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Real-time communication systems are an integral part of 

modern web applications, requiring low latency, high scalabil- 

ity, and efficient resource utilization. Traditional HTTP-based 

communication models often fail to meet these requirements 

due to their request-response nature. This paper presents a 

scalable real-time chat system developed using the MERN 

(MongoDB, Express.js, React.js, Node.js) stack integrated 

with Socket.IO for bidirectional communication. 

To enhance system performance, Redis is incorporated as 

a caching and message brokering layer, supporting session 

storage, fast data retrieval, and Pub/Sub-based scalability. 

Additionally, a sentiment analysis module is integrated using 

an external API to analyze user messages in real time, enabling 

intelligent insights into user interactions. 

The proposed system supports one-to-one and group chat, 

online/offline user status, message delivery and seen indica- 

tors, and a dynamic user interface with dark/light theme sup- 

port. Experimental evaluation with concurrent users demon- 

strates improved response time and system efficiency due 

to Redis-based optimization. The system is designed to be 

scalable and suitable for handling real-time communication in 

modern web applications. 
Index Terms—MERN Stack, Real-Time Chat, Socket.IO, Re- 

dis, Sentiment Analysis, WebSockets, Scalable Systems 

 

I. INTRODUCTION 

Real-time communication has become a fundamental re- 

quirement in modern web applications, including messaging 

paltforms, collaboration tools, and social networking systems. 

These applications demand low latency, high scalability, and 

efficient handlnig of concurrent users. Traditional HTTP- 

based architectures rely on a request-response model, which 

introduces delays and limits real-time interactivity. 

With the advancement of WebSocket technologies, frame- 

works such as Socket.IO enable persistent bidirectional com- 

munication between clients and servers, making real-time 

messaging systems more efficient. However, challenges such 

as database bottlenecks, increased latency under high load, and 

lack of intelligent message processing still persist. 

Modern chat systems must also support multiple features 

such as group communication, user presence tracking, and 

message status indicators. As the number of users increases, 

the system must scale efficiently while maintaining perfor- 

mance and reliability. Direct database access for every request 

can lead to performance degradation, making optimization 

techniques essential. 

To address these challenges, this paper proposes a scalable 

real-time chat system using the MERN stack integrated with 

Redis for caching and Pub/Sub-based communication. Redis 

helps reduce database load, improve response time, and en- 

able horizontal scalability. Additionally, a sentiment analysis 

module is incorporated using an external API to analyze user 

messages and provide insights into user interactions. 

The proposed system supports one-to-one and group chat, 

real-time message delivery, online/offline status tracking, and 

message acknowledgment features. The integartion of Redis 

and Socket.IO ensures efficient communication and improved 

scalability. 

The main contributions of this work are as follows: 

 

• Design and implementation of a scalable real-time chat 

system using MERN stack. 

• Integration of Redis for caching, session management, 

and Pub/Sub-based scalability. 

• Implementation of real-time communication using 

Socket.IO. 

• Incorporation of sentiment analysis for intelligent mes- 

sage processing. 

• Development of a feature-rich chat system supporting 

group chat, user presence, and message tracking. 
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II. PROPOSED SYSTEM 

The proposed system is a scalable real-time chat application 

designed using the MERN stack architecture. It focuses on 

efficient communication, reduced latency, and scalbility for 

handling multiple concurrent users. 

The system integrates real-time communication, caching 

mechanisms, and sentiment analysis into a unified framework. 

It allows users to communicate seamlessly through one-to-one 

and group chat while maintaining system performance under 

load. 

The overall workflow of the system is as follows: 

• User authentication and session initialization 

• Establishment of WebSocket connection using Socket.IO 

• Real-time message transmission between clients and 

server 

• Temporary storage and caching of messages using Redis 

• Persistent storage of chat data in MongoDB 

• Sentiment analysis of messages using external API 

• Delivery of messages with status indicators (sent, deliv- 

ered, seen) 

A. Real-Time Communication Module 

Socket.IO is used to enable real-time, bidirectional com- 

munication between users. It ensures instant message delivery 

and supports room-based communication for group chats. 

