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 A B S T R A C T 
Supply chain systems in the current world economy are subject to complex issues that require improved solutions to increase 

the system's flexibility. Therefore, this paper focuses on the advancement of full-stack development technologies and edge 
computing for the development of efficient supply chain systems. Utilizing Angular, .NET Core, and Node. In combination with 
JS for unobtrusive backend and frontend coupling as well as for computing at the edge in real-time, this platform enhances the 
supply chain. Some of the key characteristics include stock management in real-time mode, sales anticipation, and decision-
making automation. The integration of these technologies will bring better operational efficiency, cost optimization and supply 
chain resilience.
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1. Introduction
The modern environment of supply chain management is, 

indeed, complex and fluctuating. Hazardous events, including 
natural calamities, political instabilities, as well as outbreaks such 
as the current COVID-19, affect the supply chain significantly. 
Specifically, conventional supply chain architectures do not 
possess the flexibility and real-time nature needed to address 
such disruptions1.

New possibilities in establishing a reliable supply chain 
information system involve further developments of full stack 
development and edge computing. Full-stack development 
technologies and tools include Angular, dot NET, and other 
technologies. NET Core, and Node. This will enable the 
development of comprehensive, expandable applications in 
the forward supply chain, improving cooperation in the chain. 
Because edge computing performs calculations at the edge, it 
diminishes latency, which is vital for sustaining supply chain 
stability in disruptive circumstances1.

The following paper develops a framework for the use of 
these technologies in the supply chain where issues like real-
time inventory management, analytics, and decision-making are 
discussed.

2. Problem Statement
The current systems of supply chains are accompanied by 

several vital issues that affect the smooth running, effectiveness, 
and recovery of the supply chains. These issues are further 
amplified, especially during supply chain disruptions by factors 
such as natural disasters, geo-political instabilities, and world 
crises such as the existing COVID-19 pandemic. The problems 
are a short supply of real-time information about inventory 
positions, insufficient and often inaccurate forecasts, and slow 
decision-making.

2.1. Failure to provide real-time data on stock sports clothing

It is common in traditional supply chain systems to have 
batch-style processing at every method that updates inventory 
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data. This means that the organisation has the wrong stock levels 
for products making a negative direct impact on operational 
costs and customers’ satisfaction. Since supply chain managers 
cannot monitor the inventory levels in real-time, they cannot 
plan for the stock in advance; instead, there is the monitoring 
of the inventory supply in the organization on a reactive basis1.

2.2. Inadequate predictive analytics

Most of the existing supply chain systems have limited or no 
advanced analytics for demand forecasting. These systems fail 
to integrate historical data and current market conditions while 
estimating the demand, resulting leading to poor estimates. This 
is because poor demand forecasting will mean that resources 
are either producing more than what the market requires or the 
market requires what the resources are not producing. Lack of 
forecast metrics is also another factor that hinders the chances 
of identifying breakdowns in advance and therefore, the supply 
chain’s resiliency is prejudiced2.

2.3. Slow Decision-Making Processes

Consequently, supply chain systems that entail centralized 
data processing are not effective for fast decision-making. 
The long time taken in receiving and analyzing data hampers 
the quick identification of changes in the environment, such 
as threats such as interruptions of supply channels or shifts in 
demand patterns. This slow chain of action means that the supply 
chains are not able to make quick changes where necessary thus 
giving them low flexibility and responsiveness.

Overcoming these challenges provides a broad perspective 
that demands coordination of top-notch full-stack development 
and edge computing technologies. 

By implementing real-time inventory tracking, advanced 
predictive analytics, and faster decision-making processes, 
supply chains can become more resilient and capable of 
thriving in an increasingly complex and unpredictable global 
environment.

3. Solution
To overcome these problems, we introduce an intelligent 

supply chain system, which is based on full-stack development 
and edge computing.

3.1. An out-of-the-box web application development using 
Angular and. NET Core, and Node.js Backend Management. 
NET Core

NET Core offers a robust backend framework that supports:

Order Management: Effectively manages the services that 
involve the placement, modification, and/or deletion of orders.

User Authentication: It offers secure accessibility of the 
resources to the users while protecting the privacy of the data 
and the functionality of the system.

Integration with Third-party Services: Ensures simple interaction 
with suppliers, distributors, and logistics service providers.

Interactive UI with Angular

Angular provides a dynamic, user-friendly interface that 
includes: Angular provides a dynamic, user-friendly interface 
that includes:

Dashboard: Provides near-real-time information concerning 

inventory status, orders, and when delivery will be completed.

