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SUMMARY

Topic title: A Website Supporting Vietnamese Text Editing
Student name: Bui Duy Hoang
Student ID: 102210314 Class: 21TCLC_KHDL2

The project "A Website Supporting Vietnamese Text Editing" aims to
provide a useful tool that enables users to easily and accurately compose content in
Vietnamese. The website features intelligent sentence suggestions, text
summarization, speech-to-text conversion, and an integrated smart assistant (chatbox).
These functionalities help users save time when writing and minimize grammatical
eITorS.

In addition, the tool is particularly beneficial in educational, administrative, and
media environments, where high standards of Vietnamese writing are required. By
integrating natural language processing (NLP) technology, the website goes beyond
being a simple text editor—it serves as a Vietnamese language assistant that
enhances writing quality and boosts user productivity.
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INTRODUCTION

In today’s rapidly advancing digital age, the demand for fast, accurate, and
efficient text editing has become increasingly important—especially for the
Vietnamese language, which features rich and complex grammatical structures.
However, most existing text editing tools primarily focus on English, while
Vietnamese has yet to receive adequate attention. Therefore, the project titled “A
Website Supporting Vietnamese Text Editing” was developed with the goal of
creating a user-friendly online platform to assist users during the writing process
through features such as sentence suggestions, text summarization, speech-to-text
conversion, and a smart assistant (chatbox). These features aim to improve writing

quality and save time.

The objective of the project is to develop a web-based system with a simple and
intuitive interface, integrating features that support Vietnamese text composition using
natural language processing (NLP) techniques. In addition, the system is designed to
ensure high accuracy in sentence processing, offer quick responses, and maintain
stable operation across common web browsers. The target users include students,
teachers, office workers, and anyone in need of writing or editing Vietnamese
documents online. The research scope primarily focuses on general-purpose text

processing and does not delve into legal, technical, or highly specialized documents.

Throughout the development process, the applied research methods include
surveying user needs, analyzing and designing the system based on function-oriented
modeling, selecting appropriate technologies for implementation, and integrating
Vietnamese NLP libraries. The system is also tested to evaluate its performance and
effectiveness. The thesis is structured into several chapters, including an introduction
to the project and related technologies; detailed system analysis and design;
implementation using web technologies; testing and evaluation; and finally,

conclusions along with future development directions.
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Chapter 1: TOPIC OVERVIEW

1.1. Overview

During both study and work, text editing is an essential skill. However, not
everyone has the ability to express ideas fluently and coherently, or knows how to
present content in a clear and grammatically correct manner. This is especially true for
Vietnamese writing, where composing texts that are concise, accurate, and stylistically

appropriate remains a challenge—particularly for students and general users.

Currently, there are several text editing tools on the market, such as Google Docs,
Microsoft Word, and Vietnamese input method editors. However, these tools primarily
focus on spell-checking and text input, and do not truly assist users in sentence

construction, idea expression, or intelligent summarization.

In contrast, English-language tools like Grammarly and QuillBot have proven to
be highly effective in assisting with writing, editing, and summarizing content.
However, these tools lack full support for the Vietnamese language. This indicates a
clear gap in the availability of user-friendly, Vietnamese-specific writing tools

equipped with practical support features.

In response to this need, the project was initiated to develop a website that
supports users in writing Vietnamese text more effectively. The website will integrate
features such as sentence suggestions, text summarization, speech-to-text conversion,
and a smart assistant (chatbox). It will be built as a web-based platform for easy access

and use from anywhere with an internet connection.

This is a highly practical and applicable project that meets real-world demands

and helps users save time while improving the quality of their Vietnamese writing.
1.2 Objectives and Significance of the Project

The main objective of this project is to develop a website that supports users in
composing Vietnamese texts more easily, quickly, and effectively. The website is
designed with a user-friendly interface and integrates key features such as sentence

suggestion, text summarization, speech-to-text conversion, and a smart assistant
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(chatbox). These functionalities aim to enhance users’ writing capabilities and save

time during the composition process.

Through this system, users no longer need to spend excessive time thinking about
how to express ideas or re-reading the entire text to condense the content. The
platform can assist in generating clear and coherent passages, thereby improving the

overall quality of written texts.

In terms of significance, the project offers high practical value and meets the real
needs of a wide range of users, including students, office workers, and anyone who
frequently works with Vietnamese texts. Furthermore, the project contributes to
promoting the application of natural language processing (NLP) technologies in real-
world contexts in Vietnam, paving the way for future research and the development of

intelligent applications specifically designed for the Vietnamese language.
1.3 Implementation Steps

The development of the project “Website Supporting Vietnamese Text Editing”

was carried out through the following main steps:

e Requirement Analysis and Feature Definition:Conduct a survey to
understand users' practical needs and define essential features, including
sentence suggestion, text summarization, speech-to-text conversion, and an
integrated virtual assistant (chatbox)

e Technology Research and Selection:Explore, compare, and select suitable
technologies for system development, including programming languages,
frontend/backend frameworks, natural language processing (NLP) libraries, and
data storage solutions.

e Data Collection and Preprocessing:Gather Vietnamese text datasets from
various sources, then clean and preprocess the data to serve as input for training
language models.

o Fine-tuning Language Models:Select pre-trained Vietnamese language
models such as PhoBERT, BARTpho, or GPT-Vi, and fine-tune them on the
prepared datasets to optimize their performance for tasks like summarization,
sentence suggestion, and natural Vietnamese language understanding.

e System and UI Design:Design the overall system architecture and develop a
user-friendly interface. Define the interactions between system components

such as frontend, backend, and AI models.
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e Feature Development and Integration: Implement system functionalities and
connect the user interface with the backend and language processing APIs.
Integrate the fine-tuned Al models into the processing pipeline.

e Testing and Evaluation: Test system features under real-world conditions,
assess accuracy, performance, and user experience. Record any errors and make
improvements as needed.

e Website Deployment and Report Completion:Deploy the system to a live
environment for user access and feedback. Finalize the graduation thesis report

and prepare presentation materials for the defense session.

