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Abstract—The demand for e-commerce platforms that can handle a lot of users and work well is getting bigger. This has shown that the old way of building these platforms called architectures is not good enough. It has trouble handling lots of users making changes and keeping the system running.To fix these problems this paper talks about building an e-commerce web application using microservices architecture and the MERN stack. The MERN stack includes MongoDB, Express.js, React.js and Node.js. We broke down the parts of the application such as logging in managing products using the cart processing orders, handling payments and sending notifications into smaller services. Each service has its database so they can work independently and do not affect each other.We also used an API Gateway to manage requests from users route them to the service and keep the system secure. This makes it easier for users to interact with the system and gives us control.To see if our approach works we tested the system with amounts of users and looked at how well it performed. We checked things like how it takes to respond how much work it can handle and how much resources it uses. The results show that while the old monolithic systems work well when there are not users, microservices-based systems are better when there are a lot of users. They can handle users are more flexible and can recover from problems better.This study shows that using microservices with the stack is a good way to build modern e-commerce applications. However it also shows that we need to be careful, with how complex the system's how the services talk to each other and how we deploy them so the system works as well as it can.
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I. INTRODUCTION
The growth of shopping has increased the need for websites that can handle a lot of traffic big sets of data and users who want to interact with them in different ways. Old ways of building websites, where everything is put together in one piece often have trouble keeping up with these needs because they are not very flexible all the parts are connected too closely and it is hard to keep the code up to date.When the system gets more complex these problems get worse. The website does not work as well as it should and it takes longer to make new things.So nowadays people who build software like to use something called microservices architecture, where the website is broken down into pieces that can be worked on and updated one by one which makes it easier to handle and make changes to the website.Digital commerce platforms like these need to be able to handle a lot of traffic and datasets and microservices architecture is a good way to make that happen because digital commerce platforms are all, about being able to handle a lot of users and a lot of data at the same time.
Microservices architecture is really good for making systems more flexible. It does this by breaking down the system into parts, called services that can work independently. Each service does one job and talks to other services using simple methods like RESTful APIs. This makes the system more able to handle changes in workload. What users need. If one service has a problem it does not affect the system as much.
The people who have studied microservices before have found that they make systems more scalable and easier to maintain especially when used in distributed and cloud-based environments [1] [2]. Microservices are also more practical now because of containerization technologies and orchestration platforms. These technologies make it easier to deploy microservices and manage resources across machines. This is why microservices architecture is a choice, for building systems that need to be flexible and able to handle a lot of users.
Microservices have some things going for them but they also make things more complicated. This is especially true when it comes to microservices talking to each other, getting them set up, and how well they work. Some studies have found that when things are not busy, big systems that are all one piece can actually work better because they do not have to spend time talking to other parts [3], [5]. But when things get really busy and a lot of people are using them at the time, microservices can handle it better because they can just add more power as needed [3], [5].This does not happen on its own though. It depends a lot on how the system is designed, how the services are set up, and what the underlying infrastructure is [9]. Also, systems that use microservices often use resources because of the extra work of talking to each other and moving things around [9].So when you are designing applications that need to handle a lot of users, you have to be careful to balance being able to change things with being able to work efficiently [3], [5], [9]. Microservices need to be set up in a way that makes sense for the problem you are trying to solve, and you have to think about how microservices will affect the performance of your application [3], [5], [9].
The MERN stack is really popular for making web applications. It includes MongoDB and Express.js and React.js and Node.js. People like it because it uses JavaScript and you can make things quickly. The MERN stack is great for making full-stack applications.. Most of the time people use it to make simple things or big things that are all connected.There are not studies that look at how the MERN stack works with microservices architecture for big e-commerce applications. Most of the research that's out there does not have a lot of numbers to back it up. It also does not show how things work in the world especially when a lot of people are using it at the same time or when it is used on many computers [6] [8]. The MERN stack is still a choice, for making web applications.
This gap shows that we need to find a way to design and test big applications that use lots of small services like those made with MERN. We need to look at how these applications work when we use many small services together. Now we do not have much information about using MERN to make applications with many small services and also checking how well they work. We need to check things, like how it takes for the application to respond how much work it can do and how many resources it uses. If we do this we can understand how the choices we make when building the application affect how well it works and how big it can get in applications that people use. We need to focus on MERN and microservices to make this happen.
