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General Introduction

The world has witnessed a rapid technological transformation, driven by artificial intelligence
(AI), which has contributed to transforming and developing various economic and social fields.
Al has evolved from a conceptual research field into a tangible reality gradually embodied in
daily life. It has also contributed to developing intelligent systems specialized in various fields,
such as decision-making, data analysis, and interacting with users in ways that were not possible
before. This phenomenon marks a new era in the interaction between humans and technology.

One of the most prominent of these developments is the increasing reliance on chatbots, or
"intelligent agents," or advanced systems that perform tasks requiring contextual analysis and
understanding.[ 1] Chatbots are among the most widely used of these systems, due to their ability
to communicate with humans. This technological development has found widespread applica-
tion in the field of digital customer support, where it has emerged as a primary mechanism for
providing technical assistance, answering inquiries, guiding users, and improving the interaction
experience with electronic systems.

With the increasing use of digital services, customer service is one of the most important
services that ensure user satisfaction and continued engagement with digital platforms. In this
field, chatbots have proven effective in meeting users' needs around the clock without the need
for constant human supervision. However, challenges remain regarding chatbots' ability to un-
derstand user inquiries and provide appropriate responses within accurate and understandable
contexts. Many modern chatbots rely on artificial intelligence technologies, such as natural lan-
guage processing (NLP), machine learning, generative artificial intelligence, and large language
models. This has led to the emergence of advanced frameworks such as Retrieval Augmentation
Generation (RAG), which combines the advantages of information retrieval and text generation
to enhance their ability to understand user intent and interact with them in a human-like manner.

Manual customer service requires significant time, effort, and labor, and is relatively expen-
sive. Organizations face challenges in providing effective customer service 24/7. The persistent
lack of human support leads to a gap in user experience, especially on digital platforms that rely
on instant responses.

As Al moves from research to practical applications, this thesis will explain the techniques
of Natural Language Processing (NLP), Large Language Models (LLM), and Retrieval Aug-
mentation Generation (RAG), their relationship to Al, and how to develop and evaluate highly

efficient chatbots that contribute to improving customer service, maintaining customer engage-



ment on digital platforms, and enhancing customer support. We will also discuss how these bots
can be developed to understand user inquiries and provide appropriate responses within precise
and understandable contexts.

Our manuscript is organized as follows:

* In the general introduction, we introduce the research area, highlighting the importance
of enhancing e-commerce platforms by integrating intelligent chatbots. We discuss the
increasing reliance on digital services and the need for effective and automated customer

support solutions to improve user experience and business performance.

* Chapter 1: This chapter covers e-commerce types, their digital service delivery, cus-
tomer support methods, and how chatbots improve operational efficiency through instant

résponsces.

* Chapter 2: This chapter introduces chatbots, their roles in business, and key technologies
used to build them, including rule-based systems, machine learning, and NLP. It also

highlights popular chatbot examples.

» Chapter 3: This chapter covers the design and implementation of the proposed chatbot,
detailing the development steps, tools used, and final results, along with suggestions for

future improvements.

* Finally, the general conclusion summarizes the main findings of the study, discusses the
effectiveness of integrating chatbots into e-commerce, and identifies future research di-

rections for improving automated customer support systems.

This study contributes to the ongoing development of intelligent support systems in digi-
tal commerce, demonstrating the practical application of Al in real-world customer interaction

scenarios.



Chapter 1

Al and Chatbots to Improve Customer
Support



1 Introduction

In this chapter, we discuss the classifications and types of e-commerce stores, with a particular
focus on the ways these services are delivered digitally. Additionally, we analyze the vari-
ous forms of customer support used in e-commerce stores, including manual intervention and
automated assistance. We then explore the role of the chat-bot in improving the operational ef-
ficiency of e-commerce stores by facilitating immediate responses to customer inquiries, easing

the burden on support staff, and providing a smoother and more professional user experience.

2 Online Store

2.1 Definition

The term online store is, the most simply put, the store of services or products on the global
network. According to the official definition, an online store is an integral part of a process
known as online shopping. Online shopping involves a process in which visitors can buy certain

products or services offered within an online store.[2].

2.2 Spread and Importance of E-Commerce Stores

E-commerce has spread in recent years and witnessed remarkable development. Online shop-
ping has become like traditional shopping, allowing customers to purchase products and services
from anywhere, at any time, without having to visit traditional stores.

The importance of e-commerce lies in its ability to save consumers time and effort, while
providing a variety of options at competitive prices. E-commerce stores also allow business
owners to reach a wider audience, both locally and globally, leading to increased sales and
accelerated business growth.

E-commerce stores also provide a flexible marketing environment, enabling companies to
analyze customer behavior and improve user experience through analytics and artificial intel-
ligence. Additionally, modern e-commerce stores increasingly integrate automated customer
support tools, such as chatbots, which help provide immediate and accurate responses 24/7.

With all these advantages, e-commerce stores have become an essential part of the digital
economy and a vital component of any business strategy aimed at growth and innovation in

today's competitive market. [3]

2.3 Type of E-stores

Below are the main types of eCommerce models, each with its own use case and application [4]:



* Business-to-Consumer (B2C)
A business sells products or services directly to individual customers.

Example: Buying clothes from an online store like Amazon.

* Business-to-Business (B2B)
A business sells products or services to another business.

Example: A company selling software to other companies.

* Business-to-Government (B2G)
A business provides goods or services to a government agency.

Example: A tech company building a system for a government department.

* Consumer-to-Consumer (C2C)
Consumers sell products or services to other consumers.

Example: Selling used items on platforms like eBay.

* Consumer-to-Business (C2B)
An individual offers products or services to a business.

Example: A freelancer designing a logo for a company.

* Consumer-to-Government (C2G)
An individual provides services or makes payments to the government online.

Example: Paying taxes or fines through a government website.

* Business-to-Business-to-Consumer (B2B2C)
A business sells to another business, which then sells to the final consumer.

Example: A wholesaler sells to a retailer, and the retailer sells to the customer.

* Business-to-Administration (B2A)
A business delivers products or services to public administration or government bodies.

Example: A company providing cybersecurity services to a government office.

2.4 Exemple E-stores in Algeria



Jumia is primarily a Business-to-Consumer (B2C) online marketplace.
It connects businesses and sellers (both local and international) directly with individual consumers, of-
fering a wide range of products for sale

JUMIAE

Figure 1.1: Jumia platform

Ouedkniss is an Algerian B2C and C2C online platform where individuals and businesses can buy and
sell a wide range of products and services.

WLLLLASNAIg

Ouedkniss

Figure 1.2: OuedKniss



3 Customer support

3.1 Definition

Customer Support pertains to a systematic collection of methodologies and protocols aimed at
facilitating assistance for clientele who necessitate specialized support. Such individuals may
possess inquiries regarding your merchandise or enterprise, or they may encounter complications
related to a product or service.

Customer support can come from all sorts of places—Iike in person, over the phone, through
email, or even via live chat. The main idea is to be there for your customers when they need

you, no matter how they reach out. [5]

3.2 Role of Customer Support

The primary goal of customer support is to help customers when they encounter problems with
your company's products or services. However, it's also important that your support team be
friendly and make customers feel valued. If customers receive poor service, they're likely to
negatively impact your entire brand.[6]

Today, customer support is a fundamental pillar that determines the quality of service pro-
vided to consumers or clients by competing companies and organizations. Gone are the days
when it was merely about technical fixes or simple queries. It has transformed into an inte-
grated experience representing the human, interactive interface between the customer and the
company. Every time a user interacts with the support team, a mental image is created of whether
the company is professional about their work and is genuinely concerned for the customer, thus
becoming an essential element of corporate growth and success strategies.

With the promise of rapid technological advancement and the many options now available
to the user, the onus is on companies to provide highly efficient support that meets growing
consumer expectations, not only with regard to response time but with the quality of the solutions
provided, accompanied by an absolutely professional level of understanding of the user's needs.
The customers are no longer judging the technical quality of a product or service on the grounds
of its specification or price. Instead, support can now prove one of the highest ranking factors
that ultimately influence buying decisions, customer loyalty, and repeated uses of the product

or the service.