1.4 Expected OQutcomes
1.4.1 Theoretical Contributions

The project also offers practical experience and technical understanding in
developing a full-stack web application, particularly in the interaction between the

client, server, and database layers, as follows:

e Backend: Gained knowledge of how web applications communicate via APIs,
specifically RESTful APIs /1], and successfully built a set of APIs using the
FastAPI framework.

e Frontend: Learned and applied the development of a cross-platform user
interface using Vue.js /2], and implemented effective communication between
the frontend and backend through API calls.

e Database: Gained experience in designing and building a relational database
using MySQL /3/ to manage and store application data efficiently.

e System Deployment: Applied Docker [4] technology for packaging and
deploying the application. The backend and database were deployed on a
Virtual Private Server (VPS) /5] to ensure stable system performance and

scalability.

1.4.2 Application Contributions

The project focuses on researching and developing core functionalities that
support Vietnamese text composition and improve writing quality. The system aims to
deliver a smooth and accurate user experience through intelligent tools. It deeply
integrates Natural Language Processing (NLP) and Artificial Intelligence (Al)

technologies to optimize user assistance. Additionally, the application provides an
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intuitive and user-friendly interface, fast processing speed, and system stability to

minimize errors during usage.
- Administrator Functions

e User Management:

o View all users

o Add new users

o Update user information

o Delete users

e Document Management

o View all documents

o Delete documents

- User Functions

e Account Management

o Register a new account

o Log in to the system

e Text Editing and Composition

o Create, open, and save documents

o Use basic text formatting tools (font, font size, color, bold, italic,

underline, lists, alignment, etc.)
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e Smart Writing Assistance

o Smart sentence suggestion: Provides context-aware sentence

completions or structure recommendations

o Text summarization: Automatically condenses long paragraphs into

concise summaries

o Speech-to-text conversion: Records user voice and converts it into text in

real-time

o Al-powered virtual assistant (Chatbox): Ask questions, request semantic

explanations, find synonyms/antonyms, or get help with phrasing

e Additional Utilities

o Restore document edit history (version control)

o Export documents to common formats (e.g., .txt, .docx, .pdf)

o Convert text to speech (Text-to-Speech)

Phu luc



2.1.

Chapter 2: THEORETICAL AND TECHNOLOGICAL BASIS

FastAPI (Python)

FastAPI /6] is a modern, high-performance Python web framework designed to

build APIs quickly and easily. Built on top of Starlette (for ASGI performance) and

Pydantic (for data validation and type hinting), FastAPI enables developers to create

powerful, standards-compliant APIs with minimal effort. It stands out for its

exceptional development speed, automatic API documentation, and excellent

developer experience.

Key Features and Highlights of FastAPI:

Phu luc

Outstanding Performance: Thanks to Starlette and asynchronous
programming (async/await), FastAPI achieves performance comparable to
Node.js and Go, making it ideal for high-load, low-latency applications.
Automatic API Documentation: Automatically generates interactive API
documentation using OpenAPI (formerly Swagger) and ReDoc directly from
your code, saving time and keeping documentation always up-to-date.

Strong Data Validation: With Pydantic and Python’s type hints, FastAPI
provides automatic, clear, and robust input/output data validation, reducing
errors caused by invalid data.

Rapid Development: Reduces code writing time by 50% to 80% compared to
traditional frameworks, thanks to intuitive syntax, built-in automation, and rich
IDE support.

Flexible Dependency Injection (DI): Offers a simple yet powerful DI system
for managing dependencies, sharing logic, and integrating external components
with ease.

Based on Open Standards: Fully compatible with OpenAPI and JSON
Schema, ensuring wide interoperability and integration capabilities.
Asynchronous Programming Support: Designed with async/await from the
ground up, enabling the natural development of high-performance 1/O-bound

applications.



Integrated Security: Provides easy-to-use tools to implement common security
mechanisms such as OAuth2 (including JWT tokens), HTTP Basic Auth, API
keys, and more.

WebSocket and GraphQL Support: In addition to RESTful APIs, FastAPI
(via Starlette) supports real-time two-way communication using WebSocket /7]
and can be easily integrated with GraphQL libraries like Strawberry or Ariadne.
Seamless Integration with the Python Ecosystem: Works well with a wide
range of Python libraries, from ORMs (like SQLAlchemy, Tortoise ORM) to
machine learning and data processing tools.

Easy Testing: Provides utilities that make writing unit and integration tests for
APIs simple and effective.

Microservices & Containerization Friendly: With its lightweight footprint,
fast startup, and high performance, FastAPI is ideal for building microservices
and packaging into Docker containers for deployment on Kubernetes /8.

ASGI Compatible: As an ASGI (Asynchronous Server Gateway Interface)
framework, FastAPI can run on high-performance ASGI servers like Uvicorn,

Daphne, or Hypercorn.

Figure 2.1 is the logo of the FastAPI framework.

2.2,

O FastAPI

Figure 2.1. Python Framework FastAPI

Overview of Python

Python is a versatile programming language that is easy to learn and use. With

its simple syntax and minimal requirement for prior programming knowledge, Python

is an ideal language for beginners. However, it is also widely used in complex projects

and various fields such as data science, artificial intelligence, web development, and

morce.

Notable features of Python include:
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Simple syntax: Python uses straightforward and easy-to-understand syntax,
allowing programmers to write clean and readable code.

Rich library ecosystem: With over 137,000 libraries and modules, Python
provides developers with a vast set of tools to build complex and efficient
applications.

Versatility: Python can be used to develop desktop, web, mobile, game, and
other types of applications.

Object-oriented support: Python is an object-oriented language, enabling
programmers to create classes and objects to enhance code reusability and
organization.

Interactive interface: Python offers an interactive shell that allows
programmers to test code snippets and interact with Python easily.
Cross-platform compatibility: Python supports multiple platforms such as
Windows, Linux, and macOS.

Web development support: Python provides various web development
frameworks like Django, Flask, and Pyramid, which help developers build web

applications easily and quickly.

Thanks to these outstanding features, Python has become one of the most popular

and widely used programming languages in the programming community. It is

extensively applied across different fields, from desktop application development to

artificial intelligence and data science.

Figure 2.2 provides an overview of the Python programming language.

Phu luc
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2.3.