In response to these challenges this research presents the design and implementation of an e-commerce web application using the MERN stack. The proposed system uses a service-oriented architecture. In this architecture core functionalities like authentication, product management, cart operations order processing and payment handling are implemented as services. Each of these services has its database. An API Gateway manages client requests. Routes them to the right services. This ensures that there is one entry point, for clients and the system is well organized. The system is deployed using containerization. This allows for scaling and efficient management of resources. The e-commerce web application and its services are built to scale as needed. This scalable e-commerce web application uses the stack to handle challenges. The MERN stack helps in building an efficient system.
This study takes a look at how the proposed architecture works when it has to handle different amounts of load. We look at things like how long it takes to get a response how much work it can do, how much the computer is being used and how much memory it needs. We do this to see if the system can handle a lot of work and if it is efficient. The study compares what we found out with what other people have discovered. This helps us understand the bad things about using microservices architecture for MERN-based e-commerce applications. We want to give people who build these applications some ideas to think about. We are talking about microservices architecture, for MERN-based e-commerce applications and how it really works.
This work has a main things to offer. First it shows how to design a system for online shopping using the MERN stack. The MERN stack is used to make this system for shopping. Then it explains how to make services that work on their own and have their own databases so the system can handle a lot of users and keep running even if one part breaks. The MERN stack is still used for this system. Lastly it checks how well the system works when it has to handle amounts of users and traffic. The results of this study should help people who make websites and do research make choices about how to design their systems and what technology to use for websites that need to handle a lot of users. The MERN stack and online shopping systems are what this study is about.
[bookmark: _drgw9135d83w]II. LITERATURE REVIEW
The way software architecture has changed from systems to microservices has been looked at a lot in recent studies. This is especially true when it comes to making systems bigger, easier to maintain, and able to work with distributed systems. Some important studies show that microservices architecture lets us break down applications into smaller services that work on their own. Each microservice is in charge of a part of the business. This way of doing things makes systems more flexible and allows us to update each service independently, which makes the whole system better at adapting to change [1].Microservices architecture is really good for applications that need to be able to grow and change. When we move from monolithic systems to microservices, we can use resources better and make systems more scalable. This is especially true when we use cloud-based platforms and distributed systems [2]. All of these studies together show that microservices are a way to design modern large-scale applications. Microservices make it easier to maintain and grow systems, which is why many researchers consider microservices the preferred approach for large applications.
A lot of the research looks at how monolithic and microservices architectures compare. When we test them we see that monolithic systems usually work faster and use resources better when they do not have a lot of work to do. This is because the different parts of the system do not have to talk to each other much. On the other hand, microservices architectures work really well when they have to handle a lot of work and many users at the same time. This is because microservices architectures can add power by spreading across many machines [3] [5]. There is a downside to microservices architectures. They are more complicated because the different parts have to talk to each other which can be hard to manage. Also, microservices architectures need equipment to work properly. So we can see that microservices architectures are better in some situations. It depends on what kind of work they have to do and how they are set up. Microservices architectures are not always better than systems. It really depends on the situation and what the microservices architectures are being used for. Microservices architectures have to be used in the way to be helpful.
Microservices are compared to systems in more detail with metrics like how long it takes to respond, how much work can be done, and how much of the computer’s CPU and memory are used [6], [9]. These studies show that microservices are better at handling a lot of work and can keep going even if one part stops working. They use more resources than other systems. This is because they need containers and have to talk to each other over a network, which takes extra time and energy.Other research on using containers, like Docker, to set up systems shows that it can make things more consistent and able to handle work, but it can also make performance vary depending on how the system is set up and how big it is [6]. This means we have to be careful when deciding whether to use microservices because we have to balance being able to handle a lot of work with being efficient. Microservices need to be looked at to see if they are worth using because microservices can be good but also have some problems.
The design and breakdown of microservices architectures are really important for how the system works and how easy it is to maintain. When models for software quality are considered, defining the boundaries for each service is crucial for making sure the services work well together and do not rely too much on each other [4]. If the services are not broken down correctly, it can cause a lot of communication between services, which increases the time it takes for things to happen and makes the whole system more complicated. So microservices architecture is successful when it is designed and put into action effectively, not just when the decision is made to use it [4].
