International Journal Software Engineering and Computer Science (IJSECS)
4 (1), 2024, 107-120

Published Online April 2024 in IJSECS (http://www.journal.lembagakita.org/index.php/ijsecs)

P-ISSN : 2776-4869, E-ISSN : 2776-3242. DOI: https://doi.org/10.35870/ijsecs.v4i1.2326.

RESEARCH ARTICLE Open Access

Optimizing E-commerce Inventory to prevent
Stock Outs using the Random Forest
Algorithm Approach

Achmad Ridwan *

Information Systems Study Program, Universitas Muhammadiyah Kudus, Kudus Regency, Central Java
Province, Indonesia.

Corresponding Email: achmadridwan@umkudus.ac.id.

Ully Muzakir

Computer Science Study Program, Faculty of Science, Technology and Health Sciences, Universitas Bina
Bangsa Getsempena, Banda Aceh City, Aceh Province, Indonesia.

Email: ully@bbg.ac.id.

Safitri Nurhidayati

Economics and Business Study Program, Universitas Muhammadiyah Berau, Berau Regency, East Kalimantan,
Indonesia.

Email: safitri.n091183@gmail.com.

Received: February 3, 2024, Accepted: March 10, 2024, Published.: April 1, 2024.

Abstract: This research investigates the effectiveness of the Random Forest algorithm in optimizing e-
commerce inventory management. In a digital business that continues to grow, inventory management is
crucial for smooth operations and customer satisfaction. The Random Forest algorithm, a development of
the CART method by applying bagging techniques and random feature selection, was tested to predict
inventory. An experimental design is used to test the algorithm's performance algorithms performance,
using data relevant to the observed inventory variables. The analysis involves evaluating the performance
of algorithms in predicting and preventing stockouts. The results show that the Random Forest algorithm
provides more accurate inventory predictions than traditional methods. Comparison with linear and rule-
based regression reveals higher accuracy, making this algorithm a promising choice for e-commerce
inventory management. These findings imply that the Random Forest Algorithm can be an effective solution
in overcoming the complexity and fluctuations of digital markets. Practical recommendations include a deep
understanding of the data, engagement of trained human resources, and training strategies for optimal use
of these algorithms. This research also contributes to the literature by expanding understanding of the
application of the Random Forest algorithm in various contexts, including forest basal area prediction, supply
chain management, and backorder prediction. In conclusion, the Random Forest algorithm has great
potential to improve e-commerce inventory management, opening up opportunities for broader application
in the digital business world. Proactive adoption of these algorithms can have a positive impact on
operational efficiency, customer satisfaction, and a company's competitiveness in an ever-evolving market.

Keywords: Ecommerce; Inventory Management; Random Forest Algorithm; Inventory Prediction, Out of
Stock.
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1. Introduction

The e-commerce industry, as one of the sectors that has experienced exponential growth in recent years,
has changed the global business landscape significantly. Changes in consumer behavior, technological
advances, and internet accessibility have become critical drivers for the rapid development of e-commerce.
Today, e-commerce companies are not only places for online transactions but also centers for comprehensive
customer experiences, offering a variety of products and services quickly and efficiently. However, with this
rapid growth, the e-commerce industry is also faced with increasingly complex challenges, one of which is
effective inventory management. Inventory management in e-commerce is a critical element that influences
the success of company operations. Intense competition, customer expectations for fast delivery, and high
demand variations place significant pressure on inventory systems. Out-of-stock can have detrimental impacts,
such as loss of customers, decreased consumer confidence, and financial loss. Therefore, e-commerce
companies need to develop sophisticated and effective strategies in inventory management to overcome these
challenges. This research emerged in response to the urgent need to improve inventory management in the
e-commerce industry. The main focus of the study is preventing stockouts, an issue that is a significant focus
for e-commerce companies. Out-of-stock not only results in financial losses but can also damage a company's
reputation and relationships with customers. Therefore, this research proposes the application of the Random
Forest Algorithm as an innovative approach to improve prediction accuracy and the effectiveness of inventory
management in preventing stockouts.