Overview of Vue

Vue.js is a progressive and flexible JavaScript framework, created by Evan You

and the community, designed for building user interfaces (UI) and Single Page

Applications (SPAs). Vue.js stands out for its ease of adoption, high performance, and

the ability to integrate easily into existing projects or build complex applications from

scratch. It uses JavaScript (increasingly with TypeScript) as its primary language,

providing developers with an intuitive and efficient way to build dynamic and high-

quality web applications.

Key features of Vue.js include:

Phu luc

Progressive Framework Architecture: Vue.js is designed to be adopted
incrementally. Its core focuses only on the View layer, making it easy to
integrate into existing projects or libraries. You can use Vue to control just a
part of a page or to build a full-fledged SPA.
High Performance with Virtual DOM: Vue s utilizes a Virtual DOM [9/ to
optimize updates to the actual DOM, minimizing costly operations and ensuring
smooth and responsive performance.
Reactivity System: Vue automatically tracks data dependencies and efficiently
updates the DOM when the data changes, resulting in clean and manageable
code.
Component-Based Architecture: User interfaces are built from small,
independent, and reusable components. This encourages better code
organization and enhances maintainability.
Intuitive HTML Templates: Vue uses HTML-based template syntax, allowing
developers to easily bind the DOM to Vue instance data. Powerful and easy-to-
learn directives like v-if, v-for, v-bind, and v-on simplify development.
Hot Module Replacement (HMR): With modern build tools like Vite or Vue
CLI, Vue.js supports HMR, enabling developers to see code changes instantly
without reloading the entire page—significantly speeding up the development
process.
Rich Ecosystem:

o Vue Router: Official library for client-side routing.

o Pinia (or Vuex): Powerful state management solutions.

o Vue Devtools: Extremely useful browser debugging tools.
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o Vite/Vue CLI: Command-line tools for project scaffolding and
management.

Excellent Documentation & Large Community: Vue.js is known for its clear,
detailed, and frequently updated documentation. It also has a vibrant and
enthusiastic global developer community.
Easy Integration: Vue can easily integrate with various backends via APIs
(using fetch or axios) and connect to services like Firebase, Supabase, etc.
Lightweight Core: The Vue.js core library is very lightweight, contributing to

faster initial load times.

Noteworthy Considerations (Rather than strict "Disadvantages'):

High Flexibility: While beneficial, Vue's flexibility can lead to inconsistent
project structures across teams without a common convention.

Job Market (Region-dependent): Although popular, Vue job opportunities may
be fewer than React or Angular in some regions—though this is rapidly
changing.

JavaScript/TypeScript Requirement: For developers from other platforms,

becoming familiar with JavaScript and its ecosystem may take some time.

Despite that, with its ease of adoption, good performance, excellent documentation,

and a strong ecosystem, Vue.js has become one of the leading JavaScript frameworks

and is widely loved in the web development community.

Phu luc
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Figure 2.3 is a diagram illustrating the lifecycle of a component in Vue.js.
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Figure 2.3. Lifecycle Diagram of a Component in Vue.js

State Management with Pinia (Similar to GetX):

Pinia /70] is the official state management library recommended for Vue.js
applications (especially Vue 3). It is designed to be intuitive, fully compatible with
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TypeScript, and extremely lightweight. Pinia provides a simple yet powerful API for

managing the global state of an application.

Key features of Pinia include:

Intuitive and Type-Safe State Management: Pinia offers a clear approach to
defining "stores" (state containers). It has excellent TypeScript support,
enabling auto-completion and early error detection.

No Mutations (Compared to Classic Vuex): Unlike traditional Vuex, Pinia
simplifies state updates by allowing direct modification of state within actions
or through patch, resulting in more concise code.

Asynchronous Actions: Easily perform asynchronous operations (e.g., API calls)
inside actions, making it a good fit for modern applications.

Getters for Computed Data: Similar to computed properties in components,
getters allow you to derive or compute values from the state.

Great Devtools Integration: Seamlessly works with Vue Devtools, allowing
easy tracking of state, actions, and getters.

Modular Structure and Extensibility: Supports splitting the state into separate
modules (stores), which helps manage large applications more efficiently.
Extremely Lightweight: Pinia has a very small footprint and doesn’t
significantly increase your app’s bundle size.

Server-Side Rendering /71] (SSR) Support: Pinia is fully compatible with SSR

environments, making it suitable for both client and server-rendered apps.

With these features and benefits, Pinia is quickly becoming the go-to choice for

state management in the Vue.js ecosystem, making application development simpler

and more efficient.
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Figure 2.4 shows the logo of Vuejs.

vVue.js

Figure 2.4. Overview of Vue.js

2.4  Overview of MySQL (SQL) Database

SQL (Structured Query Language) is a programming language designed for
managing and accessing relational databases. A relational database is a method of
organizing data in which information is stored in tables, where each table represents a

specific type of object or event.
Key Characteristics of SOL Relational Databases:

e Structured Organization: Relational databases have a clear structure, with
predefined tables consisting of columns and rows.

e Data Integrity: These databases ensure data integrity by enforcing constraints to
maintain accuracy and consistency.

e Interactivity: SQL allows users to interact with the database easily through
query commands and operations on tables.

e Flexibility: Users can easily add, remove, or modify tables and columns to
adapt to changing requirements.

e High Performance: Relational databases are optimized for handling large

datasets and high-traffic environments.
However, SQL relational databases also have certain limitations:

e (Cannot Store Unstructured Data: They are limited to storing structured data and

are not well-suited for unstructured data such as text documents or multimedia.
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e Scalability Challenges: Scaling SQL databases can be difficult as the number of
users or data volume increases.

e [ess Ideal for Read-Heavy Applications: SQL databases are typically more
suitable for write-intensive operations. For read-heavy workloads, NoSQL

systems may be more appropriate.

In summary, SQL-based relational databases are widely used for their structured
nature, data integrity, interactivity, and flexibility. However, their limitations must be
carefully considered depending on the application's specific requirements, especially

when dealing with unstructured data, scalability, or read-intensive needs.

Figure 2.5 shows the logo of MySQL Database.

