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Abstract 

 

Inventory management poses a significant challenge to SMEs, as they frequently depend on manual 

solutions or rudimentary tools, leading to inaccurate forecasts of consumer demands, over-stocking, and 

under-stocking. This paper proposes an artificial intelligence-based inventory prediction model designed 

to ensure accurate demand forecasting and improved inventory control using machine learning techniques. 

The proposed inventory prediction system leverages historical sales records, inventory reports, and 

seasonality factors to detect consumer demand trends and generate predictions. The development of the 

proposed system is implemented using Python libraries such as Pandas, NumPy, and Scikit-learn. 

Supervised learning algorithms including linear regression and decision trees are utilized to forecast 

future consumer demand. Moreover, the proposed inventory prediction system is capable of performing 

multiple tasks apart from generating demand forecasts, such as monitoring inventory levels, sending 

automated alerts, and visualizing inventory management data in an interactive dashboard. According to 

the experimental evaluation results, the proposed system can achieve a predictive accuracy of 80–90% 

based on the quality of training data sets. In addition, the proposed system can significantly reduce 

inventory management issues such as over-stocking and under-stocking. The proposed solution is 

lightweight, inexpensive, and specifically tailored to small enterprises, allowing for advanced inventory 

optimization without the need for infrastructure. 
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Introduction 

Efficient and effective business operations and profits depend heavily on the management of inventories. For example, in SMEs, due to 

the shortage of financial resources, proper stock management is crucial for meeting consumers’ demands and reducing expenses. 

Nevertheless, in most cases, inventory management and forecasting rely on manual approaches, spreadsheets, or record-keeping 

applications that cannot predict changes. Consequently, such limitations typically lead to the emergence of such issues as excessive or 

insufficient stocks, increased carrying charges, losses from spoiled goods, and dissatisfied clients. 

In inventory management, demand forecasting is a critical component as it enables companies to forecast their future requirements and 

determine proper stock levels. With regard to sales data, traditional demand prediction approaches such as simple averages and rules-

based systems tend not to be appropriate since they lack the ability to recognize seasonality, trends, and shifts in customer needs. Therefore, 

the development of advanced predictive analytics tools capable of analyzing historical information is of paramount importance. 

The advancements in AI and ML have helped develop very sophisticated approaches to predictive analytics in several domains. Machine 

learning algorithms are capable of analyzing vast amounts of historical sales and inventory data to identify trends and correlations which 

cannot be found by conventional means. The described capabilities make AI-powered applications ideal tools for estimating consumer 

demand and optimizing inventory management processes. Even with all the improvements, most existing AI-powered solutions for 

inventory management are designed for large companies. The discussed systems are quite complex, should integrate with ERP systems 

and require significant investments. As a result, SMEs face difficulties when looking for solutions that would be easy to implement, 

affordable and efficient. 

The proposed approach to inventory management and forecasting is based on a specially designed AI-driven system, which will help to 

solve the identified problems and improve inventory forecasting process. For this purpose, the system will utilize Linear Regression and 

Decision Trees ML algorithms for analyzing historical sales data. 

In addition to forecasting capabilities, the system will provide real-time tracking of inventory, alerts regarding inadequate and excessive 

inventory, and a user-friendly interface for visualization and analysis. These features allow business owners to make data-driven 

decisions without requiring advanced technical skills. Through the integration of prediction models and ease-of-use, the system aims to 

streamline inventory management, reduce losses caused by inefficient inventory management, and foster effective business practices. 

The main innovation in this study is the development of an innovative, cost-effective, and small-scale inventory prediction system which 

bridges the gap between advanced artificial intelligence applications and their application in small business environments. It has been 

proven that machine learning methods can be effectively used to solve real-world problems faced by SMEs. 

Literature Review 

There have been remarkable developments in AI and machine learning technology impacting inventory management and demand 

forecasting systems. There have been numerous studies conducted on the impact of predictive modeling on improving inventory 

management. Nevertheless, there are still certain shortcomings when considering SMEs. 

For instance, the paper “AI-Powered Demand Forecasting and Inventory Management in SAP-Based Supply Chains” (2025) discusses 

advanced systems built to increase accuracy and optimize operations within the framework of enterprise-level companies through the use 

of deep learning and real-time analytics. The systems proved highly effective but required complex architecture, expensive investments, 

and expertise, thus, not applicable to SMEs. 