In response to these rapid market dynamics, recent studies have proposed various strategies and
approaches to improve inventory management in the e-commerce industry. One interesting approach is the
application of artificial intelligence algorithms and models, especially in stock-out prevention. Research by Shi,
Wang, and Alwan (2020) on Analytics for Cross-Border E-Commerce provides essential insights into inventory
management risks in the online fashion retail sector. They identified operational complexity, such as broad
product offerings, high demand risks, and tax risks in cross-border trade, as the main factors causing inventory
problems in overseas warehouses [1]. This research provides a strong foundation for further study, especially
in applying a data-driven approach to overcome this problem. The predictive method applied by Shi, Wang,
and Alwan (2020) shows that the use of various machine learning techniques, especially the Random Forest
algorithm, can produce more accurate predictions, reduce unprofitable shipping costs, and provide practical
solutions for inventory management in overseas warehouses [1].

Furthermore, research by Zhou (2023) on logistics inventory optimization methods for agricultural e-
commerce platforms using a multilayer feedforward artificial neural network approach highlights the relevance
of artificial intelligence models. With the increasing demand for quality and safe agricultural products, primarily
through e-commerce, there is a need for an efficient inventory management strategy. This research provides
evidence that deep learning algorithms can be applied to predict material flow, inventory, and prices more
accurately than previous shallow neural network models [2]. Furthermore, research by Tang, Chau, Lau, and
Zheng (2023) discusses the application of artificial intelligence models in cross-border e-commerce automation
services, focusing on data-intensive inventory prediction. They highlight that artificial intelligence-based
models, especially the XGBoost method, can provide optimal results in terms of accuracy and reasonable
computing time. This research strengthens the view that using artificial intelligence models can improve the
efficiency of cross-border e-commerce supply chains [3].

Another study by Pramodhini et a/ (2023) discusses the use of machine learning approaches in e-
commerce inventory management. The focus is on developing models that predict demand, providing a basis
for more efficient inventory management for small and medium businesses [4]. Luo, Lu, and Li (2019) research
discusses when and how to use e-commerce shopping cart tracking (ECT) technology. By integrating the
concepts of shortage and price incentives, this research shows that ECT can significantly impact consumer
purchasing decisions. This model provides a deeper understanding of how ECT design can interact with
consumer mindsets in various stages of online shopping [5].

Furthermore, Hua et a/ (2021) created a new approach to handling markdowns in fresh retail e-
commerce. They use a semi-parametric structural approach to model individual price elasticities and optimize
perishable product prices over time. This research opens new avenues in designing pricing strategies for fresh
products with tight sales deadlines [6]. Research by Wang (2023) proposed an Internet of Things (IoT)-based
framework to improve cross-border e-commerce supply chain performance. By combining machine learning
techniques and multi-object optimization, this research shows how demand volume predictions can be
improved, strengthening supply chain performance in Cross-Border E-Commerce (CBEC) [7]. In addition,
research by Sharma, Deepika, and Singh (2021) states that effective inventory management involves
predicting demand and organizing and maintaining efficient inventory. This research focuses on the role of
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artificial intelligence technology, especially machine learning, in increasing inventory management efficiency
in warehouses. The proposed system predicts inventory requirements based on customer demand patterns,
enabling more timely and optimal stock management. The main advantage of this research is its ability to
provide solutions that are adaptive and responsive to changes in market conditions and customer purchasing
patterns. By implementing machine learning methods, this research encourages the development of predictive
models to identify trends and changes in customer demand, enabling companies to structure their inventory
more intelligently [8].

The main objective of this research is to optimize inventory management in the e-commerce industry. By
utilizing the Random Forest Algorithm, this research aims to increase the accuracy of inventory predictions,
reduce the risk of stockouts, and, overall, optimize the inventory management process. Thus, this research
seeks to positively contribute to increasing the operational efficiency of e-commerce companies, increasing
customer satisfaction, and minimizing the negative impact of stockouts. Using the Random Forest Algorithm,
the research explores the potential and advantages of this method in e-commerce inventory management.
This algorithm, with its ability to overcome data complexity and increase prediction accuracy, is expected to
be an effective solution to face the high dynamics of demand and competition in today's e-commerce market.

E-commerce inventory management is a vital foundation that ensures smooth operations and business
success. As digital markets continue to grow and diversify, effective inventory management becomes
increasingly crucial. This can be the difference between logistical success and failure, especially for online
businesses just starting or those with experience looking to optimize their operations. Outdated or inefficient
inventory management practices can lead to missed business opportunities, customer dissatisfaction, and
decreased profits. Technology-enabled inventory management systems, such as the one proposed by this
research, provide real-time visibility, efficient picklists, and in-depth data monitoring. This research clarifies
that good inventory management supported by technology is critical to deal with the complexity of digital
markets.

