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ABSTRACT: This paper addresses the challenge of efficiently handling a diverse array of customer queries by
proposing the development of an innovative web-based customer support chatbot. The objectives encompass creating a
versatile system capable of interpreting and resolving a spectrum of customer complaints, enhancing support staff
efficiency, and facilitating knowledge base updates. The proposed methodology employs the MERN stack for web app
development and integrates Generative Al and pre-trained Large Language Models (LLMs), specifically OpenAl's pre-
built models, for intelligent responses. The pseudo code outlines the interactions between the chatbot, support staff, and
administrators, ensuring a seamless process. Results indicate the chatbot's commendable ability to accurately interpret
queries, showcasing language versatility in various Indian and foreign languages. Efficient handling of varied phrasings
and also accommodating grammatical errors. The use of prebuilt models is highlighted as a practical and efficient
solution, reducing implementation time compared to custom models. Additionally, the implementation is recognized for
its scalability, positioning it as a practical and efficient solution for evolving customer support needs in the near future.

KEYWORDS: Customer support chatbot, Large Language Models (LLMs), Generative Al, Scalability, Real-time
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I. INTRODUCTION

As the world of web app development expands, so does the challenge of handling a growing number of customer
queries. Traditional approaches, like hiring more support staff, are proving slow and expensive for companies. To tackle
this, our project aims to revolutionize customer support by introducing a cutting-edge chatbot. This intelligent chatbot
is designed to swiftly interpret and respond to customer queries by searching through a comprehensive database for
solutions.

Our goal is to create a dynamic and accessible solution that not only caters to the increasing volume of queries but also
ensures quick and cost-effective resolutions. The envisioned web app goes beyond typical customer support — when the
chatbot encounters a query, it autonomously delivers a solution from its extensive database, ensuring a seamless
experience. If a query exceeds the chatbot's capabilities, it seamlessly hands it over to human support staff for
personalized assistance.

Key to our solution is the continuous updating of the database based on customer interactions, allowing the system to
evolve and become more effective over time. This intersection of web app development and customer support promises
not only efficiency and cost-effectiveness but also a forward-thinking approach to database management. In essence,
our project seeks to redefine the customer support paradigm in the ever-evolving landscape of services and technology.

II. RELATED WORK
1. Existing Methods
In the exploration of conversational systems, various approaches have been proposed. One study introduced a chatbot

incorporating Reinforcement Learning (RL) strategies to enhance user interactions. Employing sentiment analysis and
Natural Language Processing (NLP), the chatbot gauges user moods, utilizing algorithms like DistilBERT for emotion
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detection, Tacotron2-1jSpeech for Text-to-Speech (TTS), and a combination of ChatGPT and BERT for financial
advice.

Another paper presented a multifaceted NLP-based chatbot utilizing TensorFlow for image recognition, Flask for the
backend, React]S for user interfaces, and Dialogflow for natural language understanding. The system employs a
database (MongoDB/Firebase) and a deep learning model for processing customer queries, demonstrating continuous
learning through ML and NLP engines.

A distinct approach involved the development of a banking-related chatbot named Jarvis using the Rasa Framework.
The system's architecture encompasses backend, ML model, and frontend components. Rasa NLU and Rasa Core were
implemented in the backend for user input handling, intent identification, and end-to-end conversation management. A
separate ML model, utilizing Logistic Regression, achieved an 80% accuracy in predicting loans based on various
parameters.

Conversational Recommender Systems (CRS) were a focus in another study, emphasizing the importance of
understanding user intent for effective task-oriented systems. The proposed approach introduced a novel intent
recognition method within an interactive pipeline, employing reverse feature engineering and contextualizing input
utterances for enhanced intent recognition.

User authentication and input processing were central to a different investigation. The paper highlighted the utilization
of AIML patterns for conversation mapping, keyword extraction from user input, and a response system incorporating
NLP algorithms for sentence similarity. The system verified user authenticity, saved user data, and responded
intelligently to user queries, with a particular focus on college-related information.

