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Abstract

Introduction: This study proposes an Artificial Neural Network (1)-based process control
model to enhance agility in supply chain networks, focusing on optimizing decision-making
under demand fluctuations and cost constraints.

Methods: A quantitative descriptive design was employed, utilizing cluster sampling (n=384)
from a manufacturing company’s customer base. The ANN model integrated key variables
(e.g., raw material flow, production volume, storage capacity) and was tested via sensitivity
analysis to evaluate the impacts of production cost, service level, and factory capacity changes
on objective function values.

Results: The model significantly improved supply chain agility, enabling a dynamic response
to demand shifts. A 111% production cost variation altered costs by +15.7%, while a 91%
capacity reduction rendered the model infeasible. A 411% demand surge disrupted service
levels (91%), highlighting capacity constraints. Flexibility indicators (e.g., production
adaptability) emerged as critical agility drivers.

Conclusion: The ANN-based model optimizes supply chain performance, particularly
in healthcare contexts where responsiveness and cost efficiency are paramount. Practical
recommendations include workforce skill development, just-in-time production systems, and
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enhanced supplier IT integration.
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Introduction

ompanies face increasing pressure to

improve responsiveness and reduce costs

in today’s competitive market.
Recent advancements in artificial intelligence,
particularly Artificial Neural Networks (ANNSs),
have emerged as transformative tools for
achieving supply chain agility. For instance, it
has been demonstrated that Al-driven dynamic
capabilities can enhance real-time decision-
making in volatile environments, reducing
operational costs by up to 20% (1).

Similarly, the efficacy of LSTM-based neural
networks in forecasting demand fluctuations was
highlighted with 92% accuracy, enabling firms to
adjust production plans dynamically. These
studies underscore the critical role of ANN in
modern supply chain optimization (2).

As aresult, SCM has become a critical necessity
to enhance operations, increase profits, improve
customer satisfaction, ensure product quality,
and address competitive pressures resulting
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from globalization, the rise of e-commerce, and
increasing supply chain complexity (2). SCM is
recognized as an integrated approach for managing
the flow of materials, information, and capital,
capable of rapidly responding to environmental
conditions (3). In other words, it involves managing
all supply and production processes—from raw
material procurement to product delivery to the end
customer—to create value for customers and

stakeholders (4).
However, supply chains have grown
increasingly  complex, involving decisions

regarding the location of facilities, capacities,
production and inventory planning, supplier
selection, demand forecasting, and transportation
and information flows (1, 5). This complexity
is inevitable in effectively meeting customer
expectations, such as lower costs, higher quality,
and shorter lead times (6).

To cope with such complexity, researchers
have proposed various solutions, including
mathematical modeling, linear programming,
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metaheuristic algorithms, and multi-objective
optimization approaches (7, 8). Artificial neural
networks (ANNSs) represent a specialized and
promising technique. Specifically, ANNs are
computational models designed to mimic human
pattern recognition and have shown effective
performance n artificial intelligence,
engineering, and supplier selection tasks (8).
Their integration can significantly enhance the
performance of agile supply chains.

An agile supply chain network refers to
systems capable of responding swiftly to market
changes and customer demands. Agility is an
organizational response to challenges in dynamic
environments, incorporating adaptive strategies
and innovative performance metrics. Agile
supply chains consist of legally independent but
operationally  interdependent entities that
emphasize flexibility and responsiveness to
volatile conditions. Consequently, they enrich
customer and employee satisfaction while
enabling organizations to establish a unique and
competitive market position (9, 10).

Building on these foundations, this research
explores the supply chain and its components,
highlighting the importance of supply chain
management and the role of artificial neural
networks in enhancing agility. Specifically, it
provides a literature-based overview of ANN-
based methods applied in the SCM domain. The
study first introduces foundational concepts
related to supply chains and neural networks in
the literature review section. Then, through a
systematic review methodology, the applications
of neural networks in supply chain management
will be identified and classified. This study aims
to propose a model for process control within an
agile supply chain network using artificial neural
networks.

Methods
Research Design

This study employed a quantitative and
descriptive research design to examine the
current state and underlying characteristics of the
phenomenon underinvestigation. The goal was to
provide a structured and systematic description
of existing conditions and, where applicable, to
explore relationships between relevant variables.

Study Population

The statistical population consisted of

customers and end-users of a manufacturing
company, representing the target group to which
the study findings are intended to be generalized.