In conclusion, a well-structured e-commerce inventory management strategy, including the
implementation of the latest technology, is a must to prevent stock-outs, increase customer satisfaction, and
maximize revenue potential. Inventory management in the e-commerce realm has a very vital role in ensuring
smooth operations and business success. In a digital market that continues to develop with various changes,
effective inventory management becomes increasingly crucial. This is the difference between success and
failure in logistics, especially for online business players, both those who have just entered the arena and
those who are experienced and are trying to optimize their operations. Using outdated or inefficient inventory
management practices can quickly result in missed business opportunities, customer dissatisfaction, and
decreased profits. In implementing inventory management in e-commerce, practitioners can take guidance
from a range of relevant research. Schulz (1996) highlights the ABC analysis method as a simple but effective
inventory management tool. The ABC analysis concept breaks down products into three categories based on
their relative value to the total inventory value, guiding allocating resources more efficiently [9]. Furthermore,
Womack, Jones, and Roos (1990) introduced a revolutionary approach to inventory management with the
principle of procuring the proper inventory when needed, without excessive storage. The JIT method has been
proven to reduce storage costs, increase cash flow, and optimize operational efficiency. Despite the risks
associated with sudden changes in the supply chain or customer demand, JIT remains a popular method of
inventory management [10][9].

Furthermore, Sheffield (2004) explains that strategies and techniques effectively manage inventory,
especially in e-commerce, which is full of dynamics. Sheffield emphasized the specific challenges online
businesses face, such as rapid fluctuations in demand and the need for adaptive inventory management
processes. It is known that ABC analysis, the Just-in-Time concept, and a comprehensive guide to e-commerce
inventory management are the foundation for building a solid strategy. Overall, this literature provides an in-
depth understanding of the approaches and tools that can be used to address inventory management
challenges in the dynamic world of e-commerce [11].

The Random Forest algorithm, a development of the CART method by applying bootstrap aggregating
(bagging) techniques and random feature selection, has proven to be an effective method in inventory
prediction. In its use, Random Forest builds several decision trees to form a forest, and analysis is carried out
on the entire collection of trees. Its main advantages include its ability to save forests for future reference,
overcome overfitting, and provide accurate values and important variables automatically. Various studies
strengthen support for the effectiveness of Random Forests. Jevsenak and Skudnik (2021) successfully applied
this model to predict the increase in national forest basal area [12]. Brosofske et a/. (2014) stated the success
of Random Forest in a review of inventory attribute mapping and prediction methods for forest management
[13]. The application of this algorithm by Islam and Amin (2020) in predicting backorder scenarios in the

Copyright © 2024 1JSECS International Journal Software Engineering and Computer Science (IJSECS), 4 (1) 2024, 107-120




110 Optimizing E-commerce Inventory to prevent Stock Outs using the Random Forest Algorithm Approach

supply chain also shows high reliability [14]. Kilham et a/. (2018) contributed to the efficiency of forest
management by designing harvest predictions at the tree level using Random Forest [15]. Ntakolia et a/.
(2021) support using Random Forest in explainable machine-learning models to predict backorder events in
inventory management [16]. The application of Random Forests in creating species distribution maps by
Magness et al. (2008) also confirmed its effectiveness in various applications [17]. These references provide
a solid theoretical foundation, validating that Random Forest is a general prediction algorithm and reliable in
a wide range of cases, including inventory management, forests, supply chains, and ecological monitoring.

Various models and strategies can be employed to optimize inventory in e-commerce. Economic Order
Quantity (EOQ) and Robust Optimization are commonly used models for inventory management [18].
Integrating an e-commerce system with inventory, purchasing, and sales management through software like
Odoo 14 can enhance operational efficiency and reduce costs [19]. Implementing such systems can lead to
cost savings, shorter ordering cycles, reduced inventory levels, faster purchase information, and improved
buyer-supplier relationships [20]. Moreover, the development of e-commerce has created significant business
prospects globally [21]. In managing cross-border e-commerce, effective trade process management is crucial,
especially in B2B transactions, to ensure smooth operations and document handling. Understanding the legal
frameworks and strategies for expanding e-commerce, such as having websites in foreign languages or
targeting foreign markets, is essential for successful e-commerce ventures [22].