Finally, a study conducted at a Brazilian commercial bank's Analytical Intelligence Unit (AIU) focused on the
integration of Al, particularly chatbots, for customer service. The research, based on 181 million interactions in 2020,
utilized Al integrated with IBM's Watson system. The study highlighted the technological innovation in process
management and the substantial contribution of Al, specifically chatbots, to customer service efficiency.

In summary, these diverse approaches encompass RL strategies, NLP-based chatbots, frameworks like Rasa, and
innovative methods for intent recognition and user interaction, showcasing the multifaceted nature of current
conversational system research.

2. Drawbacks

The implementation of conversational systems introduces various challenges. Privacy and bias concerns, alongside
ethical dilemmas, underscore the need for responsible chatbot creation. Human intervention is crucial for training and
optimizing chatbot systems, relying on NLP and ML algorithms for effective query analysis and response generation.
Algorithmic dependencies, particularly with transformer models like BERT, pose potential computational challenges,
scalability issues, and concerns about generalizability across diverse contexts. The reliance on predefined knowledge
bases limits responses and scalability, while Rasa NLU faces challenges with insufficient or non-diverse training data.

Specific issues include the potential bias introduced by data content analysis, limitations in handling unseen texts or
keywords, and challenges in generalizability due to small sample sizes. Ambiguities in terminology and difficulties in
replicating human-like interactions highlight humanization challenges. Fixed rule-based approaches in current chatbots
lead to adaptability challenges, grammatical errors, and limitations in supporting sentiment analysis and accuracy in
dynamic conversations. Training and learning challenges, inadequate user interfaces, and limited language support
further contribute to the comprehensive understanding of drawbacks in current conversational systems.

Adding to these challenges is the difficulty of acquiring and training chatbots on large datasets. The associated costs in
terms of both money and time, as well as the expertise required for satisfactory results, present barriers for many
businesses looking to minimize customer support workload. This emphasizes the need for cost-efficient methods in the
market that provide satisfactory, accurate, and scalable results, offering an alternative to traditional resource-intensive
approaches.
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II1. OBJECTIVES

The primary objective of this project is to address the surging influx of customer queries across diverse services in a
highly efficient manner. In pursuit of this goal, the project endeavors to develop an innovative web-based customer
support chatbot with multifaceted capabilities. The chatbot is designed to interpret a spectrum of customer queries and
complaints, undertaking the crucial task of searching the database for viable resolutions and promptly delivering
articulate responses. The overarching aim is to create a versatile system capable of handling a diverse range of
inquiries, spanning from product-related questions to troubleshooting issues and general feedback.

Furthermore, the project encompasses the creation of distinct portals tailored for specific roles within the support
ecosystem. One such portal is dedicated to customer care executives, providing them with a seamless channel to
interact and communicate directly with customers or clients. This targeted approach aims to enhance the efficiency of
support staff in addressing user queries. Another critical component is the portal designed for administrators, granting
them the authority to review and curate content intended for updates in the knowledge base. This separate
administrative interface ensures a meticulous and controlled process for knowledge base management.

The overarching goal is to deliver an intuitive and user-friendly chatbot that goes beyond basic query resolution. The
system should be easily navigable, fostering a positive user experience while consistently offering helpful and
informative responses to customer inquiries. These objectives collectively underscore the ambition to revolutionize the
customer support process, providing not only efficiency and accessibility but also a robust framework for ongoing
knowledge base enhancement.

IV. PROPOSED METHODOLOGY

The proposed methodology centers around the MERN (MongoDB, Express.js, React, Node.js) stack, a comprehensive
technology suite renowned for building scalable and responsive applications. On the frontend, the project leverages
JavaScript, HTML, and CSS, with the React framework ensuring a seamless and interactive user experience. This
choice of technologies establishes a robust foundation for developing a modern and user-friendly customer support
chatbot interface.