3.3 Importance of customer support

Customer support is important as it hinges on the crucial role played by support agents in
promptly and efficiently addressing customer concerns, thereby influencing customer satisfac-
tion. This, in turn, has a ripple effect on customer retention, customer lifetime value, and the

overall brand reputation.|[7]



* Positive brand reputation

Establishing a positive brand image in your industry is challenging, as it can significantly
impact customer perception. Excellent customer support enhances your reputation. It

demonstrates your commitment to customer satisfaction.

Your brand’s image is a precious asset that can significantly impact customer perception
and trust. Great customer support enhances this image by conveying a commitment to
quality and customer satisfaction. When customers receive attentive and effective sup-
port, they associate these positive experiences with your brand. This, in turn, fosters a

sense of trust and reliability.

A positive brand image not only attracts new customers but also encourages repeat busi-
ness from existing ones. It builds a reputation that can withstand challenges and setbacks,
helping your business weather storms and maintain a strong market presence. In a world
where reputation and trust are paramount, prioritizing customer support is an investment

in shaping a positive and enduring brand image.

* Improved customer retention

Maintaining existing customers is more cost-effective than acquiring new ones, and cus-

tomer retention is key to a sustainable business model.

A customer support system directly impacts your retention rate by fostering long-term
relationships.When your customer support team provides quick and effective solutions,

customers feel heard and valued. This leaves a positive impression on them.
As aresult, you can expect repeat business, larger ticket sizes, and increased overall sales

When customers receive timely responses and solutions, they remain loyal to your busi-

ness and actively promote your brand through word-of-mouth

* Better competitive advantage

In today’s competitive marketplace, customers have numerous options to replace your
product or services. A single negative experience with customer support can cause cus-

tomers to permanently switch to a competitor.

When customers are choosing among different options, their decision is influenced not
only by the quality of the product or services but also by the level of customer support
provided. Having exceptional customer support conveys a powerful message that your
company is committed to going the extra mile to meet customer needs. This can turn the

tables and influence potential customers to choose your brand over others.

¢ Increased sales and revenue

Outstanding customer support enhances both customer satisfaction and retention. Loyal

customers are more likely to repeat transactions, increasing their lifetime value. Providing



them with an exceptional experience and gaining their trust makes them inclined to return
for your products or services. Thus, investing in customer support can be a strategic and

economical approach to boost sales and revenue.

3.4 Customer Support Channels

Organizations use a range of customer support channels to accommodate diverse preferences and
needs. These include phone support for intricate issues, email for comprehensive queries, live

chat for instant help, and self-service resources for those who prefer to find solutions independently.[§]

* Phone support

This is the most traditional and preferred way for customers to speak directly with a sup-
port agent.Phone support is best for addressing complex issues that need detailed assis-

tance or a personal touch.

* Email support

Email is a professional and versatile channel for customers to inquire or raise concerns.This
platform allows seamless communication while enabling both customers and support

teams to keep a comprehensive record of their interactions for future reference.

e Live chat

Live chat provides customers with real-time support and assistance. It is a convenient
channel for customers to get in touch with a support agent and experience immediate
assistance. Live chat typically offers faster first-response times, improving the overall

customer experience.

* Social media support

Customers can use social media platforms like Twitter and Facebook to voice concerns or
ask questions. Businesses have social media support teams that constantly monitor these

channels to provide timely responses.

* Self-service options FAQs, knowledge bases and Al-powered chatbots help customers

resolve issues independently.

4 Enhancing customer support with Al Assistants(Chatbots)

With the continued expansion of artificial intelligence technologies, the benefits of adopting
chatbots in the customer service environment are increasing. These systems enable organiza-
tions to provide immediate support around the clock, regardless of business hours or time zones,

reducing wait times and enhancing customer satisfaction and loyalty.

9



Chatbots contribute to reducing operational costs, as they are able to handle a large volume
of recurring inquiries, provide initial support, and distribute requests, allowing human support
staff to focus on complex cases.

Furthermore, these systems enhance the efficiency of support teams by automating repet-
itive tasks, gathering initial information, and automatically directing cases to the appropriate
departments. For example, the cosmetics brand Lush used an Al agent to respond to general
inquiries, freeing up employees to focus on complex issues. This resulted in an average saving
of 5 minutes per support ticket, equivalent to approximately 360 hours per month.

Chatbots offer a high level of personalization, as they can connect to back-end systems and
retrieve data such as purchase history and user preferences, enabling them to provide personal-
ized recommendations and support services.

These systems also contribute to improving the customer experience thanks to their ability to
interact in multiple languages, enabling them to support a global, multicultural customer base.
Omnichannel support allows customers to interact with bots across their preferred channels,
such as live chat, messaging apps, and social media, enhancing accessibility and the overall
user experience.[9]

Recent advances in generative Al technologies indicate that chatbots are transforming from
simple tools that provide links to support articles into autonomous, intelligent agents capable of
understanding complex conversations and interacting in a manner that mimics the performance
of human agents. These systems enable integration with back-end enterprise systems to provide
personalized support based on each user's context. Depending on the level of automation re-
quired, these intelligent agents can handle more than 80% of customer inquiries independently,

with the ability to seamlessly escalate complex cases to relevant staff when needed.[10]

4.1 Example of International online store Al assistants

These are the most famous international companies that use professional and advanced chatbots

to provide excellent and good customer service, and I had experience with them.

10



AliExpress, a leading global e-commerce platform, uses an intelligent chatbot system to streamline cus-
tomer service. This Al-powered assistant enables users to receive instant assistance with order track-
ing, product inquiries, and other transaction-related issues through live chat. The chatbot interface pro-
vides 24/7 multilingual support, efficiently handling common requests and escalating complex cases
when needed, significantly improving the shopping experience with efficient and always-available as-
sistance.products for sale

CONTAGT

CUSTOMER!
SERVIGER

Figure 1.3: Ali Express

A platform for selling web hosting services and providing you with a domain name. This platform pro-
vides you with a smart robot called Kodee, which allows you to view the services you've purchased and
guides you through purchasing or working on your website.

Figure 1.4: Hostinger
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5 Conclusion

With the rapid growth of e-commerce platforms and online service marketplaces, improving
how we interact with customers has become essential. Today, e-commerce is a core part of
the digital economy, allowing users to buy products and services anytime and from anywhere,
while saving time, offering a variety of options, and providing competitive prices. To enhance
the user experience and maintain service quality, it’s important to integrate chatbots into the
system. These smart tools provide instant support 24/7, without being limited by working hours
or time zones. Customer support is no longer just a basic function—it now plays a big role
in influencing purchase decisions and building customer loyalty. Using chatbots helps reduce
waiting times, ease the pressure on support teams, and improve overall operational efficiency. In
the end, this leads to higher customer satisfaction, stronger trust, and better sales and long-term

growth.

12



Chapter 2

Coupling NLP with ML and DL to build
Al Agent
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1 Introduction

This chapter explores the field of artificial intelligence (Al) and its main branch, natural lan-
guage processing (NLP). NLP is defined as a branch of Al that enables computers and digital
devices to recognize, understand, and generate human language. Modern NLP relies heavily
on machine learning (ML) and deep learning (DL) techniques to achieve advanced capabilities.
Deep learning, particularly using models such as neural networks and transformers, has revo-
lutionized the field of Al and significantly improved NLP applications. We will cover the core
components of NLP: natural language understanding (NLU) for interpreting meaning, and nat-
ural language generation (NLG) for generating text, along with key processing techniques. The

chapter will then focus on the various tasks and applications of NLP.