Furthermore, logistics plays a vital role in e-commerce performance, with efficient logistics operations
directly impacting customer satisfaction and loyalty [23]. Financial management in e-commerce differs from
traditional businesses, necessitating a focus on financing, financial information management, and transaction
costs unique to e-commerce enterprises [24]. Evaluating the performance of cross-border e-commerce
systems using models like Fuzzy DEA can help identify constraints such as platform imperfections, payment
security loopholes, and policy lags that affect enterprise performance [25]. In conclusion, optimizing inventory
in e-commerce involves leveraging models like EOQ, integrating systems for efficient operations,
understanding legal frameworks, ensuring robust logistics, and managing finances effectively. By implementing
these strategies, e-commerce businesses can enhance their competitiveness, improve customer satisfaction,
and drive sustainable growth.

Various strategies and models can be considered to optimize inventory in e-commerce and prevent
stockouts using the Random Forest algorithm. Implementing data mining techniques like K-Means clustering
Zafira (2024) or using Internet of Things (IoT) based systems for inventory management Kurniawan (2023)
can help in reducing the risk of stockouts and improving customer service [26][27]. Additionally, systems
integrating methods like Safety Stock and Reorder Point (ROP) can effectively manage inventory levels to
prevent stockouts [28]. Moreover, the application of algorithms such as Economic Order Quantity (EOQ)
Hidayat (2022) and Weighted Moving Average (WMA) Gunarti et al. (2022) can aid in determining optimal
reorder points and forecasting stock requirements. By using these methods, businesses can ensure efficient
inventory control and prevent stockouts [29][30].

Furthermore, the implementation of Supply Chain Management (SCM) systems Sari et al. (2021) and the
use of Double Exponential Smoothing for sales prediction Saputri & Huda (2020) can improve inventory
management practices and reduce the likelihood of stockouts [31][32]. Understanding consumer behavior
patterns through algorithms like FP-Growth Syahril (2023) can help in stocking popular items to prevent
stockouts. Additionally, considering factors like variety of selection and impulse buying behavior can guide
inventory decisions to meet customer demands effectively [33][34]. By leveraging these insights and
algorithms, e-commerce businesses can optimize their inventory management processes, minimize stockouts,
and enhance customer satisfaction.

2. Research Method

2.1 Research Design

This research design adopts an experimental approach to test and evaluate the effectiveness of the
Random Forest algorithm in optimizing inventory in e-commerce. An experimental approach was chosen
because it provides a robust framework for identifying causal impacts between using the Random Forest
Algorithm and improved inventory management. Additionally, this design allows for better control of variables
that may influence the results, making research results more reliable and applicable to business.
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Figure 1. Research Stages

The proposed research hypothesis is as follows:

H1 : There is no significant difference in inventory optimization between the use of the Random Forest
Algorithm and the application of traditional methods.
H1 : The use of the Random Forest algorithm produces significant improvements in inventory

optimization compared to the application of traditional methods.

This experimental design involves identifying the independent variable, which is the use of the Random Forest
Algorithm, and the dependent variable, which is the level of inventory optimization. The experimental group
will apply the Random Forest Algorithm, while the control group will use traditional methods. The experimental
design involved measurements before and after the intervention. A sampling process will be carried out to
select a sample that represents the e-commerce population in a representative manner. Research
implementation will involve applying the Random Forest algorithm to the experimental group and traditional
methods to the control group. Data will be collected to collect information related to inventory optimization
from both groups. The collected data will be analyzed statistically to test the validity of the research hypothesis.
The results of data analysis will be interpreted carefully in order to draw reliable conclusions. The practical
implications of the research results on inventory management in the e-commerce sector will be thoroughly
evaluated to identify relevant and valuable business implications.

2.2 Data Collection

Data collection in this research involved several careful stages. First, the data sources will include sales
transaction history, inventory data, and other related variables from the e-commerce platform. This data will
cover a sufficient period to ensure the representativeness and accuracy of the model. Observed variables
involve information about products, sales quantities, inventory levels, and other factors relevant to the
analysis. Data collection will be carried out in a structured manner that considers data integrity and customer
privacy. Next, the data collection process will involve cleaning the data to address anomalies or deficiencies
and normalizing the data to ensure consistency and validity. In addition, variables that are irrelevant or have
a low correlation with the research objectives will be identified and removed from the model to increase the
accuracy of predictions.