Qadir Naseer and Greyson Blake in their work from 2024 described an advanced AI-based solution for demand forecasting that would be 

helpful to boost inventory management and customer satisfaction. Although the system was more efficient compared to the previous one, 

the drawbacks like high cost, technical complexity, and potential data leaks prevented its successful adoption by smaller firms. 

Olamide R. Amosu et al. in their research focused on IoT technologies along with machine learning application in optimizing inventory 

for SMEs. However, one of the limitations of the paper is the fact that the role of external influencers like promotional events, market 

trends, and seasonality was not taken into account in the forecasting process. 

Freya Martha (2024) analyzed the use of computer vision algorithms in the field of inventory management in order to ensure the quality of 

products. Although it increased the efficiency of monitoring products, elevation and contextual data were not accounted for in the process, 

thus negatively affecting the effectiveness of the system in terms of predicting demands. 

Additionally, Jai Singla and Keivalya Pandya (2023) provided a review of different artificial intelligence algorithms used in the domain of 

inventory management and discussed their benefits. The problem is that there were no standards used in evaluating algorithms and 

comparing them in order to identify the most efficient one. 
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Finally, recent research also shows that machine learning models are rather effective in predicting demands. For example, studies show 

that the most accurate models, namely, LSTM, Random Forest, and Gradient Boosting, can improve prediction results by considering 

historical data. Moreover, artificial intelligence models allow reducing forecast errors and operational expenses. On the other hand, these 

techniques demand extensive data and computing power, which is not accessible for all SMEs. 

Further research shows that inventory management powered by AI can increase the efficiency of the process through overstock 

minimization and avoiding stock-outs, better cash management, and decision-making on the fly. Nevertheless, obstacles like lack of 

expertise, financial limitations, and data scarcity prevent SMEs from utilizing these systems. 

Methodology And System Architecture 

The proposed inventory forecasting using an AI model involves a well-defined process that includes the stages of data acquisition, data 

preprocessing, data analysis, data prediction, and decision making. The main goal of the system is to leverage data on past sales and 

inventories to produce accurate predictions and make the best decisions regarding stocking and supply chain management. 

At the first stage, data on products sold, inventories, and seasons is gathered from the user. At the same time, this data is the main input 

for the entire system. In order to use raw data in calculations, it should be preprocessed to eliminate any errors, inconsistencies, or 

distortions within the data set. 

After that, the data set is analyzed to identify patterns in sales and other parameters. These patterns are necessary to detect how demand 

changes over time. Finally, machine learning algorithms, including Linear Regression and Decision Trees, can be applied to the data to 

predict future sales and inventory levels. As a baseline approach, SMA technique will be implemented to filter out short-term fluctuations: 

𝑆𝑀𝐴 =  (𝑥₁ +  𝑥₂ +  𝑥₃ + ···  + 𝑥ₙ) / 𝑛 

In order to analyze the growth trend from one period to the next, the system computes the growth rate by: 

𝐺𝑟𝑜𝑤𝑡ℎ 𝑅𝑎𝑡𝑒 =  [(𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑃𝑒𝑟𝑖𝑜𝑑 −  𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑃𝑒𝑟𝑖𝑜𝑑) / 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑃𝑒𝑟𝑖𝑜𝑑]  ×  100 

Given the forecasted demand, the system computes the optimum reorder quantities as follows: 

𝑅𝑒𝑜𝑟𝑑𝑒𝑟 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 =  (𝑅𝑒𝑜𝑟𝑑𝑒𝑟 𝐿𝑒𝑣𝑒𝑙 ×  2)  −  𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑆𝑡𝑜𝑐𝑘 

This calculation helps the system to determine the correct stock levels and reorder timing. Further, a real-time inventory monitoring tool 

always monitors the inventory level. If inventory is low or too high above predetermined levels, alerts and advice are issued. 

Lastly, all results generated by the system, such as demand forecasting and reorder quantities, are displayed in a dashboard interface for 

user convenience. 

The proposed system is designed as a multi-stage pipeline integrating document processing, embedding generation, retrieval, and response 

generation. 