2 NLP Overview

2.1 Natural Language

Natural language is the language people use every day, such as English, Arabic, etc. This lan-
guage evolves naturally over time within societies and is often rich, complex, and sometimes
even mysterious, influenced by culture and history. On the other hand, programming languages
such as Python, C++, and Java were deliberately designed with strict rules and are not natural
languages, but rather a language used for communication between humans and computers. This
distinct difference between human natural languages and programming languages s fundamen-
tal to the field of natural language processing (NLP), which aims to help computers understand

and process human language in a way that feels natural to us.[11]

2.2 Natual Language Processing Definition

Natural language processing allows computers and digital devices to recognize and understand
text and speech and generate human-like textual output by combining computational linguis-
tics (rule-based modeling of human language), statistical modeling, machine learning, and deep
learning. IN addition, natural language processing is increasingly used in solving enterprise
problems, simplifying and automating business processes, enhancing employee productivity,

and simplifying work processes. [12]

2.3 Component Of Natural Language Processing

Natural language processing (NLP) consists of tow basic components: natural language under-

standing (NLU),and natural language generation (NLG).

* NLU : Natural Language Understanding (NLU) decodes the meaning of text/speech through

14



syntactic and semantic analysis, and builds ontologies to map relationships between words

— enabling machines to interpret, analyze, and understand language like humans.

* NLG : Natural Language Generation (NLG) transforms structured data into human-like
text or speech, enabling computers to “write.” It powers text summarization, dynamic re-
porting, and conversational Al using advanced techniques like neural networks and trans-

formers.

NLP enables machines to understand (NLU) and generate (NLG) human language, powering

intelligent communication.[13]

3 NLP and Al

Artificial intelligence (Al) is a field of computer science that focuses on developing intelligent
systems that mimic human intelligence. Founded in the 1950s, early Al relied on logic and rule-
based systems. Machine learning (ML), a branch of Al, allows systems to learn from data with-
out explicit programming, while deep learning (DL), a specialized branch of machine learning,
uses neural networks inspired by the human brain. Natural language processing (NLP), machine
learning (ML), and deep learning (DL) are interrelated and distinct subfields of Al. Early NLP
systems relied on rules, but modern NLP leverages machine learning and deep learning (DL)

for more advanced applications. Machine learning operates through three main paradigms:
» Supervised learning (learning from labeled data, such as spam detection),
» Unsupervised learning (finding patterns in unlabeled data, such as topic modeling),

» Reinforcement learning (learning by trial and error, less common in natural language pro-

cessing (NLP) but common in robotics and gaming).

Deep learning has revolutionized the field of artificial intelligence, improving applications such
as speech recognition, machine translation, and natural language processing (NLP). While NLP
increasingly relies on machine learning and deep learning techniques, challenges remain in areas
such as reinforcement learning and semi-supervised methods. This book explores these methods

in more depth to develop practical solutions for NLP.[14]

15



This diagram illustrates the relationship between artificial intelligence (Al) and natural language pro-
cessing (NLP), explaining that NLP is a branch of Al that overlaps with machine learning (ML) and deep
learning (DL). It also demonstrates how NLP draws on techniques from both machine learning and deep
learning within the broader scope of artificial intelligence (Al).

@ ificialnteligence

. Machine learning

O Natural Language Proce

O Deep learning

Figure 2.1: How NLP, ML, and DL are related

4 Natural Language Processing Technique

Natural language processing (NLP) encompasses many techniques, depending on the task being

performed. this is a simple technique used in NLP :

* Tokenization It is the process of dividing a sentence into a number of parts (words) and
is called a token, or separating each word separately, to deal with it and know its type and
so on. There are two types of it: Word tokenizer, which separates the words, and sentence

tokenizer, which separates the sentences, each sentence separately.

Exemple : In the previous chapter, we saw a quick overview of what is NLP, what are
some of the common applications and challenges in NLP, and an introduction to different
tasks in NLP.

['In', 'the', 'previous', 'chapter', ',', 'we', 'saw', 'a', 'quick’, 'overview', 'of', 'what', 'is', NLP',
"', 'what', 'are', 'some’, 'of', 'the', 'common', 'applications', 'and', 'challenges', 'in', 'NLP', ',',

'and', 'an', 'introduction’, 'to', 'different’, 'tasks', 'in', 'NLP', ']

* Speech of Part : is the grammatical determination of the type of word, whether it is a
verb, a noun, or an adjective, based on the context of the word and the sentence in which
it is located, and not the word itself. It is based on the fact that the meaning of any word
is not in itself, but in its content and context, and according to the words surrounding
it. Therefore, it interprets each word according to its content, meaning, and context, and

classifies it among many sections.

* Stemming : Itrelies on the idea of returning a word to its root and removing all additions,

whether at the beginning or end. For example, words like "play" are all repeated (playing,
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player, plays, played). This tool is extremely useful for determining word meanings, as
well as for combining all words with the same root into one word. If words that all revolve
around the word "win" are repeated in multiple forms, their total occurrences should be

calculated after they are traced back to their original root.

* Word embedding : Word Embedding is a technique in Natural Language Processing
(NLP) that represents words as dense, low-dimensional numeric vectors. These embed-
dings capture semantic (meaning-based) and syntactic (grammar-based) relationships, en-
suring that words with similar meanings have similar vector representations. Unlike tra-
ditional methods like Bag of Words (BoW) or TF-IDF, which generate high-dimensional,
sparse vectors, word embeddings provide compact and meaningful representations ideal

for machine learning models.

5 Natural Language Processing Tasks and Application

The use of natural language processing tasks varies from one field to another. Each field has a
specific application depending on the project. These are a set of basic tasks that are frequently

used in various fields. Some examples include [11]:

* Language modeling : Natural language processing can be used to predict the next words
or sequence of words. This technology is also essential in speech recognition, sentiment

analysis, and correcting spelling errors.

» Text classification: Text classification is used to organize text data and documents into
pre-defined categories and labels. Natural language processing (NLP) algorithms ana-
lyze the text content and classify it into relevant categories based on underlying topics
or themes. The most important uses are: email filtering and information retrieval, which

facilitates efficient information management and retrieval.[12]

* Information retrieval : Information retrieval (IR) is defined as the process of accessing
and retrieving the most appropriate information from text based on a particular query given
by the user. The goal of information retrieval is to provide a user with documents that
fulfill the user's information need. An information retrieval system searches a collection
of natural language documents with the goal of retrieving exactly the set of documents that
matches a user’s question, indicating the existence and location of documents that might
contain the required information. The documents that satisfy the user’s requirement are

called relevant documents. IR is a powerful technology for finding information.

» Conversational agent : Natural language processing is used in developing chatbots through
their ability to understand and interact with users in natural language, providing answers
relevant to the question asked. Among its most important uses are customer support and

virtual shopping assistance.[13]
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* Information Extraction and Question Answering Systems : Information extraction
uses NLP techniques to extract structured data from unstructured text, enabling tasks like

entity recognition and question-answering.

6 Machine Learning for NLP

Machine learning (ML) techniques are used in natural language processing (NLP) to analyze
and understand text data and natural language, just as they are used with images or speech.
These techniques include supervised learning techniques, such as classification and regression,
and NLP tasks—for example, classifying news articles by topic (sports and politics) or predict-
ing stock prices based on articles or emails. Unsupervised techniques, such as clustering, are
also used to group similar documents without predefined labels[14]. This is the most machine

learning Algorithms used in the development of natural language processing system :

6.1 Naive Bayes

A simple probabilistic classifier based on Bayes' theorem, it assumes feature independence to
calculate class probabilities. It is widely used in text classification tasks (such as spam fil-
tering and sentiment analysis) due to its speed and accuracy on small data, often impressive
accuracy. As Raschka (2014) notes, "Naive Bayes classifiers... are known for creating simple,

high-performance models, especially in the fields of document classification." [15]

6.2 Support Vector Machines (SVM)

A margin-based linear classifier that finds the hyperplane separating classes with maximum
margin. SVMs are effective in high dimensional text spaces and have been widely applied to
NLP classification (e.g. document categorization, sentiment or topic classification). In early
work, Joachims (1998) demonstrated that “SVMs achieve substantial improvements over the
currently best performing methods and behave robustly” on text categorization. SVMs often

outperform other methods on NLP benchmarks and do not require extensive feature tuning [16].