When thinking about microservices systems consider the architecture. Some studies have suggested ways to test how well microservices systems work in controlled environments. To do this they compare how the same application works when it is built using microservices and when it is built using an architecture. This comparison gives us information, about how the system behaves when it has to handle different amounts of work.These studies show that microservices work well in environments that are distributed and based in the cloud. This is because microservices can be easily scaled up to handle demand [7] [8]. However these studies also have some limitations. For example the experimental setups are often too simple. They do not accurately reflect the patterns of traffic that we see in the real world. Additionally they do not fully consider how all the different parts of the system work together. This means that we cannot automatically assume that the findings of these studies will apply to all microservices systems.
There is a lot of research there but we still have a big problem to solve when it comes to using microservices architecture with the MERN stack and other modern full-stack technologies. Most of the time people are just comparing architectures or looking at how they work in one specific programming environment. They are not really thinking about what makes JavaScript-based full-stack development special. We also need research that looks at how things work in real life and checks to see how well they perform, especially when it comes to big e-commerce applications that need to be able to handle a lot of traffic. A lot of the research that's out there does not include important parts, like API Gateways, databases that are managed separately for each service and deploying the whole system using the latest development stacks. The MERN stack is really important here. We need to think about how microservices architecture works with the MERN stack.
The gap shows that we need to look at the picture and combine microservices architecture with modern development frameworks. We also need to check how well it works in life. Specifically we do not know much about how MERN-based microservices systems work when it comes to handling a lot of users responding quickly and using resources wisely when they are used for e-commerce platforms. It is very important to understand this so we can make decisions, about how to design real world applications. MERN-based microservices systems are what we need to focus on to see how they really work.
The current study is trying to solve some issues. It is trying to build an e-commerce web application using the stack. This MERN stack application will have parts that work on their own an API Gateway and different databases for each part. The main goal of this study is to use what we learn about architecture in school and apply it to building something. We want to see how the things we learn in theory actually work when we build the stack application. The study will also take a look at how well the MERN stack application works by looking at numbers and metrics. This will help us understand how microservices work with the stack and microservices architecture when we build web applications, with the MERN stack and microservices architecture.
[bookmark: _j2k5q4fhu5qn]III. PROPOSED SYSTEM ARCHITECTURE AND METHODOLOGY
This study is about a way to build an e-commerce website using the MERN stack. It uses something called microservices. This means the website is made up of independent parts that work together. Each part can be. Scaled on its own without affecting the rest of the website.The system is designed to fix the problems of style websites that are, like one big block. This new way is better because it uses resources efficiently and if one part of the website has a problem it does not bring down the whole website. The MERN stack is used to build this e-commerce website with microservices. This way of building websites follows some established guidelines [1] [4].
[bookmark: _8otyx97thc30]A. System Architecture Overview
The new system is made up of small parts that work together. These parts are called microservices. Each microservice does a job for the business. This way of building the system is good because it lets us work on each part separately. We can also put each part into use on its own. Make it bigger or smaller as needed. Lots of people think that microservices are an idea because they make it easier to develop and scale the system. The microservices system has advantages, such, as modular development and flexible scalability, which are benefits of using microservices  [1], [4].
Each service works on its own so if something goes wrong it does not affect the services. This is different from the way of doing things, where everything is connected (monolithic) and a problem in one area can cause problems everywhere. The new way means that if one service has a problem it will not cause problems, for the system. This makes the system stronger and easier to take care of [2].
The frontend layer is developed using React and interacts with backend services exclusively through an API Gateway. This abstraction layer simplifies client communication and provides a centralized mechanism for request handling and system control.
[bookmark: _z186fwlpshkw]B. API Gateway and Communication Model
The API Gateway is where all client requests go to. It handles a things like routing and making sure people are who they say they are. The API Gateway also sends requests to where they need to go. This makes things easier, for the client. Helps keep the whole system organized. The API Gateway also helps keep everything secure and makes it easier to monitor what is going on with the API Gateway and the system.
The system uses APIs to talk to different services. This way is chosen because it is simple and works with other systems, especially the MERN ecosystem [1] that uses JavaScript. Even though REST can slow things down a bit compared to talking within the process it is still a good choice for systems that are spread out when we use smart routing and keep the amount of data small. The system uses APIs for communication, between services because it is a simple and practical way to do things.
Standardized API contracts are defined to make sure that all services communicate with each other in a way.This practice helps to reduce coupling between services.It also allows services to change and improve on their own without affecting parts of the system.This is really important, for building systems that can grow and handle load [4].