Notifications: Informs the users of various important events, 
such as when stocks are low or when shipments are delayed.

Feedback Collection: Enables the collection and organization of 
user data for a particular service standard so that improvements 
may be made.

Live data handling with the help of Node.js

Node. js supports real-time data processing, enabling:

Data Synchronization: Makes sure that the inventories and 
orders’ status are accurately updated in every system in real time.

Scalability: Effectively processes large transactions and data 
which are much needed in large-scale operative l supply chain 
environments.

3.2. Edge Computing for Real-time Processing Edge 
computing enhances the platform by:

Reducing Latency: Operates on data closer to the source, 
which makes then decisions at a faster rate.

Enhancing Reliability: It will continue to run as well as 
process information even when it is not connected to the central 
server; important in times of network breakdowns3.

Supporting IoT Integration: Enables constant tracking of 
assets contextualized by the IoT sensors’ physical environment.

4. Figures and Visuals

Figure 1: System Architecture Overview.

5. Uses
5.1. Real-time Inventory Tracking

Thus, keeping a perfect check on the inventory has now 
become vital for organizations, especially in today’s complex 
business world. To maintain real-time information, the platform 
involves edge computing and different IoT sensors. Edge 
computing entails the processing of data at the endpoint of the 
data origin so that information is rapidly analyzed and used. 
Through physical IoT sensors installed in the supply chain, 
inventory levels and other vital indices are constantly assessed3.

It increases the efficiency of keeping records of stock, hence 
minimizing cases of stock-out and overstocking. A stockout 
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means that the firm loses the opportunity to sell its products and 
customer dissatisfaction occurs, On the other hand, overstocking 
implies that the firm has absorbed a great deal of capital in 
inventory and additional costs incurred for storage. Thus, by 
avoiding these scenarios, the platform contributes to the need’s 
optimal fulfilment for businesses and minimizes costs for 
customers.

Figure 2: Real-time Inventory Tracking Interface.

Figure 3: Predictive Analytics Dashboard.

Figure 4: Edge Computing Workflow.

Besides, real-time tracking of inventory also helps in demand 
forecasting and in the distribution of inventory that is available. 
It helps a business understand the pace at which inventories 
are being used up and when exactly they need to order more. 
This capability proves most helpful in a business environment 
characterized by demand uncertainty, so a setting like retail 
and manufacturing is the best candidate for this feature, for it 
connects with stakeholders and provides precisely updated info 

regarding the inventory and service levels to meet customer 
expectations.

5.2. Predictive Analytics

Based on the historical data, the platform applies the 
techniques of machine learning to perform predictive analytics. 
Due to the high accuracy in calculating sales based on past 
performance, the market trends and all the relative factors, the 
platform can predict the future demand well. Business on the 
other hand is a set of activities aimed at achieving the goals of 
using large volumes of data to deliver renewed outcomes as a 
result of predictive analytics.

Demand forecasting provides vital information on when to 
produce specific goods, how much stock to hold, and where to 
deliver them. This allows a reduction of waste through the timely 
and proper making of stock as well as the availability of stock 
where it is most needed. This capability is especially beneficial 
in industries where the products are likely to go bad soon or have 
a very short life, such as perishable food and beverages4.

Moreover, the statistical approach allows you to find patterns 
and outliers to improve the analytical models and to notice 
potential risks, which might be connected with supply chain 
interruption or a change in customer preferences. Logically, 
the proper management of those issues will help to avoid 
disruptions, maintain organizational and production flow, and 
improve adaptability to the market. It also helps to raise levels 
of service while simultaneously increasing the effectiveness and 
reliability of the supply chain.

5. 3. Automated Decision-Making

The use of automatic decisions increases the flexibility 
and the speed of response by the supply chain on the platform. 
Automated decision-making uses pre-defined policies and 
software to carry out augmented tasks with little or no 
interference from human beings. For instance, it can generate 
purchase orders when inventories reach bare essentials and other 
stock-outs, stock-outs which implies that the products should be 
ordered to restock the inventory and satisfy customers’ needs 
once more4.

Another area of using automated decision-making is in cases 
where there is a disruption of delivery routes by, for instance, 
carrier congestion or a calamity such as a flood. The platform 
is capable of capturing real-time information concerning the 
shipment and is capable of identifying the most efficient route 
hence reducing time delays. This capability minimizes the use of 
such decision-making models since they can take time to devise, 
and can be liable to error, whereas advanced decision-making 
puts businesses in a position to seize opportunities or alter their 
strategies as and when these are called for.