Sampling Method

A cluster sampling method combined with
convenience access was used to select
participants. Clusters were defined based on
relevant operational units, and participants were
selected from accessible clusters. This approach
was chosen due to the lack of a complete list of
the population.

Sample Size

The sample size was determined using
Cochran’s formula for an unlimited population,
assuming a 95% confidence leveland a 5% margin
of error. Based on this, the required sample size
was 384 respondents. Following clustering, data
were collected from within the selected clusters.

Inclusion and Exclusion Criteria

Participants included in this study were
customers and end-users of the selected
manufacturing company who had direct or
indirect interaction with the supply chain
processes. Inclusion criteria required that
respondents be at least 18 years old and have a
minimum of six months of experience
interacting with the company’s production or
distribution system. Respondents must also be
literate and willing to participate in the study
voluntarily.

Exclusion criteria included individuals without
prior experience with the company’s supply chain
or who failed to complete the questionnaire
thoroughly. Incomplete or inconsistent responses
were excluded from the final analysis.

Data Collection Tools and Process

The primary data collection instrument was
a structured questionnaire based on a
comprehensive review of the relevant literature
on supply chain agility and artificial neural
networks. The questionnaire consisted of closed-
ended and Likert-scale items and was validated
by a panel of academic and industry experts to
ensure content validity.

Data were collected using a cluster random
sampling  approach.  Questionnaires  were
distributed in person and electronically across
different branches of the company’s supply and
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distribution departments. Before distribution,
participants were informed about the research
objectives, and their informed consent was
obtained. Anonymity and confidentiality of the
data were strictly maintained throughout the
research process.

Statistical Analysis

Data were analyzed using SPSS version
23. Descriptive statistics were calculated to
summarise the demographic characteristics of
participants and the main study variables.
Inferential statistical methods were used to
examine relationships between supply chain
agility factors and performance indicators,
including correlation  analysis, regression
analysis, and structural equation modeling (11)
where applicable.

Reliability of the instrument was assessed
using Cronbach’s alpha, with a threshold of 0.70
indicating acceptable internal consistency. All
analyses were conducted with a significance level
of 0=0.05.

Ethical Considerations

This study adhered to all ethical guidelines for
research involving human participants. Before
data collection, participants were fully informed
about the study’s purpose and procedures and
provided informed consent to participate
voluntarily. Participation was optional, and
respondents had the right to withdraw at any
stage without any consequences.

Confidentiality and anonymity of all
participants were strictly maintained, and no
identifiable personal data were collected. The
data were used solely for research purposes and
stored securely to prevent unauthorized access.

The study protocol was reviewed and approved
by the institutional ethics committee of Azad
University, ensuring compliance with national

and international ethical standards for social
science research (Code: 16236051).

Results

This study investigated the role of supply chain
agility and developed a process control model
using Artificial Neural Networks (ANNs) to
optimize supply chain performance. The findings
highlight the critical importance of information
integration and process control in enhancing
responsiveness and efficiency.

Enhancement of Supply Chain Agility

The proposed model demonstrated significant
improvements in supply chain agility by enabling
dynamic storage capabilities at distribution and
production centers. This allows suppliers and
manufacturers to respond swiftly to demand
fluctuations, improving overall performance.

Optimization of Decision Variables

The model incorporated critical decision-
making variables, including: Quantity of raw
materials  transferred  from  suppliers to
manufacturers, Volume of products
manufactured and distributed, Storage capacity at
each stage of the supply chain, and Capacities of
suppliers, manufacturers, and distributors. By
accurately integrating these variables, the model
supports data-driven supply chain operations
optimization.

Sensitivity Analysis Results

Effect of Production Cost on Objective Function
A 111% decrease in production cost reduced

the objective function value to 1,248,194,831.

Conversely, a 111% increase raised it to

1,444,324,761 (Figure 1).

Effect of Customer Service Level on Objective
Function

Higher service levels (e.g., 1.95) correlated
with increased costs (1,444,324,231). Lower
service levels (e.g., 1.6) reduced costs significantly
(943,644,397) (Figure 2).

Effect of Factory Capacity on Objective Function
A 91% reduction in capacity rendered the

model infeasible. A 51% increase in capacity
optimized costs (1,147,444,431) (Figure 3).