 

Fig. 1. System Architecture of RAG-Based Geoscience Assistant 

System Design 

The system architecture comprises a hierarchical structure that enables effective data manipulation, processing, and decision making. 

According to the system architecture diagram shown below, the architecture comprises the following layers: 

• Input Data Layer: This layer is involved in the acquisition of input data from users. Such data includes historical sales data, 

product information, and current inventory data. The quality of the acquired data will determine the effectiveness of the system. 

• Data Manipulation Layer: In this layer, data acquired is manipulated through cleaning and structuring. This process involves 
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eliminating missing values and correcting any errors in the data. 

• Analysis Layer: Data manipulation in the previous layer leads to its analysis. During the analysis, patterns of interest such as 

sales patterns and fluctuations in the demand for goods are determined. 

• Prediction Layer: The application of various Machine Learning algorithms such as Linear Regression and Decision Trees is done 

in this layer for forecasting future demands by utilizing previous data patterns. 

• Decision Layer: On the basis of predicted values, the system determines optimum inventory levels and replenishment quantities. 

This layer converts predictions into valuable insights. 

• Monitoring Layer: The system implements a continuous real-time monitoring system to measure the inventory level. It identifies 

whether there is overstocking or understocking. 

• Output Layer: The output of the model is presented using an intuitive dashboard. The insight gained from predictions is presented 

through this layer. 

Implementation 

In developing the AI-driven inventory forecasting system, Python environment was used to implement the entire process, where all actions 

revolve around using past data to provide forecasts that would help in making inventory decisions. The implementation uses structured 

databases in the form of CSV files containing sales data and their respective inventory data. All these data will be considered the main 

source of information in the implementation process. 

The implementation of the entire process starts with data loading and organizing processes, and this is followed by a step referred to as 

preprocessing. Preprocessing involves handling the problems of inconsistencies in the data such as removal of missing data. Data is 

cleaned, normalized, and organized to enable its effective use in creating prediction models. 

Following data pre-processing, feature extraction is performed to ensure that necessary features for predicting future demand are 

extracted. In the process, the simple moving average is computed. Simple moving average is used for averaging sales figures to make 

them stable enough to capture general trends of demand and growth rate calculations are made to determine growth rates. Such derived 

features will help to detect short-term and long-term demand dynamics of the products. 

Predicting demand can be accomplished via application of machine learning models realized in Scikit-learn. Specifically, a linear 

regression model can be applied to detect a simple correlation between past sales and future demand. Furthermore, a Decision Tree 

Regressor will help to uncover more complicated patterns hidden within the collected information. The two models will be trained using 

the transformed data and will allow predicting the amount of future demand for each particular product. 

As a means to increase the consistency of predictions, the proposed system utilizes a simple moving average approach as its smoothing 

mechanism. It means that any spikes that may appear in the input data will not affect the output value. Predicted demand values together 

with determined trends are used during the decision making stage of the system. 

The system estimates the optimal reorder quantity using a predefined mathematical formula depending on the order level and on-hand 

inventory. It will ensure that the inventory decisions made by the system correspond to the collected data and not to some estimations. 

Lastly, the system generates outputs in terms of demand forecast, inventory position, and reordering decisions. This information can be 

presented using an elementary user interface or output display, making it easy for users to understand the analysis carried out by the 

system. The whole process of implementation is done through a series of steps involving data input, data pre-processing, feature extraction, 

model prediction, and decision-making. 

Results and Discussion 

The performance of the suggested AI-based demand forecasting and inventory management system is judged according to the system’s 

capability to produce precise forecasts and assist decision-making regarding inventory management. The superiority of the system in 

comparison to the regular manual way of inventory management is demonstrated through the implementation of historical sales data 

analysis along with the application of machine learning algorithms for producing data-driven forecasts. 

While regular ways of making forecasts do not involve such techniques as statistical or machine learning methods, this system employs both 

of them. Using Linear Regression, the system is capable of analyzing general trends of demand, and by employing a Decision Tree, the 

system can analyze non-linear changes in sales. Thus, the system is more capable of delivering accurate predictions about future trends. 

The system is tested with several cases using the historical sales data. The output results of forecasts are estimated based on such criteria 

as stability, coherence with trends, and usefulness in inventory management practice. As a result, it becomes clear that the output forecasts 

are stable and reasonable in case there is enough historical data to work with. The incorporation of SMA will enhance the accuracy of the 
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results since it averages out short-term movements and ensures that the result is not impacted by any abrupt changes in the data. 

