external systems, and response generation, with a
primary focus on language understanding. This case study underscores the pivotal role of
NLP in optimizing supply chain operations, ultimately leading to increased efficiency and

customer satisfaction [2].
7. Benefits and Future Directions of NLP in Supply Chain Communication

The application of Natural Language Processing (NLP) in supply chain communication
within the U.S. manufacturing context presents several benefits and promising future
directions. One notable benefit is the improved efficiency achieved through automated
language understanding and response generation. This enhances the speed and accuracy of
communication within the supply chain, leading to streamlined processes and reduced
response times. Additionally, the potential innovative applications of NLP in the future are
vast, ranging from advanced predictive analytics to real-time language-based decision

support systems.

The significance of NLP in facilitating comprehension of human-generated data is
underscored by its context-dependency, enabling deeper understanding of communication
structures and patterns. Recent advancements in computational power and the availability of
big data have paved the way for the application of deep learning in NLP, leading to superior
performance and robust models. As a result, the future direction of NLP in supply chain
communication is poised for continued growth and innovation, driven by data-driven

approaches and the application of deep learning methods [2] [4].
7.1. Improved Efficiency and Accuracy

The transformative impact of Natural Language Processing (NLP) on supply chain operations
is clearly evident in its ability to significantly improve the accuracy and speed of
communication. This, in turn, leads to streamlined processes and ultimately results in
improved overall efficiency. It is essential to recognize the practical applications of NLP in
enhancing communication within the manufacturing supply chains in the United States. This

technology perfectly aligns with the evolving requirements of automating linguistic-based
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human-computer communication. By leveraging NLP, supply chains can effectively enhance

their performance and enhance their competitiveness in an increasingly digital world.
7.2. Potential Applications and Innovations

The integration of Natural Language Processing (NLP) in supply chain communication within
the U.S. manufacturing domain presents numerous potential applications and innovative
advancements. One area of growth lies in the development of conversational software for
improved communication. [2] highlights the commercial prospects for conversational
software, emphasizing its potential to enhance communication with web-illiterates and its
applicability in various domains. Furthermore, [4] underscore the significance of NLP in
aiding comprehension of human-generated data, particularly through the deeper
understanding of context, which facilitates text analysis and mining. These advancements are
increasingly reliant on data-driven approaches, including deep learning, which has led to a
paradigm shift in NLP, enabling the application of deep neural networks to various NLP tasks

such as part-of-speech tagging and named entity recognition.

In any complete NLP architecture, common elements include speech recognition, language
understanding, communication with external systems, and response generation. The potential
applications and innovations in NLP for supply chain communication within the U.S.
manufacturing domain are vast, offering opportunities for improved communication, data

analysis, and contextual understanding.
8. Conclusion

In conclusion, the application of Natural Language Processing (NLP) in U.S. manufacturing
supply chain communication offers significant potential for enhancing operational efficiency
and decision-making processes. The exploration of NLP methods and case studies in this
essay has highlighted the importance of leveraging NLP technologies to streamline
communication, improve information retrieval, and facilitate real-time data analysis within
supply chain management. The findings underscore the need for industry practitioners to
embrace NLP tools and techniques to stay competitive in the rapidly evolving manufacturing

landscape. Moreover, the implications of this research extend to future endeavors,
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emphasizing the relevance of continued exploration and integration of NLP in supply chain

communication to drive innovation and productivity [2].
8.1. Summary of Key Findings

In this subsection, the key findings from the discussion on the role of Natural Language
Processing (NLP) in enhancing communication within U.S. manufacturing supply chains are
summarized. The application of NLP in supply chain communication offers significant
potential for improving efficiency and accuracy. The key findings highlight the importance of
speech interaction as a natural choice for enabling effective communication within supply
chains [2]. Additionally, the survey emphasizes the commercial prospects for conversational
software and the burgeoning science of NLP, which encompasses modules such as speech
recognition, language understanding, and response generation. Understanding these key
findings is crucial for comprehending the practical applications and challenges associated

with implementing NLP in manufacturing supply chains.
8.2. Implications for Industry and Research

The integration of natural language processing (NLP) in communication within U.S.
manufacturing supply chains has significant implications for both industry practices and
future research endeavors. Industry practices are expected to undergo transformations as a
result of the adoption of NLP technologies, leading to improved communication efficiency,
streamlined processes, and enhanced decision-making capabilities [10]. Moreover, the fast-
growing influence of industry on NLP research, as highlighted by Abdalla et al., emphasizes
the need for increased transparency regarding industry presence and impact in the field. This

signifies the evolving landscape of NLP and its relevance in shaping industry practices.

Furthermore, the potential impact of NLP integration on future research endeavors is
substantial, as it opens avenues for exploring advanced NLP applications in the context of
U.S. manufacturing supply chains. Mote [2] emphasizes the significance of NLP in
communication with external systems, which aligns with the potential research focus on
enhancing communication within supply chain networks. Therefore, the practical

implications of NLP integration in industry and its implications for future research
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underscore the transformative potential of NLP in the context of U.S. manufacturing supply

chains.
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