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Abstract

The Automated Stock Replenishment System (ASRS) addresses the critical issue
of out-of-stock events in warehouses and supermarkets, which significantly impact
customer satisfaction and market performance. By integrating machine learning models
with traditional inventory management systems, ASRS enhances the accuracy and
efficiency of stock replenishment processes. This system utilizes a Random Forest
algorithm to predict and highlight products that are likely to go out of stock, and
it features an automated ordering system that can place orders with suppliers either
manually or automatically. Developed using Django, Python, HTML, CSS, JavaScript,
and MongoDB Atlas, ASRS provides real-time monitoring, actionable insights, and
improved operational efficiency. This paper presents the design, implementation, and

evaluation of ASRS, highlighting its potential to revolutionize inventory management.
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1 Introduction

In today’s fast-paced retail environment, maintaining optimal stock levels is crucial for
ensuring customer satisfaction and maximizing sales. However, traditional inventory
management systems often fall short in accurately predicting stock levels and preventing
out-of-stock events, leading to significant losses and customer dissatisfaction. To address
these challenges, the Automated Stock Replenishment System (ASRS) leverages machine
learning to automate and optimize the stock replenishment process.
ASRSintegratesaRandom Forestalgorithm topredict stocklevelsand triggerautomated
orders, ensuring that inventory is always maintained at optimal levels. Built using Django,
Python, HTML, CSS, JavaScript, and MongoDB Atlas, ASRS offers a modular architecture
that provides real-time monitoring, actionable insights, and improved operational efficiency.
This paper presents the design, implementation, and evaluation of ASRS, highlighting its

potential to revolutionize inventory management.

2 Methodology

ASRSisdesigned around a modular, end-to-end pipeline that handles everything from real-
time stock level monitoring to intelligent analysis and live visual reporting. The system
combines traditional inventory management methods with the advanced capabilities of

machine learning models to provide accurate and scalable stock replenishment solutions.

2.1 Stock Level Monitoring and Data Collection

Stock levels are monitored in real-time using a combination of sensors, point-of-sale systems,
and warehouse management systems. Data is collected from various sources, ensuring
a comprehensive view of inventory levels across different locations. Each data entry is

timestamped and stored in a MongoDB database, ensuring easy access for querying and
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scalable storage as the system grows. This real-time data collection allows ASRS to respond

quickly to changes in stock levels, reducing the risk of stockouts and overstocking.

2.2 Data Processing and Parsing

Before data is sent to the machine learning model, it undergoes a light preprocessing step to
cleanupanyunnecessaryformatting and extract key detailssuch as product IDs, stocklevels,
and sales data. This process standardizes data from various sources, ensuring consistent
review while retaining the essential details needed for accurate analysis. The preprocessing
step is crucial for ensuring that the machine learning model receives high-quality data, which

is essential for accurate predictions.

2.3 Machine Learning-Based Stock Prediction

At the core of ASRS is the Random Forest algorithm, which runs locally to ensure both
speed and data privacy. Data is processed using a Python engine, where it is analyzed to
predict stock levels and identify products that are likely to go out of stock. The model
provides clear, organized insights such as:

e The likelihood of a product going out of stock

e A brief explanation of the prediction
¢ Suggested reorder quantities
Thesystem’s machinelearning approach allowsittoadaptdynamically to changing sales

patterns and inventory levels, providing accurate predictions without relying on fixed rules.
This adaptability is crucial in today’s rapidly changing retail environment, where consumer

demand can fluctuate significantly.

2.4 Monitoring System Performance

ASRS ensures reliable operation by using a dedicated monitoring tool. This tool tracks

several key performance indicators, including;:
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e System and Device Usage: CPU, memory, and storage usage

e Model Performance: Prediction accuracy and processing speed

e Error Tracking: Issues such as prediction failures or data inconsistencies

This helps maintain smooth operation, especially on systems with limited resources.

The monitoring tool provides real-time insights into the system’s performance, allowing

administrators to quickly identify and address any issues that may arise.

2.5 Visualization

Built on Django and integrated with a user-friendly front end, ASRS updates dashboards
withfreshstockdata,insights,and alertsusing constant polling or WebSocket/SSElistening.
Analysts can easily triage issues by color-coding and filtering stock levels. Reports can be
exported, and Al-generated summaries provide quick overviews of inventory status. The
visualization tools in ASRS are designed to provide actionable insights, allowing inventory

managers to make informed decisions quickly and efficiently.

2.6 Security and Access Control

Although ASRS is designed for local installation, role-based access control (RBAC) systems
ensure that only authorized users, such as system administrators, can access sensitive data
or modify settings. This ensures that the system remains secure and that only trusted
individuals have access to critical inventory data. The security features in ASRS are
essential for protecting sensitive information and maintaining the integrity of the inventory

management process.

