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Abstract 

 In the rapidly evolving Indian retail ecosystem efficient inventory management has become 

critical to maintaining product avail-ability while minimizing overstocking and understocking 

losses. Tradi-tional inventory control methods often fail to adapt to the complexity of local 

consumer behavior shaped by regional diversity seasonal demand shifts and culturally 

significant events such as festivals. This paper presents an intelligent inventory management 

system designed for In-dian retailers which integrates real time stock monitoring demand fore-

casting and automated decision support. The proposed system lever-ages machine learning 

algorithms to analyze historical sales data pricing trends and temporal factors including 

weekdays seasons and festivals to generate predictive insights that guide stock replenishment. 
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Introduction 

The Indian retail sector is undergoing a transformative phase driven by rapid digitalization 

evolving consumer behavior and the growing adoption of data driven decision making. 

Multiple studies highlight how modern retail operations increasingly depend on intelligent 

automation and predictive analytics to maintain competitiveness. The rise of Ecom-merce 

omnichannel strategies and digital payment infrastructures has redefined consumer 

expectations which forces even small and medium retailers to modernize their inventory and 

supply chain practices. 

Traditionally inventory management in Indian retail has relied on manual record keeping 

static spreadsheets and intuition driven fore-casting. While these conventional methods may 

work for low volume stores they fail to respond to dynamic consumer behavior. Prior re-

search shows that demand patterns in developing markets are highly inconsistent because 

they are influenced by regional diversity cultural consumption habits and frequent seasonal 

variations. Indian retail is es-pecially shaped by festivals such as Makar Sankranti Holi Diwali 

Eid and Christmas which significantly impact product demand across mul-tiple categories. 

For small and medium sized retailers who form a major part of the Indian retail economy 

poor inventory decisions result in increased holding costs capital lock in product wastage and 

mailto:shubha.ise@bmsce.ac.in
mailto:bindushree.is22@bmsce.ac.in
mailto:deepak.is22@bmsce.ac.in
mailto:achhutha.is22@bmsce.ac.in


International Journal of Applied Mathematics  

Volume 39 No. 1s, 2026  
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)  
 

Received: August 12, 2025  86 

stockouts that cause missed sales opportunities. Studies on retail inventory management 

show that improperly calibrated demand forecasting systems often re-sult in substantial 

operational losses due to overstocking or understock-ing. Large scale ERP tools are available 

but they remain expensive and complex for local retailers lacking technical expertise. 

To bridge this gap this research proposes an AI driven inventory management system 

designed specifically for Indian retail environments. The system integrates machine learning 

based demand forecasting real time stock tracking automated notifications and analytics 

reporting. Prior works demonstrate that machine learning models such as tree based en-

sembles LSTM networks and hybrid frameworks can effectively cap-ture seasonal variations 

non linear patterns and festival driven demand 

spikes. 

By analyzing historical sales data along with temporal seasonal pric-ing and festival based 

factors the proposed system generates predic-tive insights that support informed restocking 

decisions. Unlike rule based static threshold models the AI component adapts dynamically to 

changes in sales cycles thus minimizing shortages and wastage. 

The system offers essential ERP like features such as procurement tracking low stock alerts 

role based control and performance dashboards while remaining lightweight enough for 

smaller stores. Some earlier studies have emphasized the need for cost effective AI tools that 

small retailers can adopt without the complexity of enterprise applications. 

Overall this work contributes to the digital transformation of In-dian retail by introducing a 

scalable AI driven decision support sys-tem. It empowers retailers to leverage predictive 

analytics for smarter stock control operational agility and improved customer satisfaction. By 

enabling predictive rather than reactive inventory control the pro-posed system represents a 

practical step toward sustainable growth in modern retail setups. 

Research Gap 

Despite notable advancements in demand forecasting and inventory management using 

machine learning most existing studies focus pri-marily on large scale enterprises or 

Ecommerce settings where data is abundant structured and consistently updated. These 

models assume stable sales patterns reliable data flow and access to advanced ERP sys-tems 

which is not the case for small and medium sized Indian retailers. Several works emphasize 

that modern forecasting frameworks of- 

ten overlook contextual factors that significantly influence consumption in India such as 

cultural diversity festival periods and climate varia-tions. Although state of the art models 

like LSTM GRU and ensem-ble based approaches demonstrate strong predictive capabilities 

they require large datasets high computational resources or complex parame-ter tuning which 

makes them impractical for smaller stores with limited digital infrastructure. 