3. Backend Architecture:

Node.js is employed as the runtime for server-side operations, facilitating the execution of server-related tasks.
Express.js is utilized to create RESTful APIs and manage WebSocket connections. The incorporation of WebSocket,
facilitated by Socket IO Libraries, enables real-time, bidirectional communication, enhancing the responsiveness and
immediacy of user interactions.

4, Database Management:

MongoDB is selected as the database solution, serving a dual purpose. Firstly, it efficiently stores and retrieves
business-related data, utilizing its non-relational document database features that support JSON-like storage. Secondly,
it maintains a record of chat history, encompassing user queries, summaries, and resolutions. MongoDB's flexible data
model, combined with full indexing support and intuitive APIs, aligns seamlessly with the requirements of the chatbot
application.

5. Using Generative Al & Pre-trained LLM’s:

The core intelligence of the chatbot is enriched through the integration of Generative Al and pre-trained Large
Language Models (LLMs), specifically leveraging OpenAl's offerings. Large Language Models are adept at
understanding human speech and generating contextually appropriate responses based on their extensive knowledge
base. Generative Al further augments this capability by enabling the system to create new content, such as text, by
learning patterns from existing data through deep learning techniques.

A custom LLM with a Generative Al feature could be built to cater to our application needs, but there are few prebuilt
ones like OpenAl assistant API run on well-trained GPT models that has a bigger knowledge base and has better
understanding. We are using the gpt-3.5-turbo-1106 model for our application, since this is the updated and better
trained model which gives better results than the other models. So a pre-built LLM models like this can be used instead
of a custom built LLM as it is easier to use, provides satisfactory results, and is also easy to integrate.

IJIRCCE©2024 | AnISO 9001:2008 Certified Journal | 164


http://www.ijircce.com/

International Journal of Innovative Research in Computer and Communication Engineering

@[]@ /&/\m @ | e-ISSN: 2320-9801, p-ISSN: 2320-9798| www.ijircce.com | [Impact Factor: 8.379 | Monthly Peer Reviewed & Referred Journal |
aﬂllg

|| Volume 12, Issue 1, January 2024 ||
| DOI: 10.15680/IJIRCCE.2024.1201020 |

V. SYSTEM DESIGN
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VI. IMPLEMENTATION

1. Backend

1.1 Node.js and Express.js:

The server-side operations are powered by Node.js, providing a JavaScript runtime environment. Express.js, a robust
web framework for Node.js, is utilized to create REST APIs and maintain WebSocket connections. This combination
ensures the efficient handling of incoming requests and seamless communication between the server and the
application's components.

1.2 API and WebSocket Layers:

The backend is designed with distinct API and WebSocket layers. The API layer manages traditional HTTP requests,
including authentication functionalities such as login and logout. WebSocket connections, facilitated by the Socket.10
library, play a pivotal role in establishing full-duplex and bidirectional communication. Socket.IO enhances real-time
interactions, allowing for immediate updates and responses.
These layers are actively listening for any incoming requests and then upon receiving any request directs it to the
appropriate section in the services layer.
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1.3 Services Layer:

Upon receiving requests, the backend directs them to the services layer, the business logic segment of the application.
This layer s responsible to act upon the incoming data from the requests. Within this layer, it utilizes the models in the
database layer, precisely the repository layer to execute essential functionalities based on the data derived from the
requests originating from API or WebSocket layers. Once the data undergoes processing within this layer, the refined
information is then returned to its point of origin(where it was called). This modular structure ensures flexibility and
maintainability, facilitating the seamless flow of information between the backend and other components.

1.4 Authentication with Berypt:

To ensure data security and privacy, the backend incorporates the Bcerypt library and its password hashing algorithm.
This enables secure password storage and authentication processes, enhancing the overall robustness of the customer
support chatbot.