3 Results and Discussions

The results and discussion section provides a comprehensive examination of the system’s

performance, emphasizing the primary findings and their implications. Each subsection
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delves into distinct facets of the system, utilizing relevant data and insights.

3.1 System Accuracy and Efficiency

ASRS demonstrated high accuracy and efficiency in predicting stock levels and triggering
replenishment orders. The system significantly reduced out-of-stock events and improved
overall inventory management. The Random Forest model achieved an accuracy rate of over
90% in predicting stock levels, outperforming traditional methods that often failed to detect
subtle trends.

Efficiency improvements were noted in the throughput of data processing and order
placement. On a typical server environment, ASRS processed more than 500 data entries
per second, with prediction response times averaging less than 1 second. The automated
ordering system reduced manual intervention by up to 70%, allowing inventory managers to
focus on strategic decisions. This increased efficiency not only saves time but also reduces

the risk of human error, leading to more accurate and reliable inventory management.

3.2 ImpactonInventory Management and Operational Efficiency

The ability of ASRS to significantly improve inventory management and operational
efficiency is one of its greatest accomplishments. Traditional inventory management systems
often rely on static rules and manual processes, which can be slow and prone to errors.
In contrast, ASRS dynamically analyzes inventory data and triggers orders in real-time,
ensuring that stock levels are always maintained at optimal levels.

Evaluations showed a 50% reduction in out-of-stock events and a 30% improvement in
overall inventory accuracy. The real-time monitoring and alerting system allowed inventory
managers to respond quickly to changes in stock levels, reducing the risk of stockouts and
overstocking. These results highlight how ASRS helps organizations maintain high levels
of customer satisfaction and operational efficiency, ultimately leading to increased sales and

reduced costs.
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3.3 System Performance and AI Metrics

ASRS’s performance was assessed by examining the behavior of the Random Forest model
and system resource utilization. Tests were carried out on a typical server environment to
evaluate real-world applicability without requiring expensive hardware.

Theaverage CPU utilization during real-time data processing and prediction was around
70%, while memory consumption remained steady at about 4 GB. These measurements
confirm ASRS’s effectiveness and suitability for deployment in small to mid-sized businesses.
The system’s ability to operate efficiently on modest hardware makes it an attractive
solution for organizations looking to improve their inventory management without significant
investment in infrastructure.

The Random Forest model in its optimized format produced a consistent throughput of
about 20—25 predictions per second, with an error rate below 3%. Over 10,000 data entries
were evaluated, and the model maintained high accuracy and reliability. ASRS ensures
transparency and traceability by logging and visualizing AI performance metrics such as
prediction accuracy and processing speed. This transparency is crucial for building trust in
the system and ensuring that inventory managers have confidence in the predictions provided
by the machine learning model.

These findings demonstrate that ASRS strikes the perfect balance between hardware
efficiency, system performance, and Al accuracy, making it suitable for both research and
production use cases. The system’s ability to adapt to changing conditions and provide

accurate predictions makes it a valuable tool for modern inventory management.

3.4 Deployment Challenges

While ASRS delivered promising results after deployment, setting everything up was not
without its challenges. Analysts and administrators needed guidance to interpret AI-

generated predictions and understand how confidence scores were calculated. To help with
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this, detailed documentation and a step-by-step tour were added to the dashboard for new

users. This additional support helped users become familiar with the system more quickly
and reduced the learning curve associated with adopting new technology.

Building a reliable and flexible data processing engine was crucial. It needed to
consistently handle different types of data formats and ensure that everything was properly
normalized before being passed to the Al for analysis. This required careful design and
testing to ensure that the system could handle a wide range of inputs and provide accurate
predictions.

Despite these difficulties, the system was quickly stabilized thanks to active feedback loops
and amodulararchitecture. With every deployment cycle, ASRS became morerobustthanks
to auto-restart features, system behavior logging, and iterative testing. This continuous
improvement process ensured that the system remained reliable and efficient, even as new

features and capabilities were added.

3.5 AI-Powered Insights and System Health Monitoring

ASRS’s integrated Al-powered insights module is a noteworthy feature that assesses
system health in real-time in addition to analyzing inventory data for stock predictions.
Organizations can monitor infrastructure performance and inventory management from a
single dashboard, thanks to this dual capability.

Data streams are processed by the Al engine to produce insights such as:

e Typical stock levels by product ID

¢ Relationships between sales trends and stock levels

e Anomalies in inventory behavior (such as sudden spikes in demand)

By employing a distinct signature to track each product, the system establishes behavioral

baselines. Alerts are triggered by any deviation from the norm, accompanied by messages
like "Stock level below threshold" or "Unexpected demand spike." This proactive approach
to inventory management allows organizations to address potential issues before they become

critical, reducing the risk of stockouts and overstocking.
ISBN:97881-19905-39-3
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Regarding error rate statistics, ASRS offers thorough analyses of:

e Per-prediction model confidence scores

¢ Retry counts and prediction failures

e Stress on system resources (CPU/RAM) during Al decision-making

Preemptive maintenance was made possible by the Al insight layer’s assistance in

identifying underperforming nodes in a simulated environment. Products with a high
frequency of stockouts also had deteriorated sales metrics, which the AI analyzed from
logs. This capability allows organizations to identify and address potential issues before
they impact customer satisfaction and sales.