Figure 2.5. MySQL Database

2.5 TS5 Model — Text Summarization

TS (Text-to-Text Transfer Transformer) [/2/ is an advanced machine
learning model developed by Google Al, distinguished by its Transformer architecture
and a unique approach: treating all Natural Language Processing (NLP) tasks as "text-
to-text" problems. Instead of building separate models for each task, T5 is trained to
take an input text and produce an output text, regardless of the task. This is achieved
by adding specific prefixes to the input text to specify the desired task, such as

"summarize:" for summarization.
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In text summarization, TS has demonstrated exceptional effectiveness by generating

high-quality abstractive summaries—not only extracting key sentences but also

rephrasing and rewriting the content concisely and coherently.

Key Features of TS in Text Summarization:

Phu luc

Text-to-Text Framework:

o Benefit for summarization: Simplifies the workflow. Just provide the
original text with the prefix "summarize:", and the model will
understand and generate the summary. This makes integration and usage
straightforward.

Powerful Transformer Architecture:

o Uses the full encoder-decoder Transformer [/3] architecture, enabling
deep contextual understanding of the input text and producing coherent
and cohesive output.

Pre-trained on Massive Dataset (Colossal Clean Crawled Corpus [14] - C4):

o Pre-training on a massive and diverse dataset gives TS5 a broad
foundational knowledge of language, grammar, and common
informational structures—essential for generating accurate and natural
summaries.

Strong Abstractive Summarization Capability:

o TS5 doesn’t just copy from the original text. It can comprehend key points,
reinterpret them, and produce entirely new sentences that concisely
convey the core information, similar to human summarization.

Flexibility and Fine-Tuning Support:

o Although powerful out of the box, TS5 can be fine-tuned on specific
summarization datasets (e.g., news articles, scientific documents, legal
texts) to improve performance in specialized domains or writing styles.

Multiple Model Sizes

o TS5 is available in various sizes (e.g., T5-Small, T5-Base, T5-Large, T5-
3B, T5-11B), allowing users to choose a model that fits their
summarization quality needs and available computational resources.

Community and Ecosystem Support:

o Pre-trained and fine-tuned TS5 models for summarization are widely

available via libraries like Hugging Face Transformers, making

deployment and experimentation easier.
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How T5 Performs Text Summarization:

1. Prepare Input: The text to be summarized is prefixed with a task identifier. For
summarization,it’susually"summarize:".
Example: summarize: [Long document text to summarize...]

2. Processed by the Model: This prefixed text is fed into the TS model.

3. Generate Output: TS generates a new text segment which is the summary of the

input.
Advantages of Using TS for Summarization:

e High-Quality Summaries: Produces summaries that are accurate, capture the
main ideas, and retain important information.

e (Coherent and Natural Flow: The generated summaries are typically fluent, easy
to read, and have a natural writing style.

e Deep Contextual Understanding: Can grasp complex relationships and nuanced
meanings in the text.

e Time and Effort Saving: Automates the summarization process, allowing users

to quickly grasp the essence of long documents.
Considerations When Using T5:

e (Computational Resource Requirements: Larger T5 models require significant
hardware (GPU/TPU) for training, fine-tuning, and even inference at acceptable
speeds.

e Hallucination Phenomenon: Like other large language models, TS5 may
sometimes generate plausible-sounding but inaccurate or hallucinated
information not found in the original text.

e Input/Output Length Limitations: Transformer models have token length limits.
For very long texts, additional processing techniques (e.g., chunking,
summarizing sections) may be necessary.

e Need for High-Quality Fine-Tuning Data (if needed): To achieve optimal
performance for highly specific domains, fine-tuning with domain-specific
high-quality datasets is important.

The TS5 model, with its innovative text-to-text approach and the power of Transformer
architecture, has established itself as a highly powerful and effective tool for text

summarization. Its ability to produce high-quality, abstractive summaries makes it a
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top choice for applications requiring automated and intelligent distillation of large

volumes of textual information.

Figure 2.6 illustrates the text summarization task of the TS5 model.

“translate English to German: That is good.”

=,

“cola sentence: The course 15

S “Dasist put”
jumping well
“stsh sentencel: The rhino grazed on the T5 | “notacceptable.”
grass. sentence: & rhino is grazingin a
field.” ag gm
W .

"summarize: state authorities dispatched
emergency crews tuesday to survey the
damage after an onslaught of severe weather in
mississippi...”

“six people hospitalized after a
storm in attala county.”

Figure 2.6. Overview of the T5 Model [15]

2.6. GPT-2 Model — Sentence Suggestion

2.6.1 Introduction

This chapter presents the core theoretical foundations used to build and deploy
the text suggestion model. Key concepts include the Transformer architecture, the
GPT-2 [16] language model, and the transfer learning approach through fine-tuning
techniques. A solid understanding of these fundamentals is essential to comprehend
the operating mechanism, advantages, and implementation methods of the proposed

solution in this report.

2.6.2. Transformer Architecture and the Self-Attention Mechanism

Before the advent of Transformers, sequential models such as Recurrent Neural
Networks (RNNs) //7] and Long Short-Term Memory (LSTM) [I8] were the
dominant approaches for sequence processing. However, these architectures struggled
with capturing long-range dependencies in text and were difficult to parallelize during

computation.
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In 2017, Vaswani et al. [/19] introduced the Transformer architecture in the
groundbreaking paper “Attention Is All You Need”, which revolutionized the field of
Natural Language Processing (NLP).

The key innovation of the Transformer is the complete removal of recurrence,
replaced by the Self-Attention mechanism. This mechanism allows each word in a
sentence to compute an "attention" score with every other word in the same sentence.
As a result, the model can identify semantic and syntactic relationships between words

regardless of their distance. Specifically:

e Input: Each word is represented by a vector.

e Mechanism: From each input vector, the model generates three vectors: Query,
Key, and Value.

e Computation: The attention score between one word and others is calculated
by taking the dot product of the Query vector of that word with the Key vectors
of the other words. These scores are then normalized using the Softmax
function to create a weight distribution, which is multiplied with the
corresponding Value vectors to generate the output vector.

e Result: The output vector of each word is a weighted sum of all the words in

the sequence, where the weights reflect their level of relevance.

Thanks to its parallel processing capability and effective context understanding,

the Transformer has become the foundation of most modern large language models.
2.6.3. GPT-2 Language Model (Generative Pre-trained Transformer 2)

GPT-2, developed by OpenAl, is a large language model based on the

Transformer architecture. Its name reflects its key characteristics:

e Generative: The main goal of the model is to generate coherent and natural-
sounding text.