1.5 WebSocket Connections with Socket.IO:

WebSocket Connection Handling:

The WebSocket connections are crucial for enabling real-time communication within the chatbot. When a user opens
the chatbot, the frontend initiates a WebSocket connection with the server through the Socket.IO library. This
establishes a persistent and efficient channel for bidirectional communication.

Event Handling:

The server is equipped to handle various WebSocket events, enhancing the overall functionality of the chatbot. The
connection event is triggered when a new client connects, providing the opportunity to initialize necessary processes.
The message event is crucial for processing user messages, storing them in the MongoDB database, and interacting
with the Al model to formulate responses. The disconnect event is triggered when a client disconnects, allowing for
proper cleanup and maintenance of active connections.

Message Exchange Workflow:

The message exchange workflow involves a seamless process from user interaction to server response. When a user
sends a message, the frontend transmits it through the WebSocket connection to the server. The server, in turn,
processes the message by storing it in the MongoDB database, consulting the Al model if needed, and constructing a
response. This response is then broadcasted to all connected clients, ensuring that both the sender and others receive
immediate updates.

Additional Features (Optional):

In addition to fundamental chat functionalities, the WebSocket connections allows us to incorporate optional features to
enhance user experience. Presence detection is implemented to track online users and display their status. Typing
indicators and file sharing features contribute to a more dynamic and engaging communication environment. These
optional features further contribute to the versatility and adaptability of the customer support chatbot.

2. Database

2.1 MongoDB for Efficient Data Handling:

MongoDB is employed as the database solution, effectively storing and retrieving various business-related data. This
includes chat history, messages, form data submitted by support staff, FAQs, and solutions. MongoDB's flexibility and
scalability make it well-suited for handling the continuous updates and diverse data types associated with customer
interactions.

Few models are created in the DB namely admins, executives, chat history, form data, Knowledge Base (FAQ’s,
Product details, etc), messages. There are a few joins made between these model collections in order to prevent
duplication.

2.2 Real-time Data Management:

WebSocket connections facilitate real-time data management within the database, ensuring that information is promptly
updated based on user interactions and solutions. This feature contributes to the adaptability and responsiveness of the
customer support chatbot.
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3. Generative Al and Pre-trained LLM’s

The customer support chatbot leverages the OpenAl Assistant API to build Al assistants within the application. Two
OpenAl assistants are utilized: one for generating responses to user queries and another for analyzing chat history and
form data submitted by support staff.

The second assistant employs pre-trained Large Language Models (LLM's) to generate a unique set of queries and
solutions. These are then sent to the Admin portal for verification and validation, allowing administrators to edit,
accept, or reject queries and solutions. Accepted data is appended to the dataset, enabling the Assistant to adapt and
respond effectively to user queries using the updated information.

Upon updating the dataset and passing it to the Assistant, the system autonomously chunks documents, indexes and
stores embeddings, and employs vector search to retrieve relevant content for addressing user queries. The model
dynamically determines when to retrieve content based on user messages, ensuring a responsive and context-aware
chatbot.

4. Frontend

4.1 User, Executive, and Admin Portals:

The frontend is structured into three distinct portals: User, Executive (support staff), and Admin. Users interact with the
chatbot through the User portal, while support staff and administrators access the Executive and Admin portals,
respectively. Each portal is equipped with its authentication layer to ensure secure access and data protection.

Once logged in, support staff can converse with users, fill out forms with user query summaries and the proposed
solutions given by them to the users based on the conversation between them and the user. These forms, transmitted via
WebSockets, make their way back to the backend and ultimately into the MongoDB database.

But the journey doesn't end there. In batches, these forms are fed to the second OpenAl assistant, equipped with the
power of large language models (LLMs). This assistant meticulously analyzes the chat history and form data,
meticulously extracting knowledge and crafting unique sets of queries and solutions. These Al-generated gems are then
presented to the admin for careful verification and validation allowing administrators to edit, accept, or reject queries
and solutions. Accepted entries are integrated into the main dataset, empowering the first assistant to provide even more
insightful responses in the future.