B. Redis Integration 

Redis is used as a high-speed in-memory data store for 

caching frequently accessed messages, managing user ses- 

sions, and enabling Pub/Sub communication for scalability. 

This reduces database load and improves system performance. 

C. Database Management 

MongoDB is used for storing user data, chat history, and 

message metadata. It ensures persistence and supports flexible 

schema design for handling dynamic chat data. 

D. Sentiment Analysis Module 

The system integrates a sentiment analysis API to classify 

messages as positive, negative, or neutral. This enhances the 

system by providing insights into user interactions. 

E. User Interface Features 

The frontend is developed using React.js, providing a re- 

sponsive interface with features such as dark/light theme, real- 

time updates, and user-friendly interaction. 

III. SYSTEM ARCHITECTURE 

The system architecture of the proposed real-time chat 

application is designed as a scalable and modular client- 

server model. It integrates multiple components including the 

frontend interface, backend server, real-time communication 

layer, caching system, and database to ensure efficient and 

low-latency communication. 

The architecture follows a layered approach, where each 

component is responsible for a specific functionality, enabling 

maintainability and scalability. 

A. Architecture Overview 

The system consists of the following major components: 

• Client Layer (React.js Frontend) 

• Application Server (Node.js with Express.js) 

• Real-Time Communication Layer (Socket.IO) 

• Caching and Messaging Layer (Redis) 

• Database Layer (MongoDB) 

• Sentiment Analysis Module (External API) 

B. Working of the System 

The complete workflow of the system is described as 

follows: 

1) The user interacts with the frontend interface developed 

using React.js. 

2) HTTP requests such as authentication and data retrieval 

are handled by the Express.js server. 

3) A persistent WebSocket connection is established using 

Socket.IO for real-time communication. 

4) When a user sends a message, it is transmitted to the 

server through Socket.IO. 

5) The server processes the message and forwards it to 

Redis. 

6) Redis performs caching and uses Pub/Sub mechanisms 

to distribute messages across active users. 

7) The message is stored permanently in MongoDB for 

future retrieval. 

8) The sentiment analysis API processes the message and 

classifies it as positive, negative, or neutral. 

9) The processed message is delivered instantly to the re- 

cipient along with status updates (sent, delivered, seen). 

C. Component Description 

Client Layer (React.js): The frontend provides an inter- 

active user interface for chat functionality, including one-to- 

one chat, group chat, user presence indicators, and theme 

switching. It communicates with the backend through REST 

APIs and WebSocket connections. 

Backend Server (Node.js and Express.js): The backend 

handles API requests, user authentication, session manage- 

ment, and integration with other system components. It acts 

as the central controller of the application. 

Socket.IO Layer: Socket.IO enables bidirectional commu- 

nication between client and server. It supports event-driven 

messaging and allows the creation of chat rooms for group 

communication. 

Redis Layer: Redis is used for caching frequently accessed 

messages, managing user sessions, and enabling Pub/Sub- 

based communication. This reduces database load and im- 

proves performance under high traffic conditions. 

MongoDB Database: MongoDB stores user information, 

chat messages, and metadata. It ensures data persistence and 

supports scalable storage. 

Sentiment Analysis Module: An external API is used 

to analyze the sentiment of messages in real time. This 

module enhances the system by providing insights into user 

communication patterns. 
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D. Scalability Considerations 

The system is designed to handle multiple concurrent users 

efficiently. Redis Pub/Sub enables horizontal scaling by dis- 

tributing messages across multiple server instances. The use 

of caching reduces database queries, improving overall system 

performance. 

The modular architecture ensures that individual compo- 

nents can be scaled independently, making the system suitable 

for large-scale real-time applications. 