Market Share Various Product Categories on Tokopedia (March-May 2022)

Baby Care 8.4%
Diapers 15.9%
Baby Clothes 18.3%
Baby Formula & Food 25.2%
Fizzy Drinks 3.7%
Snacks 4.8%
Coffee 6.0%
Staples 25.4%

Medicine & Vitamins 7.5%

Product Category

Body Care 11.6%
Wellness 24.7%
Food Supplements 54.2%
Facial Serum 6.1%
Beauty Package 8.5%
Perfume & Fragrance 10.2%

Facial Care 28.3%

0 10 20 30 a0 50
Market Share (%)

Figure 1. Market Share Various Product Categories on Tokopedia (March-May 2022)
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The data used in this research comes from the Tokopedia e-commerce platform. The data collection stage
was carried out carefully and structured. We obtain data from various sources, including sales transaction
history and inventory data on the Tokopedia platform. These data cover a sufficient period to ensure the
representativeness and accuracy of the model. Observed variables include information about product range,
number of sales, inventory levels, and other factors relevant to our analysis. The data collection process is
carried out by paying attention to data integrity and the privacy of Tokopedia customers. We perform data
cleaning to address any anomalies or deficiencies and data normalization to ensure consistency and validity.
In addition, we also identify variables that are irrelevant or have a low correlation with our research objectives
and remove them from our model to increase prediction accuracy.

2.3 Data Analysis

Data analysis is a critical stage in this research. First, exploratory analysis will be conducted to understand
the data distribution, spot trends, and identify outliers. Next, the data will be divided into two sets, namely
the training and testing sets, to test the model's generality. The next step is to apply the Random Forest
Algorithm to the training set. This process involves setting parameters, such as the number of decision trees,
the depth of the trees, and the number of random variables for each feature selection. The model will be run
and adjusted to the training set to produce inventory predictions. The validity of the model will be evaluated
using an independent test set. The advanced analysis will evaluate model performance, including accuracy,
precision, recall, and Fl-score measurements. This assessment will explain how well the Random Forest
Algorithm can predict inventory and prevent stockouts. The analysis will also consider essential variables
recognized by the model to provide a deeper understanding of the factors that influence inventory
management in e-commerce. Furthermore, inferential statistical analysis can be applied to test the significance
of differences between the control group (without using the Random Forest Algorithm) and the treatment
group (using the Random Forest Algorithm) regarding inventory management effectiveness. This will provide
a basis for concluding to what extent the Random Forest Algorithm can bring significant changes in optimizing
e-commerce inventory. In terms of interpretation of the results, this research will also consider potential
limitations and obstacles that may affect the generalizability of the findings to a broader audience. This is
important to ensure that research findings can be interpreted wisely and used in practical business settings.
Through this comprehensive experimental approach, it is hoped that this research can provide an in-depth
understanding of the effectiveness of the Random Forest Algorithm in improving e-commerce inventory
management.

3. Result and Discussion

3.1 Results
3.1.1 Analysis of Results

In order to investigate sales trends in March 2022, we analyzed the "Men's Fashion" and "Women's
Fashion" product categories on the Tokopedia platform. The data used includes information about the number
of product sales, initial inventory levels, and ending inventory for each item. The purpose of this analysis is to
provide a deeper understanding of sales performance and market trends in the product categories studied.
Analysis of the results is a crucial stage in this research, which aims to reveal the main findings regarding the
effectiveness of the Random Forest Algorithm in predicting e-commerce inventory. Comparison with traditional
methods is the main focus to identify possible advantages of the proposed algorithm. From the analysis results,
the Random Forest Algorithm can provide more accurate inventory predictions compared to traditional
methods. This performance can be seen from higher levels of accuracy, precision, recall, and F1-score.
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Figure 2. Evaluation Metrics

The application of the bootstrap aggregating (bagging) technique in Random Forest provides advantages in
overcoming overfitting, so that the model is better able to capture complex patterns in inventory data. Apart
from that, the advantage of the Random Forest algorithm in storing a decision forest for future reference also
proves helpful in situations where there are fluctuations in demand or sudden changes in the supply chain.
This provides the flexibility needed by e-commerce companies to be able to adjust inventory management
adaptively, according to rapidly changing market dynamics. Performance comparison between the Random
Forest algorithm and traditional methods, such as linear regression or rule-based methods, shows significant
superiority. In particular, Random Forest can better handle complex and non-linear inventory data, resulting
in more accurate and reliable predictions. This is a critical aspect in e-commerce, where fluctuations in demand
and product variety are often difficult to anticipate by traditional methods.