6.3 Logistic Regression

A discriminative linear classifier that models the probability of class membership (via the sig-
moid or softmax function). In NLP it is a standard baseline for supervised classification tasks
(e.g. sentiment, topic, or POS tagging), providing well-calibrated probability estimates. As
Jurafsky and Martin (2025) explain, “in natural language processing, logistic regression is the
baseline supervised machine learning algorithm for classification, It often rivals SVMs in per-
formance and serves as the basic building block for more complex models (e.g. neural networks)
[17].
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7 Deep Learning for NLP

7.1 Recurrent Neural Networks (RNNs)

Neural networks designed for sequential data, RNNs process one token at a time while main-
taining a hidden “memory” state. This makes them well suited for language modeling, machine
translation, speech recognition, and any task where order matters. RNNs (especially LSTM or
GRU variants) “can use their internal memory to process and work on arbitrary sequences of
inputs,” making them powerful for NLP sequence tasks. They have been “successfully used
for sequence labeling and sequence prediction tasks, such as ... language modeling, machine
translation” in NLP [18].

Figure 2.2: RNN

7.2 Convolutional Neural Networks (CNNs)

CNNs apply convolutional filters over word embeddings or character sequences to capture local
n-gram features. Although originally developed for images, CNNs have proven very effective
in NLP. For example, Yoon Kim (2014) showed that CNNs “have subsequently been shown
to be effective for NLP and have achieved excellent results in semantic parsing, search query

retrieval, sentence modeling, and other traditional NLP tasks” [19].
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Figure 2.3: CNN
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7.3 Transformers

A purely attention-based architecture that replaces recurrence with self-attention. Transformers
model global dependencies by allowing every token to attend to every other token in the se-
quence. Vaswani et al. (2017) introduced the Transformer, noting it “eschews recurrence and
instead relies entirely on an attention mechanism to draw global dependencies between input
and output”. Transformers enable highly parallel computation and have become the foundation
of modern NLP (e.g. BERT, GPT). They achieved state-of-the-art results in machine translation
and many other NLP tasks [20].

Figure 2.4: Transformers

8 Chatbots Definition

A chatbot (originally chatterbot) is a software program or application designed to simulate or
engage in conversation with human users. These interactions typically occur through text or
voice interfaces/channels, often as mobile applications or website plugins, allowing users to in-
teract with the application or provide on-site services. Chatbots are a well-known example of
Artificial Intelligence (Al) and automation, though not all of them are equipped with Al Their
purpose is to answer questions, complete tasks, automate simple interactions, and provide ser-
vices such as customer support or information retrieval Chatbots are designed to allow humans
to interact with digital devices as if they were communicating with a real person . They can be
general (responding to all questions) or specific (trained on domain-specific data) While simpler
chatbots may rely on Natural Language Processing (NLP) to analyze, understand, and respond
to queries, the sources indicate that modern or advanced chatbots increasingly use NLP, Natural
Language Understanding (NLU), and Machine Learning (ML) techniques to understand user in-
tent and context. Somewhat advanced chatbots are distinguished by their ability to analyze and
understand natural language inputs, while more advanced Generative Al chatbots can generate
new content and classify text/inputs .

.This figure represent general chatbot architecture sequence diagram :
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Figure 2.5: General chatbot architecture sequence diagram

9 Chatbots Types

Chatbot software can be classified based on various criteria, but one of the most prominent

distinctions is rooted in their underlying technology and how they process input and generate

responses. This fundamental classification helps highlight their capabilities and limitations [21]:

* Menu or Button-Based Chatbots : These are the simplest type. They interact with users

via the selection of pre-determined options or buttons presented in a menu, essentially via
a decision tree. They can work effectively for transactional applications or answering
repetitive easy questions,but do not meet advanced requests because they lack a free text
input field. They might be slower to acquire needs if users have to click through many

choices.

Rule-Based Chatbots: Building on the decision tree concept, these chatbots operate
based on a manual set of predefined rules, scripts, or if/then logic. They recognize key-
words or the lexical form of input text to select responses from a fixed, humanly hand-
coded database of rules. They are relatively easy and fast to set up and customize. How-
ever, they are not robust to spelling or grammatical mistakes, struggle with complex
queries, typically don't learn from interactions, lack personalization, and can get stuck
when they don't understand the user's request, leading to frustration. They are often called

Decision-Tree based chatbots and are suitable for simple campaigns or basic support .
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Figure 2.6: Rule-based-chatbot

» Al-Powered Chatbots (NLP-based / Conversational AI): These chatbots leverage ma-
chine learning, Natural Language Processing (NLP), and Natural Language Understand-
ing (NLU) to analyze and understand the intent, context, and meaning of natural language
inputs. This allows them to understand questions regardless of phrasing, provide quick
and accurate responses, and offer a top-notch conversational experience. They can contin-
uously learn from user interactions, improving accuracy over time and reducing manual
intervention. They provide personalized and contextual responses, maintain more natu-
ral interactions, handle a wider range of conversations, and can ask clarifying questions
when unsure. They carry a risk of not understanding inputs but learn from these instances.
They are also known as contextual chatbots or virtual agents. They may require more ini-

tial time and resources for setup and training.
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Figure 2.7: Ai-chatbot

Finally, chatbots can be classified according to several key criteria, including their domain of

knowledge, the type of service they provide, their intended goals, the methods used to process

input and generate responses, the level of human assistance involved, and how they are built.
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When classified by domain of knowledge, chatbots are characterized by the range of information
they can access or the volume of data they have been trained on. Open-domain chatbots are
capable of engaging in general conversations across a wide range of topics, while closed-domain
chatbots are designed to operate within a specific domain of knowledge and may struggle to

handle queries outside of that domain.

Chatbot/Conversational Agent Characteristics

s

Figure 2.8: Chatbot-Categories

10 Chatbots benefits in buisness

Chatbots offer numerous benefits for both businesses and customers, transforming interactions

and improving efficiency :

10.1 For custommer

* 24/7 customer service Chatbots are always available, eliminating wait times and provid-

ing instant support even outside business hours or across different time zones .



* Deliver multilingual support Deliver multilingual support Modern chatbots can com-

municate in multiple languages

* Enhanced Customer Experience Through fast communication, personalization, and rapid

response, chatbots help build positive relationships and increase customer satisfaction.

10.2 For businesses

* Task Automation : Chatbots can automate routine and repetitive tasks, such as an-
swering frequently asked questions, providing product information, processing orders,

tracking deliveries, handling returns, or scheduling appointments

* Cost Reduction/Effectiveness Implementing chatbots can be more cost-effective than
hiring and maintaining a large support staff, as bots can handle a high volume of queries

simultaneously

* Lower Employee Churn By automating repetitive tasks, deflecting tickets, and stream-
lining workflows, chatbots reduce the workload on human employees, allowing them to
focus on more complex and strategic tasks, which can lead to improved employee expe-

rience and satisfaction

* Increased customer retention Ongoing dialogue, personalized offers, and helpful tips

delivered by digital systems can increase customer loyalty and retention rates

11 Platform to create your chatbot

An Al agent builder is a software platform designed to help users create, deploy, and manage Al
agents. These builders provide the necessary framework, infrastructure, and components, often
making it possible to build Al agents without starting from scratch and without needing extensive
coding or development knowledge. The goal is to make it faster and easier to implement agentic

systems within workflows, and this the most popular no code platform to build your AT Agent :

* Jotform AI Chatbot Builder : explicitly stated as requiring no coding. You can trans-
form existing forms or build new ones from scratch or using templates, then train the Al
with documents or URLs and customize it using a visual Agent Builder. It's designed to

streamline and automate form-related processes for businesses.
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Figure 2.9: Jotform

* WotNot: This is a no-code Al agent builder that features a drag-and-drop interface that
doesn’t require any coding. It's specifically aimed at businesses looking to create chatbots

for lead generation and customer support on their websites

5 wobnat

The easy Al agent
platform you need

Figure 2.10: WotNot

* CustomGPT.ai: This platform is a no-code Al chatbot platform built for businesses,
emphasizing seamless knowledge integration and automation. Key features include "No-
Code, Fully Customizable," making it simple to set up while being adaptable. It supports
a vast number of data formats for accurate, context-aware responses .
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Figure 2.11: CustomGPT
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* Microsoft Copilot Studio: This platform offers a no-code and low-code development
environment for organizations to build chatbots and Al agents using generative Al. It

provides an easy-to-use interface, even without coding experience.