[bookmark: _demp6px14o9]C. Service Decomposition and Functional Design
The system is divided into multiple microservices, each adhering to the single-responsibility principle to maintain clear functional boundaries.
· The authentication service manages user identity, registration, and authorization using token-based mechanisms.
· The product service handles product catalog operations, including creation, updates, and retrieval.
· The cart service maintains user-specific cart data and supports dynamic updates.
· The order service processes transactions and coordinates order workflows.
· The payment service is responsible for secure transaction handling and payment integration.
· The notification service manages asynchronous communication such as order confirmations.
This decomposition ensures that each service remains focused and independently scalable. Proper service granularity is carefully maintained to avoid excessive fragmentation or unintended coupling, both of which can negatively impact system performance and maintainability [4].
[bookmark: _ftu0c3cvi6qi]D. Data Management and Persistence Strategy
The proposed architecture uses a database for each service so each small part of the system has its database with MongoDB. This way each small part of the system does not have to share data with parts and it can work on its own. The database-per-service pattern makes the system better because it can handle work and it is less likely to fail. The database-, per-service pattern improves the scalability of the system and the fault tolerance of the system[2].
The thing about distributed transactions is that they can really slow things down and make the system less efficient. So the design does not use coupled transactional mechanisms. The system uses an approach called consistency. This means that the system manages data synchronization across services, at the application level. This is what people usually do when they design distributed systems. It helps the system work well when a lot of things are happening at the same time. Distributed transactions are not used because they can introduce overhead. Instead the system uses consistency to support high scalability under concurrent workloads [3].
[bookmark: _8w772ye0pew7]E. Containerization and Deployment Strategy
Docker is used to make sure all services work the way in different environments. This is done by putting each service and the things it needs into a container. This way Docker makes it easy to move services around. It reduces problems that happen because of the environment. Docker services are, like packages that have everything they need so they can work properly anywhere.
The system is made to help with scaling. This means you can use instances of services to deal with more traffic. The way the containers are managed lets you scale up or down based on how busy the system's. This is really important for shopping applications that get a lot of traffic. Some studies have shown that using containers, with microservices makes the system more scalable and helps use resources when there are a lot of different tasks to handle [7] [8].
Docker Compose use to manage all the containers. This way our system can still work with big systems that help us make it bigger and stronger when we are ready to use it for real.
[bookmark: _r5iucqiih37m]F. Security and Middleware Integration
Security is something that we take seriously. The system has layers to keep everything safe. The API Gateway is, like a gatekeeper that checks if you are who you say you are. It uses something called JSON Web Tokens or JWT for short to make sure that only people who are allowed can get to the backend services. This way we do not have to repeat the security checks over and over again. The API Gateway does it all for us, which makes it a lot easier to manage who can access what. The Security system and the API Gateway and JSON Web Tokens all work together to keep the Security of the system strong..
[bookmark: _gc9mdigyeprj]G. Performance Evaluation Framework
To assess the effectiveness of the proposed architecture, a structured performance evaluation framework is established. The system is tested under varying load conditions to analyze its behavior in both low-traffic and high-traffic scenarios.
Key performance metrics include:
· Response time
· Throughput (requests per second)
· CPU utilization
· Memory consumption
· System scalability under concurrent users
Load testing is done using tools, like Apache JMeter. These tools help simulate real-world traffic.We run the test times to get consistent and reliable results. This is because performance can vary a lot in microservice-based environments [3] [9].
Prior research shows that microservices can cause work when things are slow because they have to talk to each other.. When things get really busy microservices are actually better at handling the load because they can process things in different places [5],[8] and add more power as needed. The evaluation we are proposing is going to check if this is true, for a MERN-based e-commerce website.
[bookmark: _aat94soyu8is]H. Contribution and Research Gap Alignment
The new system is going to fix some problems that people have found in other research. A lot of studies give us ideas. Compare things in a controlled way but there is not much research that looks at how things work in the real world. See the MERN stack and microservices work together in an application and how well they perform. The MERN stack is a part of this and we want to know how it works with microservices. Then make analysis of how well the MERN stack and microservices perform together.