Performance Analysis 

There is considerable improvement observed in forecasting and inventory management in comparison to conventional systems. Machine 

learning algorithms ensure that the system can examine linear and non-linear relations within the data for enhanced accuracy of the 

forecast made. 

Table 1. Comparison of Performance of the Systems 

Feature Traditional Method Proposed System 

Demand Prediction Low Accuracy High Accuracy 

Trend Analysis Limited Effective 

Handling Variations Poor Improved 

Decision Support Manual Automated 

 

Qualitative Analysis 

A qualitative analysis was carried out by subjecting the system to a variety of product databases and changing sales patterns. From the 

output, it can be deduced that the system is able to detect trends in demand and deliver forecast results that correlate with past performance. 

The predictions are accurate and reliable for application in real-world inventory management. 

The growth rate of the products can be calculated using the system, which enables the user to determine whether there is an increase or 

decrease in demand for a particular item. 

System Efficiency 

The system’s efficiency is dependent on preprocessing and execution of the model. Through the use of data handling mechanisms and simple 

machine learning models, the system is able to work on datasets and predict outcomes in short periods of time. The incorporation of 

preprocessed datasets and structured procedures ensures consistency of the performance of the system without delay. 

Discussion 

From the experiment, it can be seen that the system effectively mitigates the challenges associated with traditional inventory management 

systems. The combination of machine learning models and statistical approach helps the system to predict the demands accurately and 

provide suggestions to replenish stocks. The system reduces the dependency on guesswork while enhancing inventory planning. But the 

performance of the system highly depends on the availability of historical data. Where historical data is incomplete or has unusual trends, 

then the prediction made will lack accuracy. However, the efficiency of the system is greatly enhanced compared to the traditional 

approach, which makes it an effective system for SMEs. 

Advantages and Limitations 

There are multiple benefits that can be gained from applying the AI-based inventory prediction approach. Firstly, the suggested solution is 

aimed at generating reliable demand forecasts based on the analysis of historical sales data. By incorporating machine learning algorithms, 

including Linear Regression and Decision Tree models, the accuracy of forecasts can be considerably improved. Another benefit 

associated with the proposed approach is the integration of statistics methods, such as Simple Moving Average. It contributes to the 

stabilization of predicted data since the proposed model does not rely on recent changes in sales data. 

Furthermore, the application of the suggested approach facilitates the optimization of inventory planning since it incorporates automated 

calculations of reorder quantities. With the help of demand forecasts and stock levels, it becomes possible to ensure optimal inventory 

balances. The suggested solution also incorporates growth rate analysis, which allows for the evaluation of demand tendencies within a 

particular period of time. In addition, the proposed framework offers an efficient workflow that combines data preprocessing, feature 

extraction, prediction, and decision-making stages, making it easy to implement even for small- and medium-size organizations. 

Moreover, the implementation is quite flexible and may be customized to work with other inventory datasets without significant 

adjustments. Due to the usage of conventional approaches to data analysis and machine learning in its core, the system is scalable and 

easily expandable to accommodate larger datasets and more advanced features in further development. Due to its modular architecture, the 

improvement of specific elements of the system, such as prediction model and preprocessing algorithm, is possible without any changes to 

the structure of the program. 

However, there are several limitations associated with the usage of the implemented system that should not be overlooked. First of all, it 

relies heavily on the accuracy of historical data. If such data is unavailable, inconsistent or insufficient, the predictions of demand will also 
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be inaccurate, leading to unreliable recommendations concerning the stock level. 

Secondly, the current models used by the implementation rely solely on historical patterns and may not take into account other factors that 

can significantly affect demand, such as market shifts and unforeseen changes in demand related to specific dates that might not be present 

in the dataset used by the algorithm. 

As a result, although the proposed system offers a very effective solution to improve inventory control using predictive analysis, there is 

always scope to improve the performance of the proposed system by enhancing data quality, adding more influencing parameters, and 

improving the model’s efficiency. 