4.2 Seamless Transition and Socket Connections:

The frontend allows users to seamlessly transition from the assistant in the chatbot in the User portal to engaging with
support staff in the Executive portal. This transition involves the disconnection of the chatbot and Al assistant and the
establishment of a new connection between the chatbot and executive. Both interactions utilize Socket.IO connections,
providing a smooth and responsive communication channel.

At its core, the implementation is a well-coordinated team of technologies. Databases act as reliable memory banks,
storing past conversations and data. Frameworks act as the conductors, directing the flow of information and ensuring
smooth operation. Al assistants, infused with intelligence, provide insightful responses and guidance. WebSockets, like
communication highways, seamlessly connect users, staff, and Al in real-time conversations. Meanwhile, large
language models analyze and refine knowledge, continuously transforming it into improved solutions. This dynamic
collaboration lies at the heart of the customer support chatbot, constantly learning and adapting to serve users better
with each interaction.

VII. RESULTS AND DISCUSSION

The implemented chatbot's assistant demonstrates a commendable ability to accurately interpret user queries, utilizing
vector search and indexing for precise knowledge base retrieval. The dynamic generation of responses proves to be
accurate and satisfactory, facilitated by the retrieval function of the assistant. Leveraging the OpenAl GPT-3.5-turbo-
1106 model empowers our chatbot to effectively handle grammatical errors, incomplete queries, and varied phrasings,
ensuring consistently accurate results. Moreover, the chatbot showcases remarkable language versatility, proficiently
responding to queries in multiple languages, including regional Indian languages and foreign languages.

This choice of utilizing a prebuilt model enhances efficiency, facilitates easy integration, and provides ample room for
additional features, making it a favorable option over custom-built Large Language Models (LLM's) with NLP
algorithms. The implementation time is notably reduced compared to custom LLMs, establishing the prebuilt model as
a practical and efficient solution for our chatbot.
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VIII. CONCLUSION

In summary, our project aimed to tackle the surge in customer queries by creating an advanced web-based customer
support chatbot. The chatbot, with its diverse capabilities, effectively interprets and responds to a wide range of
customer inquiries. The development includes specific portals for customer care executives and administrators,
ensuring targeted interactions and streamlined knowledge base management.

Using the MERN stack, we established a user-friendly chatbot interface. Technologies like Node.js, Express.js, React,
and MongoDB enabled real-time communication through WebSocket connections, enhancing responsiveness.
Incorporating Generative Al, particularly the OpenAl GPT-3.5-turbo-1106 model, strengthened the chatbot's ability to
handle grammatical errors and respond in multiple languages. Our implementation showcases a well-coordinated
integration of databases, frameworks, Al, and WebSocket connections, allowing the chatbot to learn and adapt
continuously. The results demonstrate the chatbot's commendable accuracy in interpreting queries and providing
satisfactory responses. Opting for a prebuilt model not only improved efficiency but also simplified integration.
Overall, our project successfully revolutionizes customer support, offering efficiency, accessibility, and continuous
knowledge base enhancement.

IX. FUTURE SCOPE

The future scope of this project involves scaling its capabilities through the integration of additional models from the
OpenAl API library. This includes incorporating Text-to-Speech (TTS) functionality for narrating written content in
multiple languages and providing real-time audio output. Speech-to-Text capabilities, utilizing the Whisper model,
allow for transcription and translation of audio, ensuring multilingual support.

Expanding beyond text-based and voice based interactions, the integration of Image Generation with GPT-4 and Vision
enables the chatbot to analyze and respond to questions about images. Can also guide users to navigate through the
websites and products by generating images. Answer product related queries with images.

To handle larger datasets more efficiently, the project aims to explore modern vector analytical and schema-free
databases like ElasticSearch. These additions aim to elevate the chatbot's performance, versatility, and overall
functionality making this approach a much more scalable one.
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