This work contributes by:
· Designing a complete microservices-based e-commerce architecture using MERN
· Implementing a practical, modular, and scalable system
· Conducting systematic performance evaluation under realistic workloads
· Bridging the gap between conceptual research and real-world application deployment
[bookmark: _fiufizhrdaqt]IV. IMPLEMENTATION DETAILS
The proposed system is implemented as a distributed microservices-based e-commerce platform using the MERN stack, with a clear separation of concerns across independent services. Each service is designed, developed, and deployed as an autonomous unit, enabling modular development, scalability, and independent lifecycle management, as emphasized in microservices-based system design principles [1], [4].
[bookmark: _y7vcipmeefo5]A. Service Implementation Strategy
Each microservice is made using Node.js and Express.js. It follows a structure that has different parts, like controllers and services and models and routes. This helps to keep each part separate so the whole thing is easy to maintain. The different services talk to each other using APIs. This is a way for them to communicate with each other in a system that has many parts[1]. Node.js and Express.js help make this work. RESTful APIs are a choice because they are easy to use and many people use them already.
The authentication service takes care of user registration, login and authorization using JSON Web Tokens. It checks user sessions to make sure they are valid and keeps protected routes. The product service is in charge of managing the catalog, which includes creating products getting products and updating products. The cart service and the order service do the thing for user transactions making sure everything is consistent, within each service.
To keep services each microservice connects to its own database.This approach spreads out data management. Cuts down on dependencies, between services.It also matches what experts recommend for building microservice architectures [4] that can grow and handle load.This way each microservice manages its database instance.It helps to keep the microservices from getting tangled up with each other.
[bookmark: _6w40kkut57b3]B. API Gateway Integration
An API Gateway is like a door for all requests from clients. It sends these requests to the right backend services. This makes it easier for clients to interact with our system and hides how complicated the internal services are.
The gateway also checks if the requests are valid, before sending them to the services. This way we do not have to check each request times and we can make sure everything is secure. Using an API Gateway is what people usually do when they have small services working together it helps handle requests better and keeps the system organized [2].
[bookmark: _lt4nehnmnwtd]C. Frontend Implementation
The React.js frontend is made to be easy to use on devices and it looks really good. We use parts that can be used again to make the frontend work well and to keep everything organized. The React.js application talks, to the backend services using something called Axios to make sure everything works together seamlessly through the API Gateway. The React.js frontend really needs the API Gateway to help it talk to the backend services.
State management is handled with the React Context API. This API keeps track of authentication details and user session data throughout the application. Do protected routes to limit access, to authenticated users. This makes the application more secure. Improves the user experience.The React Context API plays a role in managing the authentication state and user session data.
[bookmark: _9m19pneve7jt]D. Containerization and Deployment
Having Docker to put all our services in containers. This means that everything works the way in different places. Each small part of our system or microservice gets its container. This helps keep everything and makes it easier to get things set up and running. We have microservices. These microservices run in their own containers, which is really helpful..
Docker Compose helps to manage services at once. It lets containers start up and talk to each other at the time.This makes it easier to set up and deploy applications [3],[7]Using Docker Compose is good, for DevOps because it helps with deploying distributed applications.It is used a lot with tools.Docker Compose works with many services.
[bookmark: _3luk2xmmgoi1]E. Inter-Service Communication
Communication between services happens through REST APIs over HTTP. This method does add some work compared to systems that are all in one [3], [9]. It makes it easier to make changes and allows each service to be scaled on its own. Past research shows that a bit of communication time is okay for better scalability and modularity in systems that are spread out [3], [9].
[bookmark: _fthz7mvl0ewi]F. Performance Testing Implementation
To see how well a system works we do something called load testing. Use tools like Apache JMeter to do this. The system is put under amounts of work to measure things like how long it takes to respond how much work it can handle, how much the computer is being used and how much memory it needs.
The testing process involves simulating concurrent users accessing different services simultaneously through the API Gateway. This approach reflects real-world usage scenarios and enables evaluation of system behavior under stress conditions.
The collected metrics are analyzed to compare system performance characteristics with findings from existing studies. Prior research indicates that microservices may introduce additional overhead under low workloads but demonstrate superior scalability and efficiency under high traffic conditions [5], [8], [9].
[bookmark: _tmofa822dztq]G. Logging and Monitoring
A logging system is set up to keep track of how services working. It uses shared tools to log things like requests, errors and how services talk to each other. This helps with finding problems and understanding how well the system is performing.
Add  monitoring tools to keep an eye on the systems health and how much resources its using. This can be done with cloud tools or special tools for containers. Monitoring is really important, in systems because there are many services interacting with each other in different environments [6].
