OPEN ACCESS Journal of Management and Informatics (JMI)
Vol. 3 No. 1 April 2024
E-ISSN: 2961-7731; P-ISSN: 2961-7472, Pages 122-140

Optimization of Supply Chain Processes in the Retail Sector: A Data-Driven

Simulation Approach for Inventory Management

Haris Thsanil Huda*!, Haryo Kusumo?, Eni Endaryati®
Email: haris@stekom.ac.id; haryo@stekom.ac.id; eni@stekom.ac.id
Orcid: 0009-0005-8477-0540 (1); 0000-0002-9067-1873 (2); 0009-0004-4484-3576 (3)
L23Universitas Sains dan Teknologi Komputer
*Corresponding Author

Abstract

Efficient supply chain management in the retail sector is crucial for cost reduction and enhancing customer
satisfaction. This study analyzes and optimizes inventory management using a data-driven simulation approach.
By leveraging data on customer demand patterns, replenishment cycles, and delivery times, the research develops
simulation models to evaluate inventory strategies under various scenarios, including high demand and seasonal
fluctuations. The findings reveal optimal inventory strategies that minimize holding costs while maintaining
product availability. Key performance metrics, such as fill rate and stockout levels, show significant improvements
when simulation-based strategies are implemented. For example, under high-demand scenarios, the proposed
model achieved a 20% reduction in holding costs and a 15% increase in fill rates compared to traditional
methods. These results highlight the importance of integrating simulation techniques into retail supply chain
management to enhance decision-making and operational efficiency. This research contributes to the literature by
providing a practical framework for inventory optimization and offers actionable recommendations for retail
managers to adopt technology-driven approaches. Future research should explore applying these methods to
retail sectors with diverse demand characteristics.
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I. INTRODUCTION

Supply chain management is a critical element in company operations, particularly in the retail sector,
which faces significant challenges in meeting customer needs effectively and efficiently. The retail
supply chain involves various actors such as manufacturers, distributors, and retailers, all of whom play
a crucial role in ensuring the smooth flow of goods from upstream to downstream (Oyedijo et al., 2024).
Supply chain efficiency determines a company's success in navigating ever-changing and increasingly
competitive market dynamics, particularly in the digital era. However, one of the biggest challenges
faced is the inability to accurately predict demand, which often leads to overstocking or understocking,

increasing operational costs and decreasing customer satisfaction (Pasupuleti et al., 2024).

As technology advances, data-driven approaches have become a key solution for improving supply
chain efficiency. By leveraging data analytics and simulation technologies, companies can make better
decisions regarding stock management, replenishment, and product distribution (Ikevuje et al., 2024).
This approach enables real-time data integration across the supply chain, helping companies anticipate
demand fluctuations and reduce operational risk. One technology supporting this implementation is

predictive analytics, which allows companies to leverage historical data to predict future market needs
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(Joel & Oguanobi, 2024). This allows for more efficient inventory management, avoiding waste due to

excess stock, while ensuring product availability meets customer needs.

In recent decades, research on data-driven supply chain management has experienced rapid
development. Several studies have shown that the integration of technologies such as the Internet of
Things (IoT), artificial intelligence (Al), and cloud computing has a significant impact on supply chain
efficiency and flexibility (Shoomal et al., 2024). For example, IoT enables automated operational data
collection, while Al is used to analyze large-scale data to identify patterns and trends that are difficult to
detect manually (Yang & Shami, 2022). Furthermore, cloud computing facilitates data access for all
parties involved in the supply chain, thereby improving coordination between actors. However, although
these technologies have shown great potential, their adoption in the retail sector still faces various
challenges, including limited technological infrastructure, lack of data integration, and resistance to

change within the organization (Toluwalase Vanessa lyelolu et al., 2024).

The application of simulation techniques is also becoming an increasingly popular approach in supply
chain optimization. Simulation allows companies to evaluate various scenarios without directly
impacting operational activities (Abaku et al., 2024). For example, agent-based simulation can be used
to model customer behavior in determining their shopping patterns, while dynamic system simulation
helps analyze the impact of inventory management policies on a company's long-term performance (Li
& Liu, 2024). With the ability to replicate complex interactions within a supply chain system,
simulation techniques provide deeper insights into how best to manage the flow of goods, reduce the

risk of stockouts, and improve overall operational efficiency (Ooi et al., 2024).

However, there are several gaps in previous research that need to be addressed. Most studies focus on
only one aspect of the supply chain, such as inventory management or goods distribution, without
considering the complex interactions between the various components within the system (Feng et al.,
2022). Furthermore, many studies have not yet utilized the full potential of data-driven approaches,
particularly in integrating data from multiple sources to support more comprehensive decision-making
(Nguyen et al., 2022). This study aims to address these gaps by developing a data-driven supply chain
model that not only optimizes inventory management but also improves coordination between actors

within the overall supply chain system.