 

Fig. 1. System Architecture of the Proposed Chat Application 

 

IV. METHODOLOGY 

The proposed system follows a structured methodology to 

design and implement a scalable real-time chat application. 

The methodology focuses on efficient data flow, real-time 

communication, and performance optimization using caching 

mechanisms. 

A. System Design Approach 

The system is designed using a client-server architecture 

based on the MERN stack. The frontend handles user interac- 

tion, while the backend manages data processing, communica- 

tion, and storage. Real-time communication is achieved using 

WebSocket technology through Socket.IO. 

B. Message Flow Process 

The message transmission process follows a sequence of 

steps: 

1) The user sends a message through the React-based 

frontend interface. 

2) The message is transmitted to the backend server using 

Socket.IO. 

3) The backend processes the message and temporarily 

stores it in Redis cache. 

4) Redis Pub/Sub mechanism broadcasts the message to 

connected users. 

5) The message is then stored permanently in MongoDB. 

6) A sentiment analysis API is invoked to classify the 

message. 

7) The processed message is delivered to the recipient 

along with status updates. 

 

C. Caching Strategy 

Redis is used to reduce latency and database load by 

caching frequently accessed data such as recent messages and 

active user sessions. This ensures faster retrieval and improves 

system responsiveness. 

 

D. Scalability Strategy 

To support multiple concurrent users, the system utilizes 

Redis Pub/Sub for distributing messages across different in- 

stances. This allows horizontal scaling of the backend server 

without affecting performance. 

 

E. Sentiment Analysis Integration 

The system integrates an external sentiment analysis API 

to process chat messages. Each message is classified into 

predefined categories such as positive, negative, or neutral, 

enabling intelligent monitoring of user interactions. 

 

F. User Interaction Model 

The application supports multiple user interaction features, 

including one-to-one chat, group chat, user presence track- 

ing, and message acknowledgment. These features enhance 

usability and provide a complete real-time communication 

experience. 

 

V. IMPLEMENTATION 
 

The proposed real-time chat system is implemented using 

the MERN stack, integrating multiple technologies to ensure 

efficient communication, scalability, and performance opti- 

mization. 

 

A. Frontend Implementation 

The frontend is developed using React.js, providing a dy- 

namic and responsive user interface. It supports features such 

as one-to-one chat, group chat, online/offline status, message 

delivery indicators, and theme switching (dark/light mode). 

State management is handled efficiently to ensure real-time 

updates. Socket.IO client is integrated to establish a persis- 

tent connection with the backend server for instant message 

delivery. 

https://ijsrem.com/


         
                    International Journal of Scientific Research in Engineering and Management (IJSREM) 

                Volume: 10 Issue: 05 | May - 2026                           SJIF Rating: 8.659                                         ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                            |        Page 4 
   

B. Backend Implementation 

The backend is implemented using Node.js and Express.js. 

It handles API requests, user authentication, session manage- 

ment, and real-time communication logic. The server is re- 

sponsible for managing user connections and routing messages 

between clients. 

Socket.IO is integrated into the backend to enable event- 

driven communication. Each user is assigned a unique socket 

ID, and chat rooms are created for group communication. 

C. Database Implementation 

MongoDB is used as the primary database for storing user 

information, chat messages, and metadata. Collections are 

designed to efficiently handle message storage and retrieval. 

Indexing techniques are used to optimize query performance. 

D. Redis Integration 

Redis is implemented as an in-memory data store to improve 

system performance. It is used for: 

• Caching frequently accessed messages 

• Managing user sessions 

• Implementing Pub/Sub mechanism for real-time message 

distribution 

The use of Redis significantly reduces database queries and 

improves response time, especially under high user load. 

E. Real-Time Communication 

Socket.IO is used to establish a WebSocket-based commu- 

nication channel between clients and the server. It supports 

real-time messaging, event handling, and room-based commu- 

nication for group chats. 