Applications 

The artificial intelligence based prediction system can be used in a variety of sectors that need accurate forecasts and optimization of the 

inventory. In SMEs, the system enables analysis of sales records and forecast for future demand, thus facilitating decision-making 

concerning stock levels. Through the provision of valuable data, the system decreases reliance on guesswork, hence improving efficiency 

of operations. 

The AI-based prediction system is applicable in retail and supply chains. With the help of the system, businesses can monitor trends, 

patterns of demand, and determine the right amounts to reorder. The system helps in achieving good stock control, minimizing inventory 

expenses, and making sure there is sufficient stock. Moreover, the system is instrumental in decision-making since it highlights growth 

trends. 

Key applications of the system would include: 

• Inventory Management in SMEs: It helps in efficient stock management and forecasting 

• Retail Sales Analysis: It helps in analyzing product demand 

• Supply Chain Optimization: It helps in balancing stocks at each stage of the supply chain 

• Demand Forecasting Systems: It offers predictions from past data 

• Business Decision: It helps in making better business decisions for planning stocks 

Apart from the applications listed above, the system is scalable to other industries where the role of inventory management is significant. For 

example, in e-commerce websites, it can help in predicting product demand as well as managing inventory in the warehouse. Similarly, in 

manufacturing companies, it can help in predicting the amount of raw materials required for production processes. 

Limitations and Future Work 

However, several limitations associated with the implementation of the system should be mentioned to understand the potential risks and 

challenges of further application. For instance, one of the main limitations is the necessity to work with high-quality historical data as poor 

quality or inconsistency of information may affect the reliability of the generated forecasts. The other limitation includes the inability of the 

implemented model to consider the influence of various factors on the demand that occur externally and cannot be predicted. 

Besides, an additional limitation associated with the system is connected with increased computational demands depending on the number 

of data available and processed. Thus, with an increase in the dataset used, more resources will be required for the proper functioning of 

the solution. Finally, as the final limitation of the system, the lack of opportunities for integrating up-to-date data should be highlighted. 

The limitations associated with the developed system include: 

• Dependence on the quality and availability of historical data 

• Inability to consider external factors influencing the demand 

• Inaccurate predictions with irregular or insufficient data 

• Increased computational demands with larger datasets 

• No opportunity to integrate real-time data 

Future works will attempt to resolve some of the shortcomings mentioned above and improve upon the effectiveness of the system. 

Specifically, one way that future improvements could take place is through integrating more real-time sources of data. Doing this will allow 

the system to make more dynamic predictions on the basis of current trends rather than those from before. 

Also, more advanced machine learning models could be added, which will increase both the accuracy and flexibility of the system when it 

comes to dealing with more complicated data sets. Another improvement that could take place involves improving the technique for feature 

engineering as well as adding other factors that influence demand patterns. 
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The future enhancements of the system include: 

• Integrating real-time sources for making dynamic predictions 

• Implementing advanced machine learning models for increased accuracy 

• Adding other factors affecting demand patterns 

• Optimizing the process for larger data sets 

• Improving the interface 

Overall, resolving these shortcomings and implementing these enhancements will greatly increase the effectiveness and applicability of 

the system. 

Conclusion 

An inventory prediction system powered by Artificial Intelligence was designed in this paper as an efficient method for enhancing 

inventory management and forecasting demands for SMEs. Data pre-processing and analysis, feature selection and extraction, as well as 

use of machine learning algorithms are key components that enable the system to provide reliable predictions of demand for products 

based on historical sales data. The system utilizes Linear Regression, Decision Tree Modeling, as well as Simple Moving Average 

algorithm in order to identify various trends and peculiarities related to customer demand for certain products. The use of the system proves 

that data-driven strategies can greatly improve inventory decision-making processes compared to manual approaches. In addition to 

predicting future demands, the system offers inventory reordering options to ensure there is a sufficient amount of products in stock without 

creating the problem of excessive stock. Therefore, it can be used to address the issues of shortage as well as overproduction. 

The results acquired through the system show that the developed model performs efficiently and effectively provided that there is enough 

historical data. Moreover, the integration of growth rate analysis into the model further enhances its performance. Overall, it can be 

concluded that the proposed system has successfully achieved the use of machine learning algorithms in the management of inventories. 

Improvements made on the system through incorporation of additional data and development of better models can help extend the 

system’s applications to other practical uses. 
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