Another major gap is that most research focuses mainly on improv-ing forecasting accuracy 

while neglecting real time operational needs such as automated stock alerts procurement 

assistance supplier notifi-cations and role based inventory workflows. These elements are 

critical for local stores where owners often perform multiple responsibilities and lack 
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specialized technical staff. 

Therefore there is a clear research gap in developing a lightweight AI driven inventory 

management system that can operate effectively on limited data while integrating localized 

seasonality festival trends and practical ERP like functionalities. This gap highlights the 

need for solutions tailored specifically for small and medium Indian retailers which existing 

academic work has rarely addressed directly. 

1. Dataset Generation 

In the absence of a publicly available structured retail dataset repre-senting small and medium 

scale Indian Kirana stores a synthetic dataset generation framework was designed and 

implemented. The goal of this approach was to simulate real world inventory transactions 

while in-corporating the unique temporal cultural and behavioral patterns that influence 

consumer demand in the Indian retail ecosystem. Similar syn-thetic approaches have been used 

in earlier forecasting research when real data was limited. 

The generator developed in Python produces two years of daily transactional data spanning 

from October 2023 to October 2025. It synthesizes records for 50 distinct products grouped 

under five cate-gories including Dairy Beverages Snacks Staples and Personal Care. Each 

record captures product attributes selling price stock availability and corresponding daily 

sales quantity. Unlike generic synthetic data generators this framework emphasizes 

contextual realism by embed-ding region specific demand drivers such as festivals seasonal 

shifts and weekly shopping trends. 

 

Figure 1: Dataset Generation Flowchart 
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To capture the natural variability of small retail operations the gener-ation algorithm combines 

probabilistic modeling with rule based adjust-ments. The base demand for each product is 

initialized using a Poisson distribution which ensures realistic count based variations. 

Category specific elasticity coefficients are applied to reflect heterogeneous con-sumer 

sensitivity. This mirrors approaches suggested in retail analytics literature where category 

behavior is treated independently due to vary-ing demand responsiveness. 

Festival influence is modeled through custom impact multipliers which amplify demand in 

specific categories depending on the event type. Snacks and Beverages see sharp demand 

surges during Diwali and Holi while Staples show moderate rising patterns across most 

festivals. These impacts are controlled using temporal decay factors so that pre festival and 

post festival periods also reflect measurable but reducing effects. Seasonal modifiers adjust 

category sales patterns throughout the year such as higher Beverage demand during summer 

and increased Dairy consumption during winter. 

To increase authenticity day of week adjustments are included be-cause consumer shopping 

patterns typically peak during weekends or festive eves. Price variability and promotional 

events are introduced us-ing controlled Gaussian noise which influences demand and profit 

mar-gins. The generation pipeline was iteratively validated against real retail benchmarks 

including average basket sizes category share proportions and seasonal amplitude ranges to 

maintain statistical consistency. 

Overall this approach ensures the creation of a statistically rich do-main aware dataset that 

captures both predictable and unpredictable sales behavior in Indian retail stores. The 

generated dataset supports the training and evaluation of machine learning models for 

demand forecasting and provides a scalable foundation for future research in AI driven 

inventory optimization. 

Model Selection and Training 

1.1 Overview 

Accurate demand forecasting depends heavily on selecting models that can capture seasonality 

non linearity festival driven fluctuations and pricing effects. Prior studies highlight the 

effectiveness of tree based ensembles and gradient boosted algorithms in retail forecasting 

tasks due to their strong predictive stability and ability to handle heteroge-neous tabular data. 

In this work four machine learning models were evaluated: Linear Regression Random 

Forest Support Vector Regres-sion XGBoost LightGBM and CatBoost. The system 

primarily relies 

on three advanced boosting models namely LightGBM XGBoost and CatBoost due to their 

superior performance on structured retail datasets. 