Events such as message send, receive, typing indicators, and 

message status updates are handled efficiently using Socket.IO. 

F. Sentiment Analysis Integration 

The system integrates an external sentiment analysis API to 

process chat messages in real time. The API returns sentiment 

labels such as positive, negative, or neutral, which are then 

associated with each message. 

This feature enhances the system by enabling intelligent 

insights into user communication patterns. 

G. Performance Considerations 

The system is tested with concurrent users to evaluate its 

performance. Redis caching and Pub/Sub mechanisms signifi- 

cantly reduce latency and improve scalability. The architecture 

ensures efficient handling of multiple users while maintaining 

real-time communication. 

VI. RESULTS AND ANALYSIS 

This section presents the performance evaluation of the 

proposed real-time chat system. The system is analyzed based 

on latency, response time, and scalability under concurrent user 

load. The impact of Redis caching on system performance is 

also evaluated. 

A. Experimental Setup 

The system is tested in a controlled environment with 

multiple concurrent users connected to the server. The backend 

is implemented using Node.js and Socket.IO, while MongoDB 

is used for persistent storage. Redis is integrated for caching 

and Pub/Sub communication. 

The evaluation is conducted by simulating up to 100 con- 

current users performing real-time messaging operations. 

B. Latency Analysis 

Latency is defined as the time taken for a message to be 

delivered from sender to receiver. The system is tested under 

two conditions: with Redis and without Redis. 

 
TABLE I 

LATENCY COMPARISON WITH AND WITHOUT REDIS 
 

Number of Users Without Redis (ms) With Redis (ms) 
20 120 60 
50 220 110 

100 400 180 

 

The results indicate that Redis significantly reduces latency 

by minimizing direct database access and enabling faster 

message propagation. 

C. Response Time Analysis 

Response time refers to the time taken by the server to 

process a message request and send acknowledgment to the 

user. 

 
TABLE II 

RESPONSE TIME ANALYSIS 
 

Number of Users Response Time (ms) 
20 80 
50 150 

100 250 

 

The response time increases with the number of users, 

but remains within acceptable limits due to efficient handling 

using Socket.IO and Redis. 

D. Scalability Analysis 

The system demonstrates stable performance with increas- 

ing user load. The integration of Redis Pub/Sub allows efficient 

distribution of messages across users, ensuring that the system 

scales effectively. 

Even at 100 concurrent users, the system maintains real-time 

communication without significant delays or message loss. 

E. Sentiment Analysis Evaluation 

The sentiment analysis module classifies messages into pos- 

itive, negative, and neutral categories. The integration of the 

external API provides reliable classification without affecting 

system performance. 

The sentiment processing time is minimal and does not 

introduce noticeable delay in message delivery. 
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F. Graphical Analysis 

The performance improvements can be visualized using 

graphs: 

• Latency vs Number of Users Graph: This graph shows 

that latency increases with the number of users, but the 

increase is significantly lower when Redis is used. 

• Response Time Graph: This graph illustrates that re- 

sponse time grows gradually with user load, indicating 

efficient server handling. 

• Performance Comparison Graph: A comparison graph 

highlights the difference between systems with and with- 

out Redis, clearly showing improved efficiency in the 

proposed system. 

G. Discussion 

The results demonstrate that the integration of Redis im- 

proves system performance by reducing latency and optimiz- 

ing resource usage. Socket.IO ensures efficient real-time com- 

munication, while MongoDB provides reliable data storage. 

The system successfully handles concurrent users and main- 

tains consistent performance, making it suitable for scalable 

real-time applications. 

VII. DISCUSSION 

The experimental results demonstrate that the proposed 

real-time chat system achieves significant improvements in 

performance and scalability through the integration of Redis 

and Socket.IO within the MERN architecture. 