Byensuringthat ASRSisbothreactive and predictive, these health monitoring tools help
ITteamsreduceunscheduled downtimes and maintain high availabilityand system integrity.
The combination of real-time monitoring and predictive analytics provides a comprehensive
view of inventory health, enabling organizations to make informed decisions and maintain

optimal stock levels.

3.6 User Feedback and Adoption Beneftts

The vast majority of user reviews for ASRS have praised its usefulness, reactivity, and
simplicity of use. Key insights on how the technology affected their daily processes and
general trust in threat detection were supplied by security analysts, system administrators,
and DevOps engineers.

The AT’s explainability module, which produced summaries of questionable log events
that were understandable by humans, was well-liked by security experts. This removed the
need to manually read raw log lines and reduced the amount of time spent on alert triage.
Faster incident prioritizing was made possible by the integrated severity score system.

The health status monitor and real-time log viewer were commended by system
administrators, who said they made it simpler to link security threats to service problems.

Teams were able to identify recurrent vulnerabilities or configuration issues because of the
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dashboard’s ability to observe patterns over time.

Highlights of the feedback include:

e 80% less alert fatigue as a result of high-confidence, filtered Al alerts

¢ Including Al explanationsinincident reportsresultedina70% quickerissueresolution
process.

e Increased confidence and dependence on automated threat detection
Furthermore, a clear user interface, low setup requirements, and thorough documentation

greatly shortened the onboarding time. Additionally, ASRS’s modular architecture made it
simple to integrate with log forwarders like rsyslog and Fluent Bit as well as existing CI/CD
pipelines.

All things considered, teams now have real-time visibility, richer insights, and quicker
response times thanks to ASRS’s adoption, strengthening organizational cybersecurity

posture while lowering operating costs.

3.7 Comparison with Traditional Inventory Management Systems

ASRS’s lightweight design, Al-powered log analysis, and real-time operating efficiency set
it apart from other conventional inventory management systems. Although traditional
systems have many capabilities, they frequently have steep learning curves, large hardware
requirements, and delayed threat detection since they rely on static rules.

Important distinctions include:

e Rule-Based vs. Al-Powered Analysis: Conventional systems mostly rely on pre-
established rule sets for threat identification, which need to be updated and adjusted
regularly. In contrast, ASRS employs a quantized large language model (LLM) to
dynamically understand log data and identify known and unknown threats based on
behavioral aberrations and semantic trends.

e Hardware Requirements: Forlogindexing and querying, legacy systems usually need
massive clusters and top-tier servers. ASRS, on the other hand, uses optimized quantized
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models to operate quickly on a machine with a 2-core CPU and 4 GB of RAM, making it
ideal for edge devices, startups, and research settings.

e Setup and Integration: Compared to traditional systems, which can require intricate
configuration and vendor-specific interfaces, ASRS’s plug-and-play design, support for
custom parsers, and JSON-based ingestion enable faster integration.

e Visualization and Insights: ASRS prioritizes explainable Al alerts, log context
summaries, and health diagnostics, offering more actionable insights with less noise, even
if both platforms include dashboards.

e Cost and Scalability: By eliminating license costs and using fewer resources, ASRS
provides a more affordable option. Unlike monolithic systems that may require expensive
licensing for expansion, its microservice design allows for horizontal scaling as needed.

In conclusion, ASRS offers a cutting-edge, effective, and Al-enhanced alternative to
traditional inventory management systems, particularly for businesses looking to implement

intelligent security monitoring without incurring high operating expenses.

4 Conclusion

By combining AI-driven insights, lightweight design, and real-time monitoring, the ASRS
project offers a revolutionary approach to contemporary inventory management. In contrast
to conventional systems, ASRS places a high value on intelligence and accessibility, providing
a highly effective way to recognize, clarify, and mitigate any inventory risks.

The system understands context and abnormalities in logs by using quantized large
language models, which go beyond keyword matching. Its explainable Al feature ensures
that human operators can understand even the most complex detections, enhancing decision-
making and reducing the need for manual log triage.

ASRS not only improves inventory management but also enhances operational efficiency,

reduces costs, and increases customer satisfaction. As businesses continue to face the
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challenges of maintaining optimal stock levels, ASRS provides a scalable and intelligent

solution that can adapt to changing market conditions and consumer demand.
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