Automation also extends to other areas of the supply 
chain, such as quality control and compliance monitoring. By 
continuously monitoring key performance indicators (KPIs) and 
regulatory requirements, the platform can automatically trigger 
corrective actions or alerts when deviations are detected. This 
proactive approach helps maintain high standards of quality and 
compliance, reducing the risk of costly recalls or penalties.

5.4 Pseudocode for Predictive Analytics Algorithm

// Step 1: Initialize
Load dataset
Initialize variables
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// Step 2: Data Preprocessing
Clean dataset
Normalize data
Split into training and testing sets

// Step 3: Define Model
Create model architecture with input, hidden, and output layers

// Step 4: Compile Model
Set loss function, optimizer, and evaluation metrics

// Step 5: Train Model
Fit model using training data over multiple epochs

// Step 6: Evaluate Model
Test model accuracy with testing data

// Step 7: Check Accuracy
If accuracy meets the threshold, save the model
Else, tune hyperparameters and retrain

// Step 8: Make Predictions
Load new data
Use model for predictions

// Step 9: Deploy Model
Deploy trained model in a production environment

// Step 10: Setup Pipeline
Establish data input and prediction output pipeline

// Step 11: Monitor Performance
Continuously monitor model performance

// Step 12: Handle Performance Degradation
Retrain the model with new data if performance drops

// Step 13: Integrate Feedback
Incorporate user feedback to improve predictions

// Step 14: Automate Retraining
Schedule periodic retraining with updated data

// Step 15: Log Results
Maintain logs of model predictions and performance metrics

In sum, this type of platform’s advantages for businesses 
includes real-time inventory monitoring, predictive analysis, and 
automatic implementation of optimal solutions. These aspects 
improve the operations, and customer outlook since they facilitate 
the right stock holdings, demand prediction, and supply chain 
adaptability. Therefore, with these specific and sophisticated 
technologies, an organisation can sustain its appropriate position 
in a fast-growing market and offer customers higher value.

6. Impact
1. Operational Efficiency

It accurately improves some functions that include inventory 
management and decision-making, hence boosting operational 
efficiency. The advantage of using real-time data processing with 
the help of edge computing and IoT sensors is the platform’s low 
latency in processing and responding to the data. This capability 
enables businesses to adjust quickly and respond to shifting 
customer trends or any other forces that may affect the supply 
chain, for instance, transport hitches or demand increases. Tasks 
that involve decision-making include reordering a product 

when the stock hits a certain limit or changing the route of 
consignment based on real-time scenarios, therefore minimizing 
the involvement of a superior. As such, there are improvements 
in business operations, minimal interruptions, and efficiency in 
the use of resources needed to enhance general efficiency.

6.2. Customer Satisfaction

Improvements in the rectification of inventories and 
forecasting analysis make it possible for businesses to order 
stocks more in tune with the market. This alignment minimizes 
time wastage and ensures that a firm’s products are stocked 
in the necessary places at the right time, thereby increasing 
delivery reliability. Through regularly satisfying customer needs 
and delivering on-time, accurate shipments, businesses can 
improve the quality of the service, which is one of the primary 
determinants of consumers’ satisfaction and their consequent 
loyalty5. The potential of the platform is to form trust and positive 
communication with the target audience, which contributes to 
the rapid increase in sales, and, accordingly, in the company’s 
market position.

6.3. Sustainability

Thus, the optimization of routes and inventory is the 
mechanism through which the platform enforces and encourages 
sustainable supply chain practices among the actors it connects. 
When there are too many inventories that need to be transported, 
and if this transport has not been optimized and done in the 
most environmentally friendly way, it results in a lot of waste 
and a negative impact on the environment therefore, optimizing 
inventories and transport routes, there will be a reduction 
on waste, and henceforth, a more environmentally friendly 
business operation will have been achieved. Real-time data 
handling means that potential decisions can be modified about 
other real-time changes, for example, in terms of fuel or storage 
space usage. It does so have substantial efficiency, not only 
about environmental concerns but also regarding increased 
regulatory and customer expectations of environmentally 
friendly processes6. The incorporation of sustainability goals 
in managing organizations can improve the organizations’ 
responsibility to the environment, and make the company more 
appealing to green-minded consumers, meaning that it has a 
more competitive advantage in the market.