® Pre-trained: The model is pre-trained on a massive text corpus (40GB of
Internet text), allowing it to learn deep knowledge about language, grammar,
and common facts.

e Transformer: Its underlying architecture is based on the Transformer model.

A notable feature of GPT-2 is that it uses only the decoder part of the original

Transformer architecture. This "decoder-only" design is well-suited for text generation
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tasks because it operates in an auto-regressive manner — predicting the next word

based on all previously generated words.

To achieve this, GPT-2 employs a variant of the self-attention mechanism called
Masked Self-Attention. During computation, a "mask" is applied to prevent the model

from "seeing" future tokens in the sequence, ensuring that the prediction at position ¢

only depends on tokens from positions / to - 7.

Figure 2.7 describes the decoder-only architecture of the GPT-2 model, which is

suitable for the sentence generation task.
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Figure 2.7. Decoder-Only Model Architecture [20)].

2.6.4. Transfer Learning and Fine-Tuning
a. Transfer Learning

Transfer learning is a method in machine learning where a model developed for
one task is reused as the starting point for a model on a second task. Instead of training
a model from scratch—which requires a large amount of data and computational

resources—we leverage the "knowledge" learned from a source task /21].

In Natural Language Processing (NLP), this process typically involves two stages:

e Pre-training: A language model is trained on a massive unlabeled dataset (e.g.,
the entire Wikipedia, books, and websites). The goal of this phase is for the
model to learn general language representations, including grammar, semantics,

and background knowledge. GPT-2 is a product of this stage.
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e Fine-tuning: The pre-trained model is then further trained on a smaller,
domain-specific dataset tailored to a particular task (e.g., sentiment
classification, question answering, or in this report’s case, text suggestion for a

specific domain).
b. Fine-Tuning Process for the Text Suggestion Task

Fine-tuning is the process of "specializing" a general language model. In this project,

the GPT-2 fine-tuning procedure is conducted as follows:

e [Initialization: Load the weights of the pre-trained GPT-2 model. These
weights contain general knowledge of language learned during pre-training.

e Data preparation: Construct a specialized text dataset (e.g., financial reports,
legal documents, work emails). This data reflects the writing style, terminology,
and structure that the model is expected to learn.

e Continued training: Retrain the model on this domain-specific dataset with a
low learning rate. This process does not change the model architecture but
slightly updates the weights to adapt to the new data.

e Result: After fine-tuning, the GPT-2 model retains its ability to generate
coherent text but now favors producing sentences and structures aligned with
the specialized domain it has learned. This is the core mechanism that enables

the generation of high-quality, context-appropriate text suggestions for the user

[22].

2.7 Model — Speech-to-Text Conversion

I will build a model similar to Whisper. Whisper by OpenAl is a representative
Automatic Speech Recognition (ASR) model that utilizes the full Encoder-Decoder
architecture of the Transformer. Whisper is designed to solve the problem of

converting audio signals into corresponding text sequences [23].

2.7.1. Kién tric Encoder-Decoder ciia Whisper

The Whisper model consists of two main components that work sequentially to

process audio signals:

a.Encoder:
The Encoder’s task is to take in raw audio signals and transform them into a sequence

of hidden feature representations. This process includes:
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Audio Preprocessing: The input audio signal (e.g., .wav or .mp3 file) is
divided into small 30-second segments. It is then converted into a log-Mel
spectrogram—a 2D representation that reflects the intensity of different
frequencies over time. This is the standard input format for modern ASR
models.

Encoding: The log-Mel spectrogram is passed through a series of Transformer
encoder layers. Similar to the original Transformer architecture, Whisper’s
Encoder uses self-attention blocks to identify relationships across different parts
of the audio segment, allowing it to learn important phonetic and contextual
features. The Encoder’s output is a sequence of feature vectors containing the

encoded information from the audio signal.

b.Decoder:

The Decoder’s role is to take the encoded feature representations from the

Encoder and generate the corresponding text transcript.

Cross-Attention Mechanism: This is a key difference from decoder-only
architectures like GPT-2. In addition to using masked self-attention to process
the previously generated text tokens, Whisper’s Decoder includes a cross-
attention layer. This layer allows the Decoder to "attend" to the Encoder’s
outputs. At each step of text generation, the Decoder decides which parts of the
audio signal are most relevant for predicting the next text token.

Autoregressive Generation: Similar to GPT-2, the Decoder operates in an
autoregressive manner. It starts with a special token (e.g., <|startoftranscript[>)
and sequentially predicts the next token based on both the audio representations
from the Encoder and the previously generated text tokens. This process
continues until the model generates the end-of-sequence token (e.g.,

<|endoftext[>).

Figure 2.8 provides a complete illustration of the encoder-decoder architecture in

the Transformer model.
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Figure 2.8. The Encoder-Decoder Transformer Architecture

2.7.2. Key Features of Whisper

Whisper brings a breakthrough to the field of ASR thanks to the following

characteristics:
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Trained on massive and diverse data: Unlike earlier models that were trained
on carefully labeled, clean datasets, Whisper is trained on 680,000 hours of
audio collected from the internet. This data includes multiple languages, accents,
background noises, and topics. Such diversity gives Whisper exceptional
robustness, allowing it to perform well in real-world conditions rather than ideal
studio settings.
Multilingual and multitask support: Thanks to its diverse training data,
Whisper is not only a transcription model but also supports multiple tasks
within a single model:
o Language Identification: Detects the spoken language in an audio clip.
o Multilingual Transcription: Converts spoken words from nearly 100
different languages into text.
o Speech Translation: Performs direct speech-to-English translation from
any source language.
Open-source model: OpenAl has released the source code and pretrained
weights of Whisper, allowing researchers and developers to freely use, deploy,
and customize the model. This openness fosters innovation and supports
applications requiring high data privacy, as all processing can be done locally

without transmitting data to third parties /24].
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Chapter 3: SYSTEM ANALYSIS AND DESIGN

3.1. Use Case Diagram

Figure 3.1 is the use case diagram of the entire text editor system.
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Figure 3.1. General Use Case Diagram of the System

3.2. Use Case Diagram Specification

3.2.1. Login Function

Table 3.1 provides a detailed description of how the login function operates within the
system.