Mean Squared Error (MSE) Inventory Optimization
0.10 100
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Figure 3. Results of Mean Squared Error (MSE) and Inventory Optimization

The models evaluated in this study include Random Forest and traditional methods. Performance evaluation
uses the Mean Squared Error (MSE) metric, which measures how close the model predictions are to the actual
values. The evaluation results show that the Random Forest model has a lower MSE compared to traditional
methods, indicating that the Random Forest model has a higher level of prediction accuracy. Apart from the
model performance aspect, an evaluation was also conducted to evaluate its impact on inventory optimization
in the e-commerce sector. The level of inventory optimization is measured based on the inventory management
efficiency achieved by each model. The evaluation results show that the Random Forest model can produce a
higher inventory optimization level than traditional methods. This shows that applying the Random Forest

Copyright © 2024 1JSECS International Journal Software Engineering and Computer Science (IJSECS), 4 (1) 2024, 107-120




114 Optimizing E-commerce Inventory to prevent Stock Outs using the Random Forest Algorithm Approach

model can help increase efficiency and accuracy in inventory management in e-commerce. From the model
evaluation and model evaluation results, the Random Forest Algorithm significantly impacts improving
inventory optimization in e-commerce. The Random Forest model can provide more accurate and efficient
predictions, so it can help e-commerce companies manage their inventory better. These conclusions provide
important insights for practitioners and researchers in developing more effective inventory management
strategies in the e-commerce era.

3.1.2 Implications and Recommendations

The implications of these findings for e-commerce inventory management practices are enormous. Using
the Random Forest Algorithm can be a proactive step in overcoming complex inventory management
challenges in this digital era. E-commerce companies adopting this algorithm can optimize their inventory more
effectively, reduce out-of-stock risk, and increase customer satisfaction. The recommendation for e-commerce
companies that want to adopt this approach is to integrate the Random Forest Algorithm gradually. The initial
stage involves an in-depth understanding of the data used, including critical variables that must be observed.
Human resources trained in data analysis and machine learning need to be involved to ensure optimal
implementation. Next, the company needs to develop a training and development strategy for the internal
team that will be involved in using the Random Forest Algorithm. Understanding how to interpret the output
of these algorithms and taking appropriate action is crucial in getting maximum benefit from their use. In
addition, it is essential to monitor and evaluate the performance of the Random Forest Algorithm periodically.
With careful monitoring, companies can identify potential improvements and address issues that may arise
over time. In the ever-growing e-commerce business, using the Random Forest Algorithm can be a significant
differentiation factor. Companies adopting this technology successfully will have a competitive advantage in
inventory management and customer service. It is important to note that although the Random Forest
Algorithm has demonstrated superior performance in this study, one size does not fit all. Before deciding to
adopt this algorithm, E-commerce companies need to consider their own business, including the scale of
operations, supply chain complexity, and product characteristics. In conclusion, this research confirms that the
Random Forest algorithm has excellent potential in optimizing e-commerce inventory management. The
implications of these findings can bring significant positive changes in business practices and strengthen the
position of e-commerce companies in the competitive market.

The Random Forest algorithm is effective in predictive modeling and classification tasks through techniques
such as oversampling, feature selection, and weighted Random Forest [35][36][37]. These methods have
improved classification performance, accuracy, and predictive capabilities in various contexts, including
inventory management and medical data analysis. Reference Nugroho & Rilvani (2023) discuss the application
of oversampling using the SMOTE method in the Random Forest algorithm for predicting corporate bankruptcy,
resulting in a 7.40% increase in classification performance after data preprocessing [35]. Reference Priantama
& Siswa (2022) focuses on optimizing the Random Forest Classifier's accuracy by utilizing correlation-based
feature selection, enhancing its performance in predicting academic student performance [36]. Reference
Budianti & Suliadi (2022) introduces the Weighted Random Forest method in classifying and predicting the
survival of heart failure patients, showcasing its applicability in medical data analysis [37]. The Random Forest
algorithm's ability to handle complex data and provide accurate predictions makes it a valuable tool for
optimizing inventory management strategies in e-commerce settings.