[bookmark: _cs73tep9edd5]V. RESULTS AND PERFORMANCE EVALUATION
The performance of the proposed microservices-based e-commerce system is looked, at closely through testing how it handles a lot of work and checking system metrics. The main goal of this evaluation is to see how well the microservices-based e-commerce system can handle a lot of users and work how fast it. How well it uses its resources when it has a lot of work to do. This is done to compare the behavior of the microservices-based e-commerce system with what other people have found out about microservices.
[bookmark: _pfipeig7azoa]A. Experimental Setup
The system uses containers to run its services.Each service works on its own within a Docker setup..The Docker environment helps services work independently.Docker Compose is used for controlled execution and communication between services.The system relies on Docker and Docker Compose
Performance testing is done using Apache JMeter. It simulates users making requests to the system at the same time through the API Gateway.We design test scenarios to mimic how real users behave.These scenarios include: browsing products, adding items to the cart, placing orders, with Apache JMeter and API Gateway.
The evaluation focuses on the following performance metrics:
· Response Time
· Throughput (requests per second)
· CPU Utilization
· Memory Usage
These metrics are widely used in existing studies for evaluating distributed systems and microservices architectures [3], [8].
[bookmark: _x2zw7k6iw79z]B. Test Scenarios
To ensure comprehensive evaluation, the system is tested under three different workload conditions:
1. Low Load Scenario
 A small number of concurrent users (e.g., 10–50 users) interact with the system.
2. Moderate Load Scenario
Medium concurrent users (e.g., 100–200 users) simulate realistic traffic conditions.
3. High Load Scenario
 A large number of concurrent users (e.g., 500+ users) test the scalability limits of the system.
These scenarios allow observation of system behavior across different operational conditions, similar to benchmarking approaches used in prior research [5], [9].
[bookmark: _r084s2g6d7qy]C. Performance Results
[bookmark: _bc3e39irwj69]1. Response Time Analysis
The proposed microservices-based e-commerce system works well when it is not busy. It can handle requests quickly because the different parts of the system can talk to each other easily.When more people start using the system at the time it takes a little longer to respond. This is because the different parts of the system have to communicate with each more.When a lot of people are using the system it still works pretty well. The microservices-based e-commerce system can handle a lot of work because it can spread the work across different parts.Look at Fig 1, you can see that the microservices-based e-commerce system gets a little slower when a lot of people are using it.. It stays stable and does not get too slow.The old kind of system called a system gets much slower when a lot of people are using it. This means it is not very good, at handling a lot of work at the time and it is hard to make it work better by just adding more power [3] [5].

[image: ]
Fig. 1. Response Time of Microservices vs Monolithic System under Varying Concurrent Users.
 The figure illustrates the average response time of the proposed microservices-based e-commerce system compared to a monolithic architecture across different levels of concurrent users, highlighting the stability and scalability of the microservices approach.
[bookmark: _g188yvbjij0t]2. Throughput Evaluation
The system can handle requests per second when there are more users. This is because the system can process requests at the time when there are a lot of users. The system can handle requests when there are a lot of users and the system is working hard.As See in Fig. 2 The system made up of services can handle a lot more requests than a big system (monolithic) that does everything by itself. This is especially true when the system is working hard.The small services system is good, at handling a lot of requests at the time. This shows that a system made up of parts can handle requests better when it needs to be big [8].
[image: ]
Fig. 2. Throughput of Microservices vs Monolithic System under Varying Concurrent Users.
The figure illustrates the throughput comparison between microservices and monolithic architectures under increasing concurrent user loads, highlighting the superior scalability and parallel processing capability of the microservices-based system.
[bookmark: _8wpc2ustq16z]3. Resource Utilization
When the microservices-based e-commerce system is really busy it uses the CPU and the memory. This is because each part of the microservices-based e-commerce system works on its own and uses its resources. So the whole microservices-based e-commerce system uses a bit CPU and memory than a regular system (monolithic).The microservices-based e-commerce system is better because if one part of the microservices-based e-commerce system has problems it does not affect the parts of the microservices-based e-commerce system. The microservices-based e-commerce system can also handle users easily.As seen in Fig 3 and Figure 4 when more users are on the microservices-based e-commerce system the CPU usage goes up slowly. The memory usage also increases in a way.These figures show that even though the microservices-based e-commerce system uses resources overall it stays stable and works well when a lot of people are using the microservices-based e-commerce system which is not always the case with regular systems (monolithic) that can get slow when a lot of people are on them at the same time.The microservices-based e-commerce system is better, at handling traffic [9] .[image: ]Fig. 3. CPU Utilization of Microservices vs Monolithic System under Varying Concurrent Users.