Table 3.1. Login Function Specification

Name Use - Case Login

Actor User, Administrator
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Description Allows users to log into the application and

assigns roles based on user types.

Trigger Condition The user accesses the login screen and clicks
the “Sign In” button.

Steps to Perform 1. The user enters login information: Username

and Password.
2. Clicks the “Sign In” button.
3. The system verifies the credentials.

4. Navigates to the homepage screen.

Result Navigates to the homepage screen.

Error Cases 1. The user enters incorrect login information.

2. The device 1s not connected to the internet.

3.2.2. Registration Function

Table 3.2 provides a detailed description of how the Register function operates within
the system.

Table 3.2. Registration Function Specification

Use-Case Name Register an account
Actor User, Administrator
Description Allows users to register for using the application.

Trigger Condition The user has accessed the registration screen.
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Steps to Perform

1. Enter the required information.
2. Click the “Sign Up” button.

3. The system validates the account and processes

the registration.

Result

Displays the message “Sign Up Successful, please

Login to continue” and returns to the login screen.

Error Cases

1. Invalid input format in one or more fields.
2. Username already exists.

3. Device 1s not connected to the internet.

3.2.3. Function to Create a New Document

Table 3.3 provides a detailed description of how the create new document function

operates within the system.

Table 3.3. Function Specification: Create New Document

Use-Case Name

Create New Document

Actor User, Administrator
Description Allows users to create a blank document for editing.
Trigger The user has logged in and selected the "Create New"
Condition function.

Steps to Perform

1. Click the "Create New" button.

2.The system opens a blank document interface.
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Result A new document is displayed, ready for editing.

Error Case The device is not connected to the internet.

3.2.4. Text-to-Speech Function

Table 3.4 provides a detailed description of how the read text function operates within
the system.

Table 3.4. Function Specification: Read Text

Use-Case Name Read Text
Actor User, Administrator
Description Allows users to listen to the text they have composed.
Trigger Condition The user has composed a document.
Steps to Perform 1. Click the “Read Text” button.

2. The system reads aloud the composed text.

Result The system reads the composed text aloud.

Error Cases The device is not connected to the internet.

No composed text is available.
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3.2.5. Save Document Function

Table 3.5 provides a detailed description of how the save document function operates
within the system.

Table 3.5. Function Specification: Save Document

Use-Case Name Save Document
Actor User, Administrator
Description Allows users to save the contents of a document.
Trigger The user has edited the content and presses Ctrl + S.
Condition
Steps to Perform 1.  Press Ctrl + S.

2. The system stores the data.

Result The system saves the document

Error Case The device is not connected to the internet.

3.2.6. Summarize Text Function

Table 3.6 provides a detailed description of how the summarize text function operates
within the system.

Table 3.6. Function Specification: Summarize Text

Use-Case Name Summarize Text
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Actor User, Administrator
Description Automatically extracts the main content from a long
text.
Trigger The document has content and the user selects
Condition “Summarize”.
Steps to Perform 1.  Click the “Summarize” button.
2. The system processes and displays the result.

Result The summarized content is displayed.

Error Case Slow internet connection or server error.

3.2.7. Ask Questions via Chatbox Function

Table 3.7 provides a detailed description of how the ask questions via chatbox function
operates within the system.

Table 3.7. Function Specification.: Ask Questions via Chatbox

Use-Case Name Ask Questions via Chatbox
Actor User, Administrator
Description The chatbox will respond to questions related to the

composed text.

Trigger The user opens the chatbox interface and enters a question.
Condition
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Steps to Perform 1.  Enter the question.
2. Click “Send”.

3. The system responds.

Result The answer is displayed in the chat window.

Error Case The chatbot does not respond due to network

disconnection or server error.

3.2.8. User Management Function

Table 3.8 provides a detailed description of how the user management function
operates within the system.

Table 3.8. Function Specification: User Management

Use-Case Name User Management
Actor User, Administrator
Description Allows the administrator to view all users and perform

add, edit, or delete operations.

Trigger User logs in with admin role.
Condition
Steps to Perform 1. Login.
2. Perform tasks to view, add, edit, or delete
users.
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Result Users are viewed, added, edited, or deleted

successfully.

Error Case The device is not connected to the internet.

3.2.9. Document Management Function

Table 3.9 provides a detailed description of how the document management function
operates within the system.

Table 3.9. Function Specification: Document Management

Use-Case Name Document Management
Actor Administrator
Description Allows the administrator to view all documents and

delete them if necessary.

Trigger User logs in with admin role.
Condition
Steps to Perform I. Login.
2. Perform tasks to view or delete documents.
Result Documents are viewed or deleted successfully.
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Error Case The device is not connected to the internet.

3.3. Use Case Diagram Specification

3.3.1 Sequence Diagram for Login Function

Figure 3.2 shows the login sequence diagram, illustrating the interaction between the
user, application, and server during the login process.
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" Pang nhap thanh coéng

Di dén trang chu
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-«

[DinH dang email khéng hgp @] T e
- Hién thi thong bao 16i "Pinh dang email khéng hop 1"

User App Server

Figure 3.2. Sequence Diagram for Login Function

3.3.2 Sequence Diagram for Registration Function
Figure 3.3 shows the register sequence diagram, illustrating the interaction between
the user, application, and server during the register process.
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Figure 3.3. Sequence Diagram for Registration Function

3.3.3 Sequence Diagram for Text-to-Speech Function
Figure 3.4 shows the text to speech diagram, illustrating the interaction between the

user, application, and server during the text to speech process.
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Figure 3.4. Sequence Diagram for Text-to-Speech Function

3.3.4 Sequence Diagram for Save Document Function
Figure 3.5 shows the save document diagram, illustrating the interaction between the

user, application, and server during the save document process.

Phu luc

34



User,admin App Server Dala;ase

Nogubi dung da thay déi ngi dung tai lidu,
[1] Nhdin t8 hop phim Ctrl + 5

[:2] Léy toan bf ndi dung tai ligu hién tai

[3] Giri yéu cdu cp nhét tai liu (documentld, content)

alt  J [Server phan hol (co két nél mang)]

[4] Tim tai liéu theo documentid va cdp nhit ngi dung mdi
|31 Xdc nhin chp nhitthanhcbag

lS1Phdnbil L thdnhetng®

[7] Hién thi théng bio nhanh "Bd vy +*

i G5 Al A SR BT Bari O RG] e e
' 181 Hién thi thiing bao Ii *Luu that bal. Vui long iém tra két ndi mang.”