Demand Fluctuation Analysis

A 411% surge in demand led to an inability to
maintain a 91% service level due to capacity
constraints. A 25% to 111% demand reduction
resulted in gradual cost declines, as fixed costs
remained constant.

The ANN-based process control model
enhances supply chain agility by optimizing
decision variables and adapting to demand
fluctuations. These insights are particularly
valuable for healthcare supply chains, where
responsiveness and cost efficiency are critical.
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Discussion

This study aimed to propose a model for process
control within an agile supply chain network
using artificial neural networks. The research
focused on various dimensions such as cost
reduction, customer responsiveness, and
flexibility to develop a comprehensive process
control model tailored for agile supply chain
networks.

The present study’s findings indicated that
customer responsiveness is a key factor in supply
chain agility. Moreover, this result aligns with the
study by Gilaninia et al. (2013), who demonstrated
the positive impact of supply chain strategies on
customer responsiveness and  production
efficiency. This consistency highlights the critical
role of timely and reliable service delivery in
maintaining a competitive supply chain (12).
This study found that cost reduction is a critical
factor influencing the performance of agile
supply chains. This aligns with Christopher and
Towill (2001), who highlighted that while speed
and responsiveness are vital, controlling and
reducing costs remains a fundamental challenge
for supply chain competitiveness. Effective cost
management is essential for balancing agility
with profitability, enhancing overall supply chain
resilience. (13). The present study also confirmed
the significant role of flexibility-related indicators
in supply chain performance, ranking among the
top factors. This finding supports the work of
Yusuf, Gunasekaran, and Adeleye (2014), who
emphasized various dimensions of supply chain
flexibility—such as volume, product, and
delivery flexibility—as key enablers of lean and
agile supply chain paradigms. Their research
underlines the importance of adaptability and
responsiveness in managing dynamic market
demands. (14) Furthermore, our study reveals
that different types of flexibility—production,
mix, and change flexibility—exert distinct effects
on supply chain agility. This echoes the findings
of Swafford, Ghosh, and Murthy (2006), who
identified flexibility as a primary driver of supply
chain performance and profitability, while speed
was considered important but less influential in
comparison (15). These insights collectively
highlight flexibility as a central element
influencing operational efficiency and financial

outcomes in agile supply chains.
Based on the findings of this study, several

practical recommendations can help improve

supply chain agility and overall company
performance.  First, boosting  production
efficiency is key by focusing on increasing
workforce flexibility through skill development,
implementing just-in-time production systems,
adjusting production plans to meet market
demands, minimizing downtime and changeover
times, automating processes to reduce risks, and
ensuring defect-free production by involving
workers in design and quality control. Next,
improving new product introduction involves
identifying new market opportunities, conducting
thorough market research to understand customer
preferences, analyzing competitors’ strengths
and weaknesses, and encouraging continuous
innovation in product development and launches.
Strengthening integration mechanisms is also
important, which includes setting up electronic
links for direct data exchange, implementing
enterprise-wide systems for unified data access,
and enhancing IT collaboration with suppliers
and customers. Lastly, increasing responsiveness
to market changes by constantly monitoring
shifts in the market, competitor activities,
customer needs, technological advances, and
economic and social factors will enable faster
adaptation of supply chain strategies. By adopting
these approaches, companies can build an agile
supply chain that delivers faster, reduces costs,
and improves customer satisfaction.

Limitations

This study has some limitations. Using cluster
sampling with convenience access may restrict
the generalizability of the findings across various
industrial sectors. Moreover, focusing on a single
manufacturing company limits the applicability
of the results to broader contexts. Future research
should include more diverse samples from
multiple industries and consider integrating
additionaladvanced computational techniques to
improve supply chain agility modeling further.
Nevertheless, despite these limitations, the
present study makes valuable contributions by
quantitatively prioritizing key factors within a
specific industrial context, thereby providing
actionable insights for supply chain managers
seeking to optimize process control.

Conclusion
Overall, the findings highlight the critical
importance of  integrating advanced
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computational techniques into supply chain
management to better navigate uncertainty and
evolving customer demands. This study
introduces an ANN-based model that accurately
identifies and prioritizes the key factors driving
supply chain agility. By providing practical
insights and recommendations, it equips
practitioners with effective tools to enhance
process control, improve responsiveness, and
sustain a competitive edge in today’s complex
and rapidly changing market environments.
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