1.2 Model Justification 

The selected algorithms were chosen based on their ability to model festival influenced retail 

behavior price sensitivity and temporal pat-terns: 

• XGBoost: Uses level wise tree growth and regularization which helps capture 

non linear and interaction effects effectively. It has been widely used in retail forecasting 
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research. 

• LightGBM: Employs leaf wise tree growth which improves ac-curacy while 

reducing training time. Its histogram based ap-proach is efficient for large datasets and is 

known for high speed and low memory usage. 

• CatBoost: Designed for categorical heavy datasets and handles combinations 

and interactions automatically. It reduces overfit-ting through ordered boosting and is 

particularly effective when category level variations influence demand which is common in 

Indian retail. 

Traditional models such as Linear Regression and SVR were unable to capture high variance 

non linear temporal behavior. Random Forest showed moderate accuracy but failed to 

generalize consistently across product categories. Deep learning based approaches such as 

LSTM re-quire substantially larger datasets and training complexity which is im-practical for 

small to medium stores. 

1.3 Stacking and Ensemble Architecture 

To enhance robustness a three model ensemble was built using Light-GBM XGBoost and 

CatBoost as base learners. Multiple ensemble strate-gies were evaluated including: 

• Simple averaging of predictions 

• R2 weighted averaging 

• RMSE optimized weighted averaging using constrained minimiza-tion 

• Meta learning using Ridge Regression in a Stacking framework 

Figure 2: Stacking Ensemble Architecture combining LightGBM, XG-Boost and CatBoost 

Earlier studies show that hybrid boosting ensembles often outper-form individual learners in 

multivariate seasonal retail datasets. The stacking ensemble was observed to provide the most 

balanced general-ization across all product categories. 

1.4 Dataset and Feature Engineering 

The dataset contains approximately 36,500 rows representing 50 products over a period of 

730 days. Extensive feature engineering was performed to capture weekly monthly festival 

based and pricing fluctu-ations. The feature set includes: 
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• Temporal features: day week month season year weekend flags cyclical 

encodings 

• Lag features: 1 day 3 day 7 day 14 day 21 day and 30 day lagged sales 

• Rolling statistics: moving averages standard deviation quantiles and volatility 

• Event indicators: festival flags festival proximity and festival based price 

shifts 

• Discount related features: discount percent interactions price elasticity 

indicators 

• Category and product encodings: target encoding and product category 

interactions 

• Trend indicators: week over week month over month and accel-eration 

metrics 

This feature design aligns with literature emphasizing the need for temporal and festival 

aware features in retail forecasting. 

1.5 Model Training and Hyperparameter Optimization 

Each model was optimized using Grid Search and early stopping: 

• LightGBM: tuned with 64 leaves depth 8 learning rate 0.03 sub-sampling and 

strong regularization 

• XGBoost: depth 8 learning rate 0.03 column sampling gamma regularization 

and histogram based tree method 

• CatBoost: 2000 iterations depth 8 ordered boosting L2 regular-ization and 

optimized learning rate schedule 

A time based train validation split was used with the last 30 days reserved for validation 

which is consistent with good practices for fore-casting models. 

1.6 Performance Evaluation 

Models were evaluated using RMSE MAE MAPE and R2. The en-semble outperformed 

individual models with an R2 score close to 0.96. CatBoost provided strong category specific 

accuracy LightGBM con-tributed speed and stability and XGBoost captured complex non 

linear interactions. 

 

Figure 3: Model Performance Comparison 
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1.7 Interpretability and Business Insights 

Feature importance analysis from all three boosting models indi-cated that lag features 

festival indicators discount percent rolling aver-ages and seasonal variables were the most 

impactful predictors. This aligns with prior observations in retail forecasting studies where 

tem-poral cycles event driven demand and pricing strategies influence sales patterns. 

In summary the tri model ensemble leveraging LightGBM XGBoost and CatBoost provides a 

highly accurate efficient and generalizable forecasting solution suitable for small and medium 

sized Indian retail-ers. 