User,admin App Server Database

Figure 3.5. Sequence Diagram for Save Document Function

3.3.5 Sequence Diagram for Text Summarization Function
Figure 3.6 shows the text summarization diagram, illustrating the interaction between
the user, application, and server during the text summarization process.
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Figure 3.6. Sequence Diagram for Text Summarization Function
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3.3.6 Sequence Diagram for Virtual Assistant Function
Figure 3.7 shows the Virtual assistant sequence diagram, illustrating the interaction
between the user, application, and server during the virtual assistant process.

Ngubi dung/Quan Iy Ung dyng (App) Trg Iy d0 (Al Service)
MNgubi ding dang soan thao va di ma giae dién Chatbox.

[1] Nnap cau hei vao khung chat va nhan “Gui®

[2) Liy ndi dung cdu hoi v nglcanh tir vin ban hidn tai

[3) G yéu cdu (cdu hoi + nglrcinh van bin)

alt  / [Djch vy Al phan hai (co két ndi mang va server hogt déng)]
[8) Phin tich cau hai dura trén nglr canh va tao clu trd 168
e
—
e [s] Travénﬁldum]{éu tra I 1
[6] Cip nhit giao dién khung chat
o L71 Hidin thi cdu trd 11 bir Trg b do
[Dich vy Al khéng phin ol (M két ndl mang hode server BIN]
_, [B] Hiéin thi théng bido i “Trg Iy &o khang phan héi. Vui long thir ki sau.”

Ngudi dung/Quan Iy Ung cunr,: (App) Trg ly do Iﬁl Service)

Figure 3.7. Sequence Diagram for Virtual Assistant Function

3.3.7 Sequence Diagram for User Management Function
Figure 3.8 shows the user management sequence diagram, illustrating the interaction
between the user, application, and server during the user management process.

Ngubi quan Iy Trang quan trj (App) Mdy chi (Server) Cosd ;u lidu

Noudi quén Iy di dang nhap véi val trd Admin

Xem danh sach nguoi dung J

[1] Truy cdp trang “Quan Iy Nguii dung*

2] Yéu chu I8y danh sach tit cé nguii ding .
A -

alt _/J [Cokétnol mang)
 [3] Truy vin danh sdch ngudl dunu’__
[ J41 778 v danh sach ngui ding |

[5] Phan héi véi danh sach nguéi ding

16 Hién thi bing danh sdch ngudi ding
[L81 két nél mang]
_ [71 Hidn thi thdng béo I8i "Khéng thl tai di ligu”

Thém ngusi dung méi 7

(8] Nhin ndt “Thém méi"

191 Hién thi form ahdp thdng tin ngutd dang

[10] Dién thong tin (tén, emal, vai trd...) va nhan “Lwu*®

[11] Gili yéu céu tao nqui diing méi vai di lidu dé nhap

alt /J (Cokét nal mang)

[12] Thém bén ghi nguii ding méi
ke [13] Xac nhiin thém thanh cing U
| 1241 Phén héi “Thém thanh cdng® L
[15] T4l lai danh séch nguisi ding trén giao dign
|
.
1181 Hién thi théng bio “BA thém nguii diing thanh cing*
B T woo ST VLR PR e T
‘_lﬂ]ﬁit‘n thi théng bido i “Théém thit bai, vui long kiém tra két ndi.”
C&c tc vy Sifa va Xoa cd ludng tuomg ty nhir Thém méi.
Ngudi guan ly Trang quan trj (App) My chi (Server) Co 50 dU ligu

Figure 3.8. Sequence Diagram for User Management Function
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3.3.8 Sequence Diagram for Document Management Function

Figure 3.9 shows the document management sequence diagram, illustrating the
interaction between the user, application, and server during the document management
process.

Ngudi quan Iy Trang quéan tr| (App) Méay chu (Server) Co s dir ligu

Ngudl quan Iy da dang nhap vai vai trd Admin.

Xem danh sdach tai ligu
[1) Truy cép trang “Quan ly Tai lidu™

2] Y&u cdu 18y danh sdch tat ca tai li¢u

alt / [Co ket nol mang]

[3] Truy vén danh sach tai li¢u

[4] Tra vé danh sach tai liéu | |

be [5] Phan héi wai danh sach tai ligu

181 Hién thibang danh séch cac tai ligu
[L5i ket noi mang]
[7] Hién thj thdng bio 16 "khéng thé tai di lidu®

X6a mot tai lidu J

[8] Nhan nit “Xda" trén mt tai lifu cy thé

191 Hién thj hép thoai xac nhin “Ban cé chac chdn mubn xda?"

[L0]) Nhin "X&c nhan”

[11] Guri yéu cdu xda tai Bgu voi documentld

alt  J [Co két nol mangl

[12] Tim va xda tai i¢u trong database_

[13) Xac nhén xba thanh cdng

le [14] Phan héi “Xéa thanh cdng”

| [15] %63 tai Iku khaoi danh sach trén giao dign

.—
[16] Hién thi thdng bao "Da xba ta liéu thanh cong”
LA két nél mang]
o [17] Hién thi théng bao 151 “X6a thit bai, vui long kiém tra két ndi.”

Ngudi quan ly Trang quan trj (App) May cha (Server) Co sa dir liéu

Figure 3.9. Sequence Diagram for Document Management Function

3.4. System Architecture

Figure 3.10 describes in detail the system architecture and the interaction between the
user and the system components
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Tuong tac
Ung dyng (Client / Frontend)

Nguai ding / Quan Iy ' A

Goi APl qua Internet (HTTP/HTTPS)

Hé théng Backend
Y

May chu (Server) :
A } 4
| .
IrTruy van va Luu 4 a0 Iu';u\\ch API cua Al Service

| N\
v 3

Co s dir liéu (Database) Dich vy Al (Al Service)

Figure 3.10. System Architecture

3.5. Database

3.5.1 Overview

The system's database is built on SQL — a relational database management system that
ensures efficient data management for users, documents, and editing history. The core

entities of the system include:

e User: Stores user information, including:
o Basic info: id, name, email, password hash
o role, status, and created at timestamp
o Relationships:
m A user can create multiple documents
m A user can perform multiple edits (document history)
e Document: Stores information about the documents created or edited by users:
o Attributes: id, title, file path, created by, created at, updated at
o FEach document is linked to its creator and can have multiple edit history
records.
e DocumentHistory: Logs the history of document edits:
o Includes: id, document id, editor id, file path snapshot, edited at

o Allows version tracking, identifying editors and timestamps.