These findings have significant implications for inventory management practices in the e-commerce industry.
The use of the Random Forest Algorithm is a proactive solution to overcome complex challenges in inventory
management in the digital era. E-commerce companies adopting this approach can increase efficiency in their
inventory management, reduce out-of-stock risk, and increase customer satisfaction. The recommendation for
e-commerce companies who want to adopt the Random Forest Algorithm is to carry out the integration in
stages. The initial stage involves a deep understanding of the data used, including critical variables that
influence inventory. The involvement of human resources trained in data analysis and machine learning is
critical to successful implementation. Next, the company needs to develop a training and development strategy
for the internal team that will be involved in using the Random Forest Algorithm. The ability to interpret the
output of these algorithms and take appropriate action is an essential element in maximizing their benefits. It
is also essential to monitor and evaluate the performance of the Random Forest Algorithm periodically. With
careful monitoring, companies can identify improvement opportunities and address issues that may arise over
time. In the ever-growing e-commerce business environment, the use of the Random Forest Algorithm can be
a significant differentiation factor. Companies adopting this technology successfully will have a competitive
advantage in inventory management and customer service. However, it is essential to remember that the
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Random Forest Algorithm is not a one-size-fits-all solution. E-commerce companies need to consider the
unique characteristics of their own business before deciding to adopt these algorithms.

3.2 Discussion

In analyzing sales trends in the "Men's Fashion" and "Women's Fashion" product categories on the
Tokopedia platform in March 2022, we used data that includes the number of product sales, initial inventory
levels, and ending inventory for each item. The main objective of this analysis is to understand sales
performance and market trends in these two product categories. The analysis results show that the Random
Forest Algorithm can provide more accurate inventory predictions than traditional methods. This advantage
can be seen from the higher accuracy, precision, recall, and Fl-score levels. Using bootstrap aggregating
(bagging) techniques in Random Forest provides advantages in overcoming overfitting so that the model can
better capture complex patterns in inventory data. Applying the Random Forest Algorithm also provides the
advantage of storing a decision forest as a future reference so that it can deal with fluctuations in demand or
sudden changes in the supply chain. This provides the flexibility needed by e-commerce companies to
adaptively adjust inventory management according to rapidly changing market dynamics.

The models evaluated in this study include Random Forest and traditional methods. Performance
evaluation uses the Mean Squared Error (MSE) metric to measure how close the model predictions are to the
actual values. The evaluation results show that the Random Forest model has a lower MSE than traditional
methods, indicating higher prediction accuracy. In addition, an evaluation was also carried out to measure the
impact of the model on inventory optimization in the e-commerce sector. The results show that the Random
Forest model can produce a higher inventory optimization level than traditional methods. This shows that using
the Random Forest Algorithm can help increase efficiency and accuracy in inventory management in e-
commerce. The implications of these findings are enormous for e-commerce inventory management practices.
Using the Random Forest Algorithm can help companies increase efficiency in managing their inventory, reduce
the risk of stockouts, and increase customer satisfaction. The recommendation for e-commerce companies
who want to adopt the Random Forest Algorithm is to carry out integration in stages, from an in-depth
understanding of the data to training and developing the internal team involved in using this algorithm. It is
also essential to regularly monitor and evaluate the performance of algorithms and consider their business's
unique characteristics before deciding to adopt them.

Evaluation Results of Different Models
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Figure 4. Evaluation Results of Different Models

The model evaluation graph illustrates the performance results of various models in predicting inventory in
the research context. The graph shows that the Random Forest model has the lowest Mean Squared Error
(MSE) value compared to other models, indicating more accurate predictions in estimating inventory. In
contrast, models with a traditional approach show higher MSE values, indicating less than optimal performance
in predicting inventory. These results indicate that using the Random Forest model can potentially increase
the accuracy of inventory predictions in the context of this research. In the table evaluation, the Random
Forest model shows superior performance with the lowest MSE value, while the traditional model has the
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highest MSE value among all models. This confirms that using the Random Forest model significantly benefits
optimizing inventory management in an e-commerce environment.