2. Inventory Management 

The inventory management component forms the operational back-bone of the proposed 

system bridging predictive analytics with day to day retail activities. It translates model 

driven demand forecasts into actionable processes such as procurement planning stock 

updates and 

role based control mechanisms. The design emphasizes modularity ac-cessibility and 

automation ensuring that even small and medium scale retailers can manage inventory 

operations efficiently with minimal man-ual intervention. 

2.1 System Architecture and Role-Based Access 

To maintain operational clarity and security the system follows a role based architecture 

comprising three primary entities: Manager Biller and Customer. Each role is associated with a 

distinct set of permissions and workflows to ensure transparency and accountability. 

• Manager: Holds complete administrative access. The manager oversees 

supplier relationships monitors live inventory levels and responds to automated low stock 

notifications generated by the forecasting module. The manager can manage billers and cus-

tomers view the analytics dashboard approve or modify purchase orders monitor store wide 

KPIs and access forecast based re-order recommendations generated by the ML model. The 

man-ager dashboard is data rich with sales charts product performance insights and category 

trends. 

• Biller: Acts as the operational link between online and offline transactions. In 

offline mode the biller performs real time billing updates inventory records and ensures 

accurate stock deduction after every sale. For online orders the biller receives the digital 

order list packs the items verifies availability and marks the order as completed. The system 

synchronizes both online and offline stock changes instantly to prevent mismatches. 

• Customer: Customers interact with the system through two chan-nels. Offline 

customers purchase products directly at the store and their bills are processed instantly by the 

biller. Online cus-tomers browse the product catalog add items to the cart place or-ders make 

payments and collect their packages once the biller prepares them. This dual channel system 

ensures unified inven-tory tracking regardless of where the sale originates. 
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2.2 AI-Driven Stock Monitoring and Procurement 

The inventory subsystem is tightly integrated with the predictive model discussed in 

Section 4. Forecasts generated by the LightGBM XGBoost CatBoost ensemble guide the 

replenishment mechanism. When predicted demand exceeds current stock thresholds the 

system triggers a low stock alert notifying the manager and recommending optimal re-order 

quantities. These alerts consider seasonality festival proximity sales velocity and historical 

consumption patterns. 

Stock ordering follows a two tier mechanism: 

1. Automated Procurement: For high demand essential or fast mov-ing items the 

system automatically generates purchase orders to approved suppliers reducing manual 

workload. 

2. Manual Procurement: For less frequent or new products the manager 

reviews the AI recommendation before finalizing the or-der. 

All transactions whether automated or manual are logged with times-tamps user details and 

product metrics to ensure traceability. 

2.3 Supplier and Notification Management 

A dedicated supplier management module allows the manager to register categorize and 

monitor suppliers based on reliability lead time pricing and product categories. The system 

sends automated notifica-tions to the manager for: 

• Low stock and out of stock alerts 

• Delayed supplier deliveries 

• Forecast based reorder reminders 

• Sudden spikes in consumption 

These automated notifications enhance store responsiveness and re-duce dependency on 

manual supervision. 

2.4 Operational Workflow 

Figure 4 illustrates the functional workflow of the proposed inven-tory management system 

integrates predictive analytics stock monitor-ing billing operations and supplier management 

into a unified architec-ture. The workflow begins with daily sales transactions which are pro-

cessed by the forecasting model. Predictions flow into the procurement module where the 

manager decides automated or manual execution of purchase orders. Throughout this pipeline 

real time dashboards provide visibility into inventory health sales behavior and supplier 

performance. 
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Figure 4: Workflow of the proposed AI-powered light-weight inventory management system. 

2.5 Advantages and Practical Implications 

The integration of predictive analytics and role based access control significantly enhances 

retail efficiency. Key advantages include: 

• Reduction in Stock Imbalance: Forecast driven replenishment reduces both 

overstocking and understocking. 

• Operational Transparency: Clear role segregation ensures ac-countability 

and prevents data conflicts. 

• Real Time Decision Support: Automated alerts and analytical dashboards 

enable quick responses to market fluctuations. 

• Scalability: The system architecture supports seamless extension to multi store 

environments through centralized synchronization. 