The figure illustrates CPU usage trends across different levels of concurrent users, highlighting distributed resource consumption and improved scalability of microservices.[image: ]Fig. 4. Memory Utilization of Microservices vs Monolithic System under Varying Concurrent Users.
The figure shows memory usage trends under varying loads, emphasizing that microservices allocate memory independently for each service, ensuring stability and fault tolerance under high concurrency.
[bookmark: _f6yue1fv1uhu]4. Scalability Analysis
The system can handle users at a time by using multiple machines to do the work.This way the system does not get overwhelmed.Each part of the system can be scaled up or down without affecting parts.So the system does not have the problems that large all-in-one systems have.The results show that systems made up of services work well when many people use them.This confirms what other studies have found, such as the ones, in [5]. [8].
[bookmark: _pkuwoqaftams]D. Comparative Discussion
The results of the experiment show that there is a difference between monolithic and microservices architectures. Monolithic systems are good when it comes to speed because they do not have to communicate much. This means they can respond quickly when there are not people using them. However monolithic systems have a time handling a lot of users at the same time.
In contrast the microservices system we are talking about takes a little longer to respond because it has to communicate more.. It is very good, at handling a lot of users and it is also very flexible and reliable. This is what other studies have found too. They say that microservices architectures are the way to go for complicated applications [3] [7].
[bookmark: _7rs2ccq9y4ad]E. Key Observations
The following observations can be derived from the performance evaluation:
· Microservices architecture maintains stable performance under high concurrent workloads
· Response time increases with load but remains within acceptable limits
· Throughput improves significantly due to parallel processing
· Resource consumption is higher but distributed across services
· The system demonstrates strong horizontal scalability
These observations validate the effectiveness of the proposed architecture for building scalable e-commerce platforms.
[bookmark: _evbchawjjt84]F. Summary of Findings
The performance evaluation confirms that the implemented system successfully achieves the primary objective of scalability while maintaining acceptable performance levels. Although the architecture introduces some overhead due to inter-service communication, the benefits in terms of scalability and modularity outweigh these limitations.
The results are consistent with existing literature, reinforcing the suitability of microservices architecture for modern web applications requiring high scalability and flexibility [3], [8], [9].
VI. CONCLUSION
This study is about creating an online shopping website using the MERN stack. The MERN stack is used to make a website that can handle a lot of users and work well even when it is very busy.The old way of building websites is not good for websites with many users. So we made this website with many small parts that work together.These small parts do things like help users log in manage products handle shopping carts, process orders and take payments.This makes the website better because each part can work on its own. If one part has a problem it does not affect the parts.Use API Gateway which help the different parts of the website talk to each other and, to users. This makes it easier for users to use the website and helps the website handle a lot of users at the time.
The way they did things showed that using a database for each service and putting everything in Docker containers made a difference. This made it a lot easier to get everything set up right every time. It also made it possible to add power when it was needed. Each service worked on its own, which meant that people could work on set up and make each service bigger without affecting the services and that is really important, for applications that have to handle a lot of users.
The performance analysis gave us a lot of information about how the system works when it has to handle amounts of work. when the system is not very busy the microservices make it work a bit harder to talk to each other.. When the system gets busier it can actually handle a lot more work use its resources better and scale up really well. Looked at things, like how it takes for the system to respond how much work it can handle and what resources it uses and all of these things showed us that spreading the work across the microservices is a good idea. The microservices performance was better because the system can handle work when it is busy. The system and the microservices work well together to make this happen..
The study also found some problems. These problems include systems that're too complicated services that have trouble talking to each other and needing more equipment and space. These problems show that we need to design services in a way figure out better ways for them to communicate and make sure we are using our resources correctly. The study really highlights the importance of service design and proper resource management, for services. Services need to be designed in a way that makes sense and resources need to be managed for services to work well..
So the MERN stack and microservices architecture work really well together for building modern e-commerce applications. This system is good because it takes ideas about architecture and actually makes them work in life. It also looks at how the system performs..
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