4. Related Work

Previous studies relevant to this topic reveal a variety of approaches and techniques used in the same or
similar domains. Nugroho & Rilvani (2023), Priantama & Siswa (2022), and Budianti & Suliadi (2022) are some
of the relevant research in this regard [35][36][37]. A study by Nugroho & Rilvani (2023) discusses the
application of the oversampling method using SMOTE in the Random Forest Algorithm to predict company
bankruptcy, which resulted in an increase in classification performance of 7.40% after data pre-processing
[35]. Research by Priantama & Siswa (2022) focuses on optimizing the accuracy of the Random Forest
Classifier by utilizing correlation-based feature selection, which improves its performance in predicting student
academic performance [36]. Meanwhile, Budianti and Suliadi (2022) introduced the Weighted Random Forest
method in classifying and predicting the survival of heart failure patients, which shows its applicability in
medical data analysis [37]. The performance of the Random Forest algorithm has been proven effective in
various contexts, including inventory management and medical data analysis. These previous studies provide
a strong foundation for this research by revealing the potential and advantages of such algorithms in predicting
e-commerce inventory. By referring to previous research, this research can expand understanding of the
application of the Random Forest algorithm in the context of inventory management and identify new
contributions that can be added to the related literature.

Random Forest (RF) has been widely recognized for its superior performance in various domains, including
inventory optimization in e-commerce to prevent stockouts. RF has demonstrated high accuracy and mean
area under the curve (AUC) scores in predicting and sizing vaults for myopia correction [38]. Additionally, RF
has been found to outperform traditional methods in obtaining reasonable weighted values for solar
evaporation's environmental factors, indicating its competence over traditional methods [39]. Furthermore, RF
has been applied to predict Listeria spp. Prevalence in pastured poultry farms' environment showcases its
versatility in different domains [40]. In comparison, Neural Networks (NN) have been extensively used in
various applications, including e-commerce. For example, a Q-learning algorithm model based on NN has been
proposed for dynamic pricing problems in e-commerce product lines, demonstrating the applicability of NN in
addressing e-commerce challenges [41]. Moreover, a neural network algorithm has been utilized for in-depth
research and analysis on the sales dynamics prediction of virtual community knowledge sharing in cross-border
e-commerce, highlighting the role of NN in predicting e-commerce sales dynamics [42]. Gradient Boosting
(GB) has also been a prominent method in machine learning. It has been employed in fault diagnosis of rolling
bearings, where an optimized Gradient Boosted Random Forest Model was proposed to address the difficulties
in extracting fault features and achieving high diagnostic accuracy [43]. Additionally, GB has been compared
with Random Forest and Support Vector Machines for predicting genomic breeding values, indicating its
significance in genomic selection [44]. In optimizing e-commerce inventory to prevent stock outs, Random
Forest offers several advantages over traditional methods, such as Neural Networks and Gradient Boosting.
Its ability to provide accurate predictions, handle complex data, and offer versatility in different domains makes
it a robust choice for inventory optimization in e-commerce.

5. Conclusion and Recommendations

This research concludes that using the Random Forest Algorithm has excellent potential to increase the
effectiveness of inventory management in the e-commerce industry. Analysis of the results shows that the
Random Forest Algorithm can provide inventory predictions that are more accurate and efficient compared to
traditional methods. This advantage is primarily seen in its ability to handle complex and non-linear inventory
data and in providing more consistent and reliable predictions. Applying techniques such as bootstrap
aggregating (bagging) in the Random Forest algorithm provides advantages in overcoming overfitting so that
the model can better capture complex patterns in inventory data. The flexibility of the Random Forest algorithm
in storing decision forests for future reference also proves helpful in dealing with fluctuations in demand or
sudden changes in the supply chain. Regarding model evaluation, the results show that the Random Forest
model has a lower Mean Squared Error (MSE) than traditional methods, indicating higher prediction accuracy.
In addition, the evaluation also shows that applying the Random Forest model can produce a higher level of
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inventory optimization compared to traditional methods, providing a significant impact in improving the
efficiency and accuracy of inventory management in e-commerce.

Using the Random Forest Algorithm is a proactive step for e-commerce companies to overcome complex
challenges in inventory management in the digital era. The recommendation for e-commerce companies that
want to adopt this algorithm is to integrate in stages involving human resources trained in data analysis and
machine learning. Regular monitoring and evaluation of the performance of the Random Forest Algorithm is
also vital in ensuring optimal use and getting maximum benefits from this technology. In conclusion, this
research provides important insights for practitioners and researchers in developing more effective inventory
management strategies in the ever-growing e-commerce era.
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