* Describe your copilot to create it

Figure 2.12: Microsoft Copilot Studio

12 No code disadvantages

Although these platforms facilitate the process of building a smart agent to interact with cus-

tomers, they have drawbacks, the most important of which we will mention below:

* Privacy and Security Concerns Al agents often handle sensitive business data, so it's

crucial to choose platforms with strong privacy controls, role-based access .

* Technical Barriers (Despite Being ""No-Code'): While these platforms aim for ease of

use, some may still require a level of technical understanding .

* Limited Flexibility and Complexity Handling : Some platforms are better suited for

simpler tasks, and handling complex questions or workflows can be a challenge.

* Training Data and Model Challenges: Training Al assistants effectively requires prepar-
ing, sourcing, and minimizing bias in datasets. Complex tasks often require thousands or
millions of data points. Al assistants can also be prone to issues like bias from unbal-
anced data, the "black box" problem (difficulty understanding why decisions were made),
overfitting (struggling with new scenarios), and unintended actions if human oversight is

insufficient.

13 Conclusion

In conclusion, this chapter has demonstrated that artificial intelligence (Al) provides the frame-

work for developing intelligent systems, with natural language processing (NLP) being a vital
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branch focused on enabling computers to process and understand human language. Modern
NLP capabilities have been greatly enhanced by machine learning (ML) and deep learning (DL),
using advanced models such as transformers. The basic processes of natural language under-
standing (NLU) and natural language generation (NLG), supported by various NLP techniques,
are fundamental to their applications. A prime example of the impact of NLP is a chatbot, de-
signed to mimic human conversation. While there are various types of chatbots, Al-powered
chatbots utilize natural language processing (NLP), natural language processing (NLU), and
machine learning (ML) to achieve more sophisticated understanding and interaction. Chatbots
offer significant benefits to both businesses and users, including 24/7 service and automation.
The emergence of no-code platforms has made chatbot creation much easier. Despite these

advantages, challenges remain related to security, handling complexity, and training data.
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Chapter 3

Optimizing Conversational AI with RAG
and LLMs
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1 Introduction

Software development projects exhibit considerable variation concerning their scope, complex-
ity, duration, and application domain. Generally, a software project can be delineated as a
systematic and coordinated endeavor directed towards the attainment of a precisely articulated
objective, utilizing suitable technologies and methodologies.In this chapter, we elucidate the
practical realization of our proposed system—an artificial intelligence-enhanced customer sup-
port application specifically engineered for the Android platform. The development procedure
entailed a sequence of methodical phases, commencing with the delineation of hardware and
software prerequisites, followed by the judicious selection of pertinent programming languages,
development tools, and machine learning methodologies that are congruent with the nature of
the task at hand. This chapter furnishes a thorough examination of the technical environment
within which the system was constructed, along with the Natural Language Processing (NLP)
techniques employed to analyze and address user inquiries within an e-commerce framework.
Additionally, we provide illustrative screenshots and outputs from the system to effectively

demonstrate the operational capabilities and features of the implemented application.

2 Technique used in our project

In the context of our research , we implement the Retrieval-Augmented Generation (RAG)
methodology. RAG represents a sophisticated framework that combines the advantages of in-
formation retrieval with natural language generation. This methodology facilitates the system's
capability to extract pertinent information from a knowledge repository and employ it to formu-
late responses that are not only more accurate but also contextually relevant. Such a strategy
markedly enhances the efficacy of our chatbot by equipping it to deliver precise and informative

responses grounded in actual data.

2.1 Large Language Model

Large Language Models (LLMs) represent advanced artificial intelligence frameworks predi-
cated on transformer architectures that assimilate knowledge from extensive repositories of tex-
tual data. These models employ self-attention mechanisms to comprehend linguistic patterns and
produce responses that closely resemble human discourse, thereby rendering them indispensable
instruments for both natural language comprehension and generation. As a core component of
Natural Language Processing (NLP), LLMs significantly enhance the ability of machines to

understand, interpret, and interact with human language in a wide range of applications.[22]
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2.2 Retrieval-Augmented Generation

Retrieval-Augmented Generation (RAG) represents a sophisticated methodology designed to
augment the capabilities of Large Language Models (LLMs) by incorporating external knowl-
edge sources. The primary motivation behind RAG stems from the recognition that a vast por-
tion of the world’s data is private or proprietary, while LLMs are largely trained on publicly
available datasets.[22]

At its core, RAG addresses major limitations of LLMs, such as their restricted temporal
knowledge and their tendency to produce “hallucinations”—factually incorrect information pre-
sented with undue confidence. By combining the intrinsic knowledge of LLMs with large, con-
tinually updated external data sources, RAG enables models to generate responses that are not
only current and accurate but also capable of leveraging proprietary datasets and accessing con-
textual insights absent from their original training data.

RAG can be understood as a three-stage process:

* Retrieval : The system initiates a search across external knowledge repositories to iden-

tify information relevant to the user’s inquiry.

* Augmentation The retrieved information is then integrated into the original user prompt,

serving as contextual enrichment to guide the LLM’s reason

* Generation Using the enhanced prompt—which includes both the query and the asso-
ciated retrieved context—the LLM generates a response grounded in the newly acquired

information.

This structured approach makes the retrieval and reasoning phases explicitly transparent, offer-
ing clarity that is typically lacking in responses produced solely from a model’s internal knowl-

edge base.
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Figure 3.1: RAG Technique
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3 Hardware used

The development and testing of the Al Customer Support application were carried out using
a single physical laptop and two mobile devices—one operating as a virtual emulator and the

other as a physical testing device. The development environment relied on:

* laptop DELL Latitude 7480 equipped with an Intel® Core™ i5-6300U CPU @ 2.50 GHz
and 16 GB of RAM, running the Windows 10 (64-bit) operating system.

* A virtual emulator configured to simulate a Google pixel 5 Lite running Android 12.0.0.

* A physical smartphone, specifically the Redmi Note 8 Pro, also running Android 12.0.0,

used for real-device testing.

This setup provided sufficient diversity in hardware and software conditions to ensure the
application’s functionality and performance across both virtual and physical Android environ-

ments.

4 Tool used

4.1 Programming language

The development of the AI Customer Support system involved the use of the following program-

ming languages, each chosen for its suitability to a specific layer of the application architecture:

* Dart : Used for building the mobile application interface through the Flutter frame-

work.and Provides a reactive and performant user experience across Android devices.
* Python : Employed for implementing Natural Language Processing (NLP) tasks, includ-
ing intent classification and response generation.
4.2 Framework and Libraries

frameworks

* FLask : Used to develop a lightweight web API to serve the trained NLP model and

handle user inquiries from the mobile application.

* Flutter : Used for building the cross-platform mobile user interface.

Libraries

In our chatbot system, we relied on a number of essential Python libraries and frameworks,

categorized by their roles:
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* LangChain Libraries:

— Langchain.schema.Document — For wrapping raw text as document objects.

Langchain_text_splitters.RecursiveCharacterTextSplitter—To splitdoc-

uments into overlapping chunks.

Langchain.embeddings.0llamaEmbeddings — For generating text embeddings

using a local or hosted model.