To sum up, the application under discussion yields definite 
benefits associated with enhancing operational efficiency, 
customer satisfaction, and sustainability5. Through the use of 
top-notch technologies in business management, operational 
efficiency and ecological responsibility can be enhanced which 
would lead to increased performance and business outcomes. 
These improvements help companies to prepare for market 
challenges and at the same time, return value to society and the 
environment.

7. Scope
7.1. Scalability

Scalability is the core concept that stands behind the 
architecture of the platform, which will accommodate new needs 
of the supply chain network and amounts of data accumulating 
over time. Of primary importance to this flexibility is the 
program’s modular structure, which permits the integration of 
new functionality into an existing system without upsetting 
the ongoing processes. Over time and as enterprises and their 



5

Thatavarthi NLS., J Artif Intell Mach Learn & Data Sci | Vol: 2 & Iss: 1

supply chains expand and become more intricate, the platform 
can expand in both capacities, both horizontally by adding more 
nodes to the current platform for functionality of the new data, 
and vertically, by increasing the possibilities of expansions to 
the current nodes. They help in maintaining the stability of the 
platform as well as efficiency if operations are to scale up.

Also, it is scalable and hosted entirely on the cloud, which 
allows business users to modify resources in response to the 
business flow. This capability is most useful during peak 
use, including festive seasons or any special offer that most 
organizations give to their customers, as the latter may increase 
the workload significantly without affecting service delivery. 
The growth capability of the platform provides a consistent 
and high level of performance and reliability to satisfy business 
owners’ decisions and investments for business growth and 
market development.

7.2. Integration with Emerging Technologies

The design of the platform involves future compatibility with 
any other technology on the market to make its functionality 
change on this platform. An important one is blockchain, 
which ensures the application’s security and increases the 
transparency of the data in it. In turn, based on the blockchain 
facility, the platform will be able to ensure referential integrity 
to transactions and, thus, generate trust among the stakeholders. 
This transparency becomes more useful in industries where 
there is a huge emphasis on where things have come from and 
who was involved, this includes the pharmaceutical industries 
and the food chain industries.

Besides, the platform leverages enhanced artificial 
intelligence adopted under the blockchain platform to improve 
the effectiveness of predictive analysis and decision-making. 
This means that AI algorithms are capable of handling big data 
information processing more professionally, and this means that 
they are capable of coming up with better insights and more 
accurate forecasts. Such higher-level analyses allow companies 
to manage their operations and even anticipate the trends that 
are quite likely to manifest in the markets soon. Integration of 
AI also enables intelligent automation, wherein the platform can 
make changes in strategies as well as processes based the real-
time data to become more adaptive and flexible.

Additionally, the software is open, which increases 
compatibility with outside factories and other technologies 
that might be added in the future. Such openness enables 
businesses to better integrate the best innovations in supply 
chain management and functioning, which results in keeping up 
to date with advances in the technological field.

In conclusion, this paper presents a general outline for the 
platform based on the scale and flexibility provided by the 
system’s integration of cutting-edge technologies to unlock the 
advanced capabilities of supply chain management. It is more 
flexible and can be updated over and over following the industry 
trends and technologies which in return creates growth and 
efficiency for businesses6.

8. Conclusion
For full-stack development and edge computing, the smart 

supply chain platform is proposed to solve the difficulties of 
today’s supply chain. By integrating the most modern endorsed 
technologies like Angular, NET Core, and Node. With the support 
of JS, and edge computing, the platform offers highly effective 
solutions for real-time inventory management, prediction, and 
decision-making. They go a long way in improving efficiency 
by cutting back on response time to changes in the market and 
any market shocks7.

Furthermore, given forecasting abilities, there is likely 
to be a closer approximation of supply to fulfil demand, 
enhancing service delivery and consumer satisfaction. Such 
integration of sustainability measures, including those that can 
help to optimize the routes to be travelled together with the 
inventories to be ordered, moreover demonstrates the platform’s 
environmental conservation measures that seek to minimize 
waste and emissions. The flexibility of the platform, coupled 
with compatibility with new technologies such as blockchain 
and AI guarantees the platform is optimized for change and 
stays relevant to the current and future needs of supply chain 
management.

It can be stated that it provides a fresh view of how 
technology can be effectively implemented to enhance supply 
chains’ agility, robustness, and productivity7. Due to its ability to 
solve existing and potential problems, the platform is considered 
a breakthrough in the field as it encompasses all the necessary 
components for supply chain management in one place and 
serves as a forecast for what this field needs in the future.
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