One of the key observations from the results is the reduction 

in latency when Redis is utilized. The caching mechanism 

minimizes direct database access, which is typically a bot- 

tleneck in real-time systems. By storing frequently accessed 

data in memory, Redis enables faster retrieval and reduces the 

response time for message delivery. This becomes increasingly 

important as the number of concurrent users grows. 

The use of Redis Pub/Sub further enhances system scalabil- 

ity by enabling efficient message distribution across multiple 

active connections. Instead of relying solely on the backend 

server for message routing, Redis acts as a message broker, 

ensuring that messages are propagated quickly and efficiently. 

This design makes the system suitable for horizontal scaling 

in distributed environments. 

Socket.IO plays a crucial role in maintaining real-time 

communication. Its event-driven architecture ensures instant 

message delivery and supports features such as group chat 

and message status updates. The combination of Socket.IO 

and Redis creates a robust communication layer capable of 

handling concurrent users without significant degradation in 

performance. 

The integration of sentiment analysis adds an intelligent 

dimension to the system. Althuogh it does not directly impact 

system performance, it enhances the functionality by provid- 

ing insights into user interactions. The use of an external 

API ensures accurate classification while keeping the system 

lightweight. 

Despite these advantages, certain limitations are observed. 

The system has been evaluated up to 100 concurrent users, and 

performance under larger-scale deployments requires further 

testing. Additionally, reliance on an external API for sentiment 

analysis introduces dependency on network availability and 

third-party services. 

Overall, the results indicate that the proposed system ef- 

fectively balances performance, scalability, and functionality. 

The integration of caching, real-time communication, and 

intelligent processing makes it a practical solution for modern 

web-based chat applications. 

VIII. CONCLUSION 

This paper presents a scalable real-time chat system de- 

veloped using the MERN stack, integrating Socket.IO for 

real-time communication, Redis for caching and message 

brokering, and an external API for sentiment analysis. The 

system addresses key challenges in modern communication 

applications, including latency, scalability, and efficient data 

handling. 

The implementation demonstrates that the use of Redis 

significantly reduces message delivery latency and minimizes 

database load by caching frequently accessed data and en- 

abling Pub/Sub-based communication. Socket.IO ensures reli- 

able and low-latency bidirectional communication, supporting 

essential features such as one-to-one chat, group chat, user 

presence tracking, and message status indicators. 

Experimental evaluation with concurrent users shows that 

the system maintains stable performance and efficient message 

delivery under load. The integration of sentiment analysis 

further enhances the system by providing intelligent insights 

into user interactions without affecting overall performance. 

Overall, the proposed system provides a robust, scalable, 

and efficient solution for real-time communication, making 

it suitable for modern web-based applications requiring high 

responsiveness and reliability. 

IX. FUTURE SCOPE AND SCALABILITY OF PROPOSED 

SYSTEM 

Scalability is a critical requirment for real-time commu- 

nication systems, especially when handling a large number 

of concurrent users. The proposed system is designed with 

scalability in mind by incorporating efficient architectural and 

technological choices. 

The use of Redis Pub/Sub mechanism allows the system to 

distribute messages across multiple server instances, enabling 

horizontal scaling. This ensures that as the number of users 

increases, additional server instances can be added without 

affecting system performance. 

Caching using Redis reduces the dependency on MongoDB 

for frequent data access, thereby minimizing database load and 

improving response time. This design ensures that the system 

can handle increased traffic efficiently. 

Socket.IO supports room-based communication and event- 

driven messaging, which allows efficient management of mul- 

tiple user connections simultaneously. This ensures that the 
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system can scale to support group communication and high 

user activity. 

Additionally, the modular architecture of the MERN stack 

enables independent scaling of frontend and backend com- 

ponents. The backend server can be deployed in a distributed 

environment, while the frontend can be served through content 

delivery networks (CDNs) for better performance. 

Overall, the proposed system provides a scalable architec- 

ture capable of handling increased user load while maintaining 

low latency and efficient real-time communication . 
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