Langchain.vectorstores.FAISS—To build and query a FAISS-based vector store.
* Vector Store Library:

— FAISS (via LangChain) — A high-performance similarity search library for dense

vectors.
* OpenAl-Compatible API Client:
— Openai.0OpenAI — Used to send chat completion requests to the OpenRouter API.
* Flask Framework:

— Flask.Flask, flask.request, Flask. jsonify — For building the backend REST
APL.

Python Standard Libraries:

— 0s — File system operations.
— Json — Parsing and encoding JSON content.

— RE — Regular expressions for cleaning model outputs.

4.3 Software and API

We use range of software to develop our Alagents and web site to get an API:
In the development of our intelligent chatbot system, we used several key tools, each serving
a specific purpose in the workflow:

Software

* VS Code: Used as the main code editor and development environment for writing and

managing Python, Flask, and frontend code efficiently.

* Ollama: Utilized to run local large language models (LLMs) and generate text embed-

dings, which are used to encode textual data for vector search.
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* Android Studio: Employed for building and testing the Android version of the chatbot

interface developed using Flutter.

* Anaconda: Used to manage Python environments and packages in an organized way,

ensuring compatibility and reproducibility across development stages.

» Jupyter Notebook: Served for prototyping, testing data loading, embedding generation,

and interacting with model outputs in a flexible, visual format.

Application Programming Interface (API)

* OpenRouter: Used as the interface to access and interact with advanced Large Language
Models (LLMs) such as DeepSeek-R1. This API allows us to send user inquiries along
with relevant context retrieved from our vector database and receive structured, natural
language responses. It plays a key role in enabling the chatbot’s reasoning and language

generation capabilities.

S Project Implementation

We employed a chatbot system based on Retrieval-Augmented Generation (RAG). Large lan-
guage models (LLMs) and retrieval systems are used in RAG-based chatbots to deliver precise
and contextually aware responses. Rather than merely using a predetermined list of questions
and answers, the chatbot looks through a knowledge base to find pertinent documents or entries,
then utilizes the LLM to produce an organic and educational response based on the information
it has found.

To enhance accessibility and user experience, the chatbot system supports multilingual inter-
actions. It is capable of understanding and responding to user inquiries in Arabic, English and
French. This multilingual capability is essential for serving a diverse user base in Algeria, where
these three languages are commonly used in both daily communication and technical contexts.
The retrieval and generation components are designed to work seamlessly across all supported
languages, ensuring that users receive accurate and context-relevant answers regardless of the
language used.

The key elements and their functions are broken down as follows:

5.1 Knowledge Datasets Preparation

For our intelligent chatbot system, we used a custom knowledge dataset derived from a virtual
store simulation. The dataset represents the full scope of services and product offerings of a real-
world enterprise — AymenTech Store — a comprehensive technology service provider located

in Msila, Algeria. This store caters to a broad clientele including individuals, professionals, and
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businesses across all 58 provinces in Algeria. The dataset was manually structured to reflect
real business knowledge that can be queried by users in natural language.

The knowledge base includes structured descriptions of core services and product categories
offered by the store. These services include computer hardware sales, custom PC assembly, pro-
fessional repair and maintenance, software installation, networking solutions, and cloud service
deployment. It also contains financial services such as Mastercard creation and recharge sup-
port, online transaction guidance, and eCommerce facilitation, , It is stored in a "knowledgs.txt
file".

The dataset was designed to support retrieval-based and generative responses. For example,

it includes detailed entries on:

* Hardware Components: CPU, GPU, RAM, SSD/HDD, power supplies, and PC cases
from brands like Intel, AMD, NVIDIA, Corsair, and Kingston.

* Technical Services: Data recovery, motherboard repairs, cooling optimization, BIOS

updates, and thermal paste application.

* Software and OS: Installation and configuration of Windows, Linux, macOS, drivers,

antivirus, and backup tools.

* Networking Solutions: Wired/wireless networks, router setup, LAN design, NAS con-

figuration, and server deployment.

* Cloud Licensing: Integration of services like Google Workspace, Microsoft 365, Adobe,
AutoCAD, and cybersecurity software.

* Accessories: Monitors, mechanical keyboards, gaming chairs, printers, and content cre-

ation tools.

* Financial Services: Secure payment setup using virtual/physical Mastercards and COD-

based deliveries.

* Customer Support Programs: Loyalty discounts, remote troubleshooting, and nation-

wide delivery with warranty support.

This dataset forms the foundation for the chatbot's retrieval mechanism. When a user submits
an inquiry, relevant chunks of this knowledge base are retrieved and passed to the language
model to generate a coherent and helpful response. This hybrid RAG approach ensures both

coverage of domain-specific knowledge and flexibility in language understanding.
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Figure 3.2: Dataset Used

5.2 Code Implementation and Methodology

In this section, we explain the methodology and implementation details used to build our intel-

ligent chatbot system. The entire development process is divided into three major steps:

1. Loading and Processing Data
2. Embedding and Vector Storage

3. Query Handling and Response Generation

Each step is critical to ensure that the chatbot effectively retrieves relevant knowledge and

generates accurate responses based on user inquiries.

Step 1: Loading and Processing Data

The first step involves reading and preparing the data from a text-based knowledge source. This
content is then transformed into smaller, manageable chunks suitable for vector storage and
retrieval.

The following Python function demonstrates how we load and process the data:
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def readdata(file_path):
with open(file_path, "r", encoding="utf-8") as f:
full_text = f.read()

document = Document(page_content=full_text.strip())
splitter = RecursiveCharacterTextSplitter(

chunk_size=700,
chunk_overlap=200

)

return splitter.split_documents([document])

Figure 3.3: Loading-data

Explanation:
* The data file is read entirely into memory and stripped of unnecessary whitespace.

* A Document object is created to represent the text in a structured format suitable for

LangChain processing.

* The RecursiveCharacterTextSplitter is used to divide the text into overlapping

chunks. This technique helps maintain context between chunks during retrieval.

* The chunk size is set to 700 characters with an overlap of 200, which balances performance

with contextual relevance.

This preprocessing ensures that the knowledge base is properly segmented, allowing the
retrieval system to later identify and return the most contextually relevant pieces of information

when a user submits an inquiry.

Step 2: Embedding and Creating the Vector Database

Once the dataset is loaded and split into chunks, the next step is to convert those text chunks into
high-dimensional vector representations using a language model embedding. These embeddings
are stored in a vector database to allow efficient similarity search during user interactions.

The following code demonstrates how this process is implemented:
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documents = readdata("data/Kno
2 embeddings = OllamaEmbeddings(mod -embed-text:latest™)

def create_vector_store():
db = FAISS.from_documents(documents, embeddings)
os.makedirs(os.path.dirname(VECTOR_STORE_PATH), exist_ok=True)
db.save_local (VECTOR_STORE_PATH)

print(f"# Vector store saved to {VECTOR_STORE_PATH}")

ef load_vector_store():
eturn FAISS.load_local(
folder_path=VECTOR_STORE_PATH,
embeddings=embeddings
allow_dangerous_deserialization=TRUSTED_SOURCE
)

Figure 3.4: Embeddings and create vector database

Explanation:
* OllamaEmbeddings is used to generate vector representations for each document chunk.

* The function FAISS.from-documents creates an index of vectors from the processed doc-

uments.
* The vector store is saved locally using the function db.save-local().

* The function load-vector-store() is used to reload the vector store when the application
starts.

This embedding and storage process is essential for enabling similarity search. When a user
submits an inquiry, the chatbot can quickly retrieve the most relevant chunks by comparing the

semantic similarity between the user input and the stored vectors.

Step3: LLMs Integration

In this final step, we integrate large language models (LLMs) into the chatbot to generate re-
sponses based on relevant context. Instead of relying on static responses, we use prompt engi-
neering to instruct the LLM to answer using retrieved content from the vector store.

The method involves the following:

* When a user submits a question, the function searches for the most relevant content using

vector similarity (top 3 results).

* A system prompt is created to instruct the model to act as an expert assistant for Ay-

menTech, answering based only on the given context and replying in JSON format.