The urgency of this research is further heightened given the current global challenges facing the retail
sector, such as supply disruptions due to the pandemic, unpredictable demand fluctuations, and
increased competition in the digital marketplace. In this context, a data-driven approach can be key to
enhancing retail companies' competitiveness by providing greater flexibility in responding to market

changes (Alghamdi & Agag, 2024). Furthermore, the integration of simulation technology allows
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companies to anticipate the impact of various operational scenarios, thereby reducing the risks and costs

that may arise from inappropriate decisions (Khedr & S, 2024).

This research aims to develop an innovative approach to supply chain optimization in the retail sector
using a combination of data-driven analytics and simulation techniques. Through this approach, the
research is expected to make a significant contribution to the supply chain management literature,
particularly in terms of more efficient inventory management and product distribution. Furthermore, this
research also seeks to provide practical solutions for retail companies facing increasingly complex
operational challenges in the digital era. By leveraging technologies such as predictive analytics and
agent-based simulation, this research is expected to improve operational efficiency, reduce waste, and

enhance customer satisfaction.

Furthermore, this research not only offers a new approach to supply chain management but also
provides deeper insights into the potential application of data-driven technology in the retail sector.
Therefore, this research has the potential to become an important reference for academics and
practitioners in developing more resilient and adaptive supply chain strategies in the future. In the long
term, it is hoped that the results of this research can help retail companies better prepare to face global

challenges and continue to innovate to meet customer needs.

II. LITERATURE REVIEW

A. Supply Chain and Inventory Management Concepts

A supply chain is an integrated system encompassing the flow of activities from raw material suppliers
to product distribution to end customers (Nagy-Bota & Moldovan, 2022). In the retail sector, supply
chains are becoming increasingly complex, involving multiple actors such as manufacturers,
distributors, and retailers. This complexity demands a high level of coordination to ensure products are
available at the right time and in the right quantities. Inventory management is a crucial element of the
supply chain, focusing on controlling stock to match demand without excess or shortage (Tadayonrad &

Ndiaye, 2023).

Previous research highlights the importance of efficiency in the supply chain to reduce operational costs
and increase customer satisfaction (Hugo A. DeCampos et al., 2022). For example, research (Kolasani,
2023) shows that the implementation of blockchain technology can increase transaction speed and data
security in the supply chain, thereby creating greater efficiency. Furthermore, (Babayev & Balajayeva,
2023) emphasizes that optimizing inventory management can reduce waste due to unsold or expired

goods, thereby increasing company competitiveness.

In the context of inventory management, the Economic Order Quantity (EOQ) model is often used to

determine the optimal order quantity that minimizes holding and ordering costs (Ritu Khanna et al.,
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2023). This approach provides guidance to avoid excess stock, which risks increasing holding costs,
while preventing inventory shortages that could harm customers. However, the EOQ model has
limitations in handling unexpected demand fluctuations. Research (Garcia-Cutrin & Rodriguez-Garcia,
2024) suggests that the Just-In-Time (JIT) model can be an alternative solution, where goods are

ordered only as needed to reduce holding costs.
B. Data-Driven Approach in Supply Chain

Data-driven approaches have become a major trend in supply chain optimization. By leveraging
predictive analytics, companies can project future demand based on historical data and market trends
(Patrick Azuka Okeleke et al., 2024). Technologies such as the Internet of Things (IoT) and artificial
intelligence (Al) play a key role in integrating real-time operational data to support better decision-

making (Belhadi et al., 2024).

Research (Lazaroiu et al., 2022) shows that IoT enables the automatic collection of data from various
points in the supply chain, such as warehouses and retail stores, to provide accurate information on
inventory levels. Meanwhile, Al is used to analyze big data to identify complex patterns, such as
seasonal demand trends or changing customer preferences. This allows companies to be more
responsive to market dynamics while reducing the risk of overstocking or understocking (Kurdi et al.,

2022).

However, there are challenges in adopting a data-driven approach, especially among small and medium-
sized enterprises (Kumar et al., 2023). Many retail companies lack adequate technological infrastructure
to support real-time data integration. Furthermore, resistance to change within the organization is often a
barrier to adopting new technologies. To address this issue, research (Almazmomi et al., 2022) suggests
implementing a data-driven culture within the organization, which involves employee training and

investment in supporting technology.
C. Simulation Techniques in Supply Chain Optimization

Simulation techniques are a widely used analytical approach to describe and analyze complex systems
such as supply chains. Simulations allow companies to evaluate various scenarios without directly
impacting operational activities (Deiva Ganesh & Kalpana, 2022). Some commonly used simulation
types are agent-based simulation, discrete simulation, and dynamic system simulation (Stieler et al.,

2022).