• Unified Omni Channel Management: Inventory is consistently updated 

across both online and offline sales. 

In essence the inventory management module provides a robust op-erational framework that 

unifies predictive analytics stock monitoring procurement workflows and user management 

into a cohesive ecosys-tem suitable for modern Indian retail environments. 

3. Future Enhancements and Research Suggestions 

While the proposed system effectively addresses single store inven-tory forecasting several 

future enhancements can extend its practicality and scalability for medium scale retail 

environments. A key direction is the incorporation of multi store integration enabling 

analysis of de-mand patterns across regions and optimizing inter store stock transfers. 
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Integrating customer sentiment and behavioral analytics using NLP can also refine forecasts 

by capturing changing preferences and purchase patterns. Event driven demand prediction 

can also be incorporated to model spikes caused by cricket matches elections sports finals 

celebrity endorsements flash sales and festival weekends similar to how quick commerce 

apps such as Blinkit Zepto and Zomato experience sudden consumption surges. 

Practical improvements include real time inventory tracking through barcode or RFID scanning 

ensuring instant synchronization between digital and physical stock. Coupling this with POS 

system integration 

can automate billing linked stock updates reducing manual errors. Ad-ditionally mobile 

accessibility for managers and billers through a dedi-cated app would enable approvals alerts 

order monitoring and reporting from anywhere providing real time operational flexibility. 

Expanding the system to support quick commerce workflows such as rapid pick-ing 

optimized routing and slot based order scheduling could further strengthen the online order 

handling pipeline. 

The system can further include role based notifications for low stock alerts pending deliveries 

high demand events or supplier delays pro-moting faster decisions. Enhancing procurement 

through supplier per-formance analytics a unified purchase order dashboard and automated 

GRN (Goods Received Note) validation can streamline restocking and improve supplier 

reliability. The addition of expiry and batch track-ing for perishable goods would prevent 

losses and enable timely clear-ance through targeted offers or automated discount 

recommendations. ERP centric functions such as audit logs inventory valuation GST ready 

sales reports handling product returns and tracking damaged stock can strengthen 

transparency and compliance. 

For data driven decision making automated performance reports summarizing sales stock 

turnover working capital cycle profit margins and category trends can help managers evaluate 

operational efficiency. Hosting the system on a cloud based platform can support multi user 

access multi store synchronization and remote operations without com-plex infrastructure. 

Finally introducing a stock substitution recommen-dation engine for out of stock items and a 

predictive maintenance mod-ule for in store devices such as barcode scanners POS terminals 

and printers can improve reliability and customer satisfaction. 

In summary these enhancements would make the system more adap-tive automated and 

accessible transforming it into a practical AI driven ERP platform capable of supporting 

medium scale retail stores and quick commerce operations with real time 

intelligence.Conclusion 

This study presented an intelligent AI driven inventory management and demand forecasting 

framework tailored for small and medium In-dian retail stores. By combining predictive 

analytics with lightweight ERP features the system bridges the gap between manual inventory 

practices and complex enterprise solutions. The proposed tri model en-semble using 

LightGBM XGBoost and CatBoost demonstrated strong forecasting performance with an R2 

value close to 0.96 confirming ob-servations reported in earlier machine learning based retail 

studies. 
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Through contextual feature engineering that incorporates festival trends pricing variations 

seasonal effects and lag based behaviors the model captures both short term fluctuations and 

long term consumption cycles. The system integrates these forecasts with practical retail work-

flows such as stock monitoring procurement automation and supplier management which are 

essential for ensuring availability and reducing operational inefficiencies. 

Beyond prediction accuracy the system contributes to improving day to day retail operations 

through role based access real time dash-boards automated low stock alerts online order 

fulfillment and unified inventory synchronization across offline and online channels. These ca-

pabilities empower retailers to make proactive decisions improve cus-tomer satisfaction and 

optimize working capital usage. 

Overall this work demonstrates the value of accessible AI driven tools in transforming small 

retail stores into data informed environ-ments. The research establishes a strong foundation 

for extending the system toward multi store networks quick commerce operations and full scale 

ERP capabilities in future developments. 
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