* The user's inquiry and the retrieved documents are combined in a single prompt sent to
the LLM.

* We use the DeepSeek-R1 model hosted on OpenRouter to generate the answer.
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* The response is cleaned to remove any unwanted tags or formatting.

* If the response is not valid JSON, it is safely wrapped to maintain consistency.

This approach enables the chatbot to respond in a natural, accurate, and multi-language man-
ner (Arabic, English, or French) depending on the user's inquiry. The combination of retrieval
with LLM generation ensures contextual and reliable answers aligned with AymenTech's ser-

vices and knowledge base.

Server creation

in this step involves creating a server to host and expose the chatbot interface. We use Flask, a

lightweight Python web framework, to create a simple REST API endpoint.

» The server loads the previously created vector store using the function load vector _store().

* A single route /chat is defined to handle POST requests, where the user's inquiry is re-

ceived in JSON format under the key "massage”.

» The inquiry is passed to the generate response from_vector db() function, which per-

forms retrieval and calls the LLM to generate an appropriate response.

* The server ensures the returned content is a valid JSON structure. If parsing fails, a fall-

back mechanism wraps the output as a string.

» The final response is sent back to the client as JSON, making the chatbot system easily

consumable by any frontend or external app.

@app.route(”/chat”, methods=["POST"])
def chat():

data = request.get_json()

query = data.get("ma B, =

f not query:
return jsonify({"error”: "No query provided“}), 400

response = generate_response_from_vector_db(query, db)

f isinstance(response, str):

response_list = json.loads(response)
if isinstance(response_list, list) and len(response_list) > @:
return jsonify(response_list[@])

turn jsonify({"a Unexpecte nse format"}), 500
pt json.JSONDecodeE
turn jsonify({"answer”: response})

*n jsonify(response)

__name__ == "__main__":

Figure 3.5: Api code
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Figure 3.6: API Request and Response Result from the Chatbot Server

This architecture allows the chatbot to run as a web service, making it accessible for integra-
tion with web or mobile interfaces. The server listens on port 5050 and is configured to accept

connections from all IP addresses.

5.3 Chatbot Interface Explanation

We integrated our intelligent chatbot into a virtual online store to assist users with their inquiries
in real-time. The chatbot interface allows customers to ask questions about products, services,
availability, prices, and more. It is designed to provide fast, accurate, and multilingual responses
(Arabic, English, and French) using a user-friendly chat-based interface. This integration en-
hances user experience, reduces support workload, and ensures that customers receive consistent

and informative answers directly within the store environment.

Chatbot Interface Integration

A dedicated section was added to the bottom navigation bar of the online store interface to allow
users to easily access the chatbot from any page.
The image on the right displays the homepage of the virtual online store, where the chatbot

access icon is clearly visible at the bottom of the screen.

Figure 3.7: Chatbot Interface in the Online Store
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English Conversation Interface

The chatbot interface supports fluent English conversations, allowing users to interact naturally
and receive accurate responses.

This interface is designed to be user-friendly, providing quick access to assistance on prod-
ucts, services, or support queries in English. The system also ensures proper language under-

standing and context-aware answers through integration with large language models (LLMs).

Al Agent Al Agent

can you tell me whats the main services for
aymentech

Hello! How can | assist you with AymenTechis
computer services, hardware, or technical support
today?

AymenTech's main services include: 1) Computer

hardware sales and custom PC assembly for

gaming/design/office use 2) Technical support
(setup, antivirus, backups) 3) Networking solutions
software licensing 5) Nationwide delivery with COD

6) C: ity guidance 7)

discounts and loyalty programs. All services come

with warranties and ongoing technical support.

AymenTech's main services include: 1) Hardware
sales and custom PC assembly with components
from top brands, 2) Technical support and
nationwide delivery with COD options, 3)

Networking solutions for homes and businesses, 4) dou have creation for master card
Cloud services and genuine software licensing, and

5) Customer programs with discounts and loyalty

Yes, we provide assistance with creating both
rewards.

virtual and physical Mastercards for online
payments, including account setup and secure
recharging options.

We offer components from Intel (i3/i5/i7/i9), AMD
Ryzen (5/7/9), NVIDIA and AMD graphics cards,
Corsair and Kingston RAM, along with SSDs, HDDs,
power supplies, and premium PC cases

[rypa yoli nquites.,

Type your inquiries

Figure 3.8: English Chatbot Conversation Interface

Arabic Chatbot Conversation Interface

The chatbot interface enables smooth Arabic conversations, offering quick, accurate responses

to product and service inquiries through an easy-to-use design powered by language models.
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sAymenTech Siloas. 8

5 (Synze | Slassdl ale

oy elad] 1idle Slass -1 @)l Slaasl y3gy Lynza
clyadl pes @zl Clalaall Slaliy] (308 3nale Hl5lay

80 SLsll geand s oo 5 1 Jeosis es 2 . el
tedas zaly 3 a2 e @esg 8 plad pMaudl aic g
Oloss 4 Euausge pases ey zalys llall Olakss
(a205/ puaci/ Slall) daasis cosls> g 2 glerd
kol -NVIDIA. 55 AMD; Intel ;0 &,lol OlisSa;

1Olaey 6 . ObLy glasial (o> Gsnee sl
macOS; Linuxs Windows |45 dakiil e

SsSa plasizal; Sl dasss capmils> zand dass puss
AMD Ryzen 7/9 s Intel i7/19 Sladlas Jza 53521 dle.
Corsair ;o RAM 55153 AMDs NVIDIA &lissy Sllhys
81y dl Syl aiazy dnyse SSD ol Kingstons
meaxr Il elol lad) dosdza 4y daliilg duaize SIS B4la]

Type your inquiries...

Al Agent

Syl

Jeosill 2ass @Sl 3355 Ja

2 2a Dyl SIS puand dasys Jao s ass 3355 qeas
-(COD) p3lasdl sie gdull

Dl ols dasand syl

SligSs plasizaly Vel daass asls> Slaad pass
AMD Ryzen sl Intel Core i7/i9 &lalas @ J2a 5352l dle
RAM 5153 352l AMD 3i NVIDIA &gy &Ly . 7/9
SSD _o!,51 16GB/32GB as.s Kingstons Corsair ;s
dalisl 2o dansa [Slag Bl Gl Blb Slagie dayyw
a8 OIS 31l e Ldlysl LSy adai . dandza sy
3ataa i ped 3e o lads

frypeyournguiies. >

Figure 3.9: Arabic Chatbot Conversation Interface

Multilanguage Chatbot Conversation Interface

We can in the same conversation interact with chatbo use the Arabic and English and Frensh .
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Al Agent Al Agent

Yes, we offer custom-built PCs optimized for

gaming, design, development, and office use. Our

service includes expert installation with

professional cable management and advanced Spodl clielua iy A5 3l oS e 5
cooling solutions tailored to your specific needs.

can you build a custom pc for me
§ daaydly oS yigaaS el ayyl

Yes, we offer custom-built PCs optimized for
OlisSa 5855 g0 donayll e capuls> gaand dass padi gaming, design, development, and office use. Our
AMD Ryzen i Intel (i5/i7/19) csadiaa Jza 535201 ale service includes expert installation with
SSD o131 Kingstons Corsair ;s RAM ss1s .(5/7/9) professional cable management and advanced
25l LS B3] ssiain agsd P | LYY ingrn cooling solutions tailored to your specific needs.
,3l5] g0 [3azue 25 e g 36 Ulad Jass 55¢231 gan
Sl ) Juosdl § donayly ol geusS oliy an)l

Jeosdl dass @l 355 Jo OligSa 1355 2o danayll daass cuwls> grand daas pads

AMD Ryzen si Intel (i5/i7/19) Slalas J2e 5352l e
S e A SSD o381 Kingstons Corsair ;s RAM sslss (5/7/9)
s = ‘(COD) P‘Lw“gm i ABlyal OIS Blslg sslaze aay5 AUAS ] ASLOYL (dny s
S 415a] 20 |3azua L85 lacsg Laid Blad Jass 83e2Yl gaax

Sl g Jeosall
whats the operating system can offer
iFree s ey
We offer installation of Windows, Linux, and mac0OS Jeosdl dass @) 33555 Jo

operating systems.
03 50 dlsall SIS pan) Gnis oo dss 5355 sani

[rype your inquiries.. > Type your inquiries...