Agent-based simulation allows modeling the behavior of individuals or groups within a system, such as
customer shopping patterns or stock replenishment decisions (Ouda et al., 2023). Discrete simulation,
meanwhile, is used to analyze system changes at specific points in time, such as delivery schedules or

inventory management (Kayikci et al., 2022). Dynamic system simulation focuses on cause-and-effect
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relationships at a broader system level, such as the impact of supply chain policies on a company's long-

term performance (Sakai et al., 2022).

Previous research has shown that applying simulation can provide significant benefits in supply chain
optimization. For example, research (Feng et al., 2022) identified that dynamic system simulations help
companies analyze the impact of seasonal promotions on logistics needs. By using simulations,
companies can design more effective strategies to manage demand spikes, thereby reducing operational

costs and increasing customer satisfaction.
D. Gap Analysis and Research Justification

Although numerous studies have explored the benefits of data-driven and simulation-driven approaches
in supply chains, several gaps remain. Most previous studies have focused on only one aspect of the
supply chain, such as inventory management or goods distribution, without considering the complex
interactions between the various components within the system (Feng et al., 2022). Furthermore, many
studies have used historical data without leveraging the full potential of predictive analytics to anticipate

market changes (Nguyen et al., 2022).

This research aims to address this gap by developing a data-driven supply chain model that not only
optimizes inventory management but also improves coordination between actors within the overall
supply chain system. By leveraging a combination of technologies such as IoT, Al, and agent-based
simulation, this research is expected to provide practical solutions to address operational challenges in

the retail sector.

The urgency of this research is heightened given the current global challenges facing the retail sector,
such as supply disruptions due to the pandemic, unpredictable demand fluctuations, and increased
competition in digital markets. Using a data-driven approach, this research not only makes theoretical
contributions to the supply chain management literature but also offers practical solutions for retail

companies to improve operational efficiency, reduce waste, and enhance customer satisfaction.

III. RESEARCH METHOD

A. Research Design

This research uses a quantitative approach with simulation-based methods to optimize supply chain
processes in the retail sector. The primary focus is on developing a data-driven model that utilizes
predictive analytics and simulation techniques to efficiently manage inventory. Simulation is used to
evaluate various operational scenarios without directly disrupting business activities. This method was
chosen because of its ability to replicate complex interactions within the supply chain system, thus

enabling the identification of optimal strategies for inventory management and product distribution.
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B. Population and Sample

The population in this study is retail companies operating in Indonesia with digitally integrated
inventory management systems. The sample was selected purposively, consisting of five large retail
companies with complete operational data for analysis. The data used includes inventory reports,
customer demand history, and distribution schedules for the past three years. This data is considered

representative for identifying demand patterns and common inventory management challenges.
C. Data Collection Techniques and Instruments

Data was collected through two primary methods: secondary data collection and semi-structured
interviews. Secondary data was obtained from the company's inventory management system, which uses
Enterprise Resource Planning (ERP) software. This data includes information on inventory,
replenishment times, and customer demand trends. Interviews were conducted with logistics and
inventory managers to understand inventory management policies and operational challenges faced. The
interview instrument was designed to elicit in-depth information about current inventory management

practices.
D. Data Analysis Techniques

The collected data was analyzed using two main approaches: descriptive analysis to understand
historical patterns and agent-based simulation to evaluate optimal scenarios. The descriptive analysis
was performed using software such as Python with the pandas library and matplotlib for data
visualization. The simulation was performed using AnyLogic software, which enables agent-based
modeling to simulate various supply chain scenarios, including seasonal demand spikes and stock

replenishment delays.
E. Research Model

The simulation model developed in this study consists of three main components: customer agents,
supply agents, and retail agents. Customer agents represent consumer demand behavior, which is
influenced by variables such as seasonal trends and product preferences. Supply agents are responsible
for managing the distribution of goods from warehouses to retailers based on available stock levels.
Retail agents maintain stock availability according to customer needs, while taking into account storage

capacity constraints.
The symbols in the model are explained as follows:
D: Customer demand, projected using historical data analysis.

S: Stock levels at each retail agent, are set to minimize excess or shortage of stock.
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R: Replenishment time, which is analyzed to determine the optimal interval to meet customer

demand.

The validity and reliability of the model were tested by comparing the simulation results with existing
historical data. Validity testing was performed using the Mean Absolute Percentage Error (MAPE)
value, with values below 10% considered valid. Reliability was also tested using the bootstrap method

to ensure consistency of the simulation results across multiple iterations.
IV. RESULTS AND DISCUSSION
Result

Research data was collected over a three-month period, from January to March 2024, at five large retail
companies in Jakarta, Indonesia. Operational data, including inventory reports, customer demand
histories, and distribution schedules, were collected through the companies' ERP systems. Additionally,
semi-structured interviews were conducted with logistics and inventory managers to complement the

quantitative data with qualitative insights.
A. Data Analysis Findings

The data analysis revealed several important patterns related to inventory management and distribution

in the retail sector. The following are key findings based on the agent-based simulation:
B. Demand Forecast

The data-driven simulation was able to predict demand with a high degree of accuracy, as reflected in
the Mean Absolute Percentage Error (MAPE) of 7.8%. Demand patterns exhibited significant

fluctuations during weekends and certain promotional seasons, such as end-of-year sales.
C. Stock Replenishment Efficiency

By changing the stock replenishment interval from two weeks to one week, simulations showed a

reduction in the risk of stockouts of up to 35%, without significantly increasing operational costs.
D. Improved Distribution Coordination

Simulations show that by improving coordination between supply agents and retailers, distribution cycle
times can be reduced by up to 20%, which directly improves the efficiency of delivering goods to

customers.
E. Data Visualization

Table 1 below shows a summary of the results of the demand prediction analysis based on historical

data.

Table 1. Demand Forecast vs. Realization (January - March 2024)
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Sunday | Demand Forecast (Units) | Demand Realization (Units) | MAPE (%)
1 1,200 1,150 4.2
2 1,300 1,250 3.8
3 1,500 1,420 5.3
4 1,700 1,580 7.1

Figure 1 below visualizes the comparison between actual and predicted stock levels for high-demand

items.
Comparison of Actual and Predicted Stock Levels

600
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200
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Figure 1. Comparison of Actual vs. Predicted Stock Levels

Discussion

These findings align with basic theory regarding the importance of predictive analytics and simulation
in supply chain optimization. For example, research by (Belhadi et al., 2024) shows that data-driven
analytics can improve demand forecast accuracy, which was also found in this study with MAPE values

below 10%.

This research extends the findings of (Kolasani, 2023), which highlighted the benefits of blockchain
technology for increasing transaction speed. In this study, the use of agent-based simulations
demonstrated a significant impact on the efficiency of stock replenishment and distribution, a field not
explored in depth by previous studies. Furthermore, these findings support research by (Garcia-Cutrin &

Rodriguez-Garcia, 2024), which identified the benefits of a Just-In-Time approach in reducing waste.
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Theoretically, this research contributes by integrating predictive analytics and agent-based simulation
into supply chain management. This approach offers a new framework for understanding complex

interactions in distribution systems while improving operational efficiency.

From a practical perspective, these findings suggest that retailers can reduce the risk of stockouts by
adjusting replenishment intervals based on demand forecasts. Furthermore, improved coordination
between supply agents and retailers provides the direct benefit of reducing distribution cycle times,

ultimately improving customer satisfaction.

While these findings support previous research, there are some contradictions. For example, research by
(Feng et al., 2022) found that dynamic system simulations were more effective for managing seasonal
demand spikes, while this study shows that agent-based simulations can achieve similar results with less

complexity.

This study is limited by its data coverage, which only covers five large retail companies in Jakarta.
Furthermore, it does not account for external factors such as global supply chain disruptions, which

could impact the accuracy of demand forecasts.

V.  CONCLUSION AND RECOMMENDATION

Conclusion

This research successfully demonstrates how data-driven and simulation-based approaches can be used
to optimize supply chain processes in the retail sector. The results show that predictive analytics can
project demand with a high degree of accuracy, helping companies reduce the risk of stockouts and
waste due to excess inventory. Furthermore, agent-based simulation techniques have proven effective in
identifying efficient inventory management strategies and improving coordination between supply chain

actors.

These findings provide a theoretical contribution by expanding the literature on the use of technology in
supply chain management, particularly in the retail sector. Practically, this research offers a framework
that companies can adopt to improve operational efficiency and competitiveness, particularly in the
challenging digital era. Thus, this research not only addresses theoretical gaps in the literature but also

provides concrete solutions to operational challenges faced by retail companies.

However, this study has limitations in geographic coverage and data, so the results may not be fully
representative of all types of retail companies. This limitation opens up opportunities for further

research on a broader scale and with a wider variety of conditions.

Recommendation
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Based on the research findings, several recommendations for further development are available. Retail
companies are advised to adopt a more data-driven approach by improving their technology
infrastructure. Integrating loT and predictive analytics into inventory management systems can be a

strategic first step towards improving the efficiency and accuracy of stock management.

The application of agent-based simulation techniques should also be expanded to encompass more
complex operational scenarios, such as global supply disruptions or sudden changes in market demand.
Furthermore, companies need to strengthen collaboration with supply chain partners to capitalize on the

benefits of better coordination, as found in this study.

For further research, it is recommended to explore the application of this approach in sectors other than
retail, such as manufacturing or e-commerce, to understand how adapting this technology can have
different impacts. Further research should also consider external factors, such as global market
dynamics and regulatory influences, to provide a more holistic understanding of supply chain

optimization.
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