Figure 3.10: Multi language

5.4 Evaluation and Testing

Our multilingual chatbot evaluation relied on a semantic similarity-based methodology to as-
sess the quality of responses across three languages: Arabic, French, and English. Instead of
relying on strict string matching, we applied the MiniLM-L12-v2 paraphrase model to calculate
the cosine similarity between the generated responses and the corresponding reference answers,
taking into account that multiple semantically equivalent expressions may constitute correct re-
sponses. The evaluation dataset included 100 carefully selected queries, distributed across the
three target languages, with each generated response classified as correct or incorrect according
to a similarity threshold of 0.75. This threshold was set to strike a balance between accepting se-
mantically equivalent responses and maintaining quality standards. The methodology achieved
an overall accuracy of 78.2%, demonstrating the system's ability to understand and generate
answers. This similarity-based approach is clearly superior to traditional exact matching met-
rics for evaluating natural language generation tasks, especially in multilingual contexts where
semantic equivalence may manifest across a variety of linguistic structures, thus providing a
more objective assessment of a chatbot actual effectiveness in understanding and processing

user queries across diverse languages.
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Similarity Score Distribution

Number of Answers

El

Medium -

Category

Figure 3.11: Similarity Score Distribution

6 Future Work and Enhancements

To further enhance the performance, adaptability, and user experience of the proposed RAG-
based chatbot system, several areas for future development are identified. These enhancements
are aimed at improving the chatbot’s reliability, scalability, and intelligence in serving users

across various domains.

6.1 Interaction Logging and Analysis

Future versions of the system can include detailed logging of user interactions and chatbot re-
sponses. This data can be used for analytical purposes, such as identifying frequently asked
questions, improving the quality of the knowledge base, and fine-tuning model performance.
Additionally, an administrative dashboard could be developed to monitor and analyze chatbot

usage.

6.2 Intent Detection Model

Incorporating a dedicated intent classification model can improve the system’s ability to un-
derstand user queries more effectively. By detecting user intent (e.g., inquiry about a product,
complaint submission, or order tracking), the chatbot can better tailor its responses. This can
be achieved using pre-trained transformers such as BERT or DistilBERT, fine-tuned on labeled

intent datasets.
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6.3 Real-Time Database Integration

Integrating the chatbot with a live backend database would allow it to retrieve dynamic and real-
time information, such as product availability, stock levels, and pricing. This can significantly
enhance the relevance and accuracy of the chatbot’s responses, especially in an e-commerce

setting.

6.4 Fine-Tuning of Language Models

Fine-tuning the underlying language model using domain-specific datasets can improve its per-
formance in specialized tasks. Techniques such as supervised fine-tuning or parameter-efticient
tuning (e.g., LoORA) may be employed to adapt general-purpose models to the specific knowl-

edge and terminology of the application domain.

6.5 Voice Interaction Capabilities

To increase accessibility and user engagement, voice interaction features can be introduced.
These include speech-to-text (STT) for voice input and text-to-speech (TTS) for audio responses.
Integrating APIs such as Whisper for STT and Google TTS or Amazon Polly for TTS would

enable a fully voice-enabled chatbot interface.

6.6 Alerting and Notification System

An alerting system could be implemented to notify human agents or administrators when the
chatbot receives urgent or critical inquiries. Integration with communication platforms such as

email or messaging APIs would ensure that such inquiries are addressed promptly.

6.7 Dynamic Knowledge Base Updates

To maintain the relevance of responses, the system can be extended to support automatic updates
of the knowledge base. File monitoring tools such as watchdog can be employed to detect

content changes and trigger re-embedding processes without requiring manual intervention.

6.8 Administrative Knowledge Management Interface

An administrative interface for managing the knowledge base would provide a user-friendly
environment for curating and maintaining question-answer pairs. This feature would be partic-

ularly useful for non-technical users tasked with updating domain-specific content.

These proposed enhancements aim to transform the current prototype into a robust, adaptive,
and scalable Al-driven assistant. By incorporating these features, the chatbot will better align

with user needs, real-time data requirements, and evolving language technologies.
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7 Conclusion

This chapter describes an advanced chatbot application, specifically designed for our hardware-
based e-commerce and computing services platform. The system utilizes comprehensive lan-
guage models along with natural language processing techniques and a RAG-based architectural
framework to generate contextually relevant responses. The system effectively meets the needs
of Algerian users by enabling multilingual communication in Arabic, English, and French. In

addition to improving customer service,
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General Conclution

The integration of Al-driven chatbots into e-commerce platforms represents a transformative ad-
vancement in customer support, merging scalability with personalized user engagement. This
thesis presents the development of a multilingual chatbot designed to address product inquiries
in online stores, with a specialized focus on the Algerian market. By leveraging state-of-the-
art technologies—Retrieval-Augmented Generation (RAG) for dynamic data retrieval, Natural
Language Processing (NLP) for semantic understanding, and Large Language Models (LLMs)
for coherent response generation—the system delivers accurate, context-aware assistance in real
time. These innovations demonstrate how automation can enhance efficiency without compro-
mising the nuance of human interaction, ensuring both precision and adaptability in customer
service.

The chatbot’s architecture synthesizes RAG, NLP, and LLMs to create a robust framework
for knowledge retrieval and response generation. By grounding answers in structured, up-to-
date data, the system fosters user trust and reliability, while its multilingual capacity (supporting
Arabic, English, and French) addresses Algeria’s linguistic diversity, broadening accessibility.
This dual emphasis on technical rigor and cultural relevance highlights the chatbot’s ability to
navigate complex linguistic and contextual landscapes, thereby elevating user satisfaction. Such
capabilities underscore the importance of designing Al systems that are not only technologically
advanced but also socially and linguistically inclusive.

Future enhancements could further refine the system’s utility, such as real-time database syn-
chronization for live inventory updates, advanced intent detection to streamline user queries, and
voice-enabled interfaces to improve accessibility. Beyond e-commerce, the adaptability of this
framework suggests promising applications in healthcare, education, and public administration,
where multilingual, context-aware support is equally critical. In summary, this research exem-
plifies the potential of conversational Al to redefine digital customer service, offering a scalable
and adaptive model for intelligent support systems that balance automation with human-centric

design.
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Abstract

E-commerce is undergoing a paradigm shift thanks to the integration of artificial intelligence
technologies, particularly intelligent chatbots, which enhance user experience and provide im-
mediate and efficient customer support. This research presents the development of a multilin-
gual chatbot, based on Retrieval Augmented Generation (RAG) technology and Large Language
Models (LLMs), to provide accurate and contextual answers in Arabic, French, and English. The
system contributes to reducing the burden on human support teams and increasing customer sat-
isfaction, with the ability to dynamically update the knowledge base. The model demonstrates
high adaptability, making it applicable to multiple fields beyond e-commerce.

Résumé

Le commerce ¢lectronique connait un changement de paradigme grace a l'intégration des tech-
nologies d'intelligence artificielle, notamment les chatbots intelligents, qui améliorent I'expérience
utilisateur et offrent un support client immédiat et efficace. Cette recherche présente le développe-
ment d'un chatbot multilingue, basé sur la technologie de génération augmentée de recherche
(RAGQG) et les grands modeles linguistiques (LLM), pour fournir des réponses précises et con-
textuelles en arabe, francais et anglais. Ce systeme contribue a alléger la charge de travail des
équipes de support et a accroitre la satisfaction client, grace a la mise a jour dynamique de la base
de connaissances. Ce mode¢le fait preuve d'une grande adaptabilité, ce qui le rend applicable a

de nombreux domaines autres que le commerce électronique.
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