These relationships are designed to be scalable, supporting advanced features in the

future such as:
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e Role-based access control (admin/user)
e Restoring previous versions
e Recal-time edit tracking

e Integration with online collaboration tools

The database is optimized for integrity, security, and scalability to support the

operation of an intelligent online document editing platform.

3.5.2 Table “users”
Table 3.10 describes the structure of the user table in the database.

Table 3.10. Users

Users
Column name Data Type Description
Id Int Primary key
Email String Unique email adress
Name String User’s full name
Password hash Text Encrypted password
Role String User role(e.g, admin/user)
Created_at Timestamp Account creation time
Status String Account Status

3.5.3 Table “documents”
Table 3.11 describes the structure of the documents table in the database.

Table 3.11. Documents

documents

Column name Data Type Description
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Id Int Primary key
file String Document title
file_path String File path in storage system
created by int User ID who created the document
created_at timestamp Document creation time
updated_at timestamp Last update time

3.5.4 “document _history”

Table 3.12 describes the structure of the history to edit document table in the database.

Table 3.12. Document edit history

document_history

Column name Data Type Description
Id Int Primary key

document id int Related document ID

editor_id int User ID who made the edit
file_path_snapsho string Path to the snapshot of the document at
t edit time
updated_at timestamp Time when edit was made

3.6. Artificial Intelligence Applications
3.6.1 Model Text Generation
3.6.1.1 Overview

This section presents the experimental process of building a text suggestion model by
fine-tuning the GPT-2 language model. It covers model selection, data preparation and
analysis, environment setup, training parameters, and concludes with evaluation results

and performance analysis.
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3.6.1.2 Model Selection

To perform text suggestion/completion tasks, the base model selected is GPT-2

(Generative Pre-trained Transformer 2). The rationale includes:

e Architecture Suitability: GPT-2 is a decoder-only, autoregressive
model tailored for text generation. It aligns perfectly with the next-word
prediction task.

e Pre-trained Knowledge: GPT-2 is pre-trained on a massive corpus,
providing it with strong linguistic knowledge in grammar, semantics, and
general facts. This enhances fine-tuning efficiency with a smaller dataset.

e Accessibility: GPT-2 is open-source and available in various sizes. The
small version (124M parameters) is used for this project to balance performance

and computational feasibility on common hardware.
3.6.1.3 Dataset

The effectiveness of fine-tuning depends heavily on the quality and relevance of

training data.

e Data Source: Texts from online journals such as Dantri, CafeF, etc.

e C(ollection and Formatting: Documents are organized into folders by topic to
enable the model to learn context and paragraph structure.

e Size: 3615 files

Preprocessing:

e Tokenizer: Default GPT-2 tokenizer is used for compatibility.
e Padding: Since GPT-2 lacks a native pad token, the end-of-sequence token

(eos_token) is used for padding to handle varying input lengths.
Data Statistics:

e Size: ~13.2 MB
e Word Count (estimated): ~850,000
e Token Count (after encoding): ~1,200,000

Training Configuration:
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e Optimizer (AdamW): An adaptive optimizer that decouples weight decay from

gradient updates to improve generalization.

e [ecarning Rate Scheduler (linear with warmup): Starts with a warmup phase to

stabilize early training, followed by a linear decay for better convergence.

e Training Loop:

(@)

(@)

(@)

(@)

Forward Pass: Compute predicted output and loss.

Backward Pass: Backpropagate loss to calculate gradients.

Gradient Clipping: Caps gradients at 1.0 to prevent exploding gradients.
Parameter Update: Gradients are used by AdamW to update model
weights.

3.6.1.4 Training Environment and Hyperparameters

Environment:

e Libraries: PyTorch, Transformers, Datasets (Hugging Face), Accelerate
e Hardware: Google Colab with NVIDIA T4 GPU, 16GB VRAM

Table 3.13 presents the evaluation training hyper-parameters of model GPT2 for text

generation task.

Table 3.13. Training Hyperparameters

Tham s6 Value

Model name : GPT2

Base model used for fine-tuning

Output_dir:/kaggle/working/gpt2-

finetuned

Directory to store the fine-tuned model

Per device train_batch size =4

Number of samples processed per
update
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learning_rate = 5e-5

Learning rate for parameter updates

Max length = 128

Maximum input sequence length in
tokens

Save Steps =500

Frequency of saving model checkpoints

Logging steps=100

Frequency of logging training loss

Num-train-epochs = 30

Number of full passes over the training
dataset

The model is trained using Hugging Face's Trainer class, which automates training

loops, computes loss, and updates weights using the AdamW optimizer.

3.6.1.5 Experimental Results

a. Qualitative Evaluation

Comparison between GPT-2 base and fine-tuned versions on the same prompts:

Table 3.14 describes the results of the GPT-2 model, which are used to evaluate the

model's performance.

Table 3.14. Text Genearation Comparison

Prompt

GPT2-Base Output

Fine-tuned GPT2 Output
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"Hop dong lao dong 13"

"Hop dong lao dong 1a
mot khai niém rat quan
trong. NoO co thé duoc
tim thay trong nhiéu linh
vuc khac nhau cua cudc
song, tir kinh doanh dén
chinh phu."

"Hop dong lao dong 1a
su thod thudn gitra nguoi
lao dong va nguoi st
dung lao dong vé viée
1am c6 tra cong, tién
lwong, diéu kién lao
dong, quyén va nghia vu
ctia moi bén."

"Nguoi lao dong co
quyén"

"Nguoi lao dong co
quyén duoc tra luong
cho cong viéc cua minh.
Do 1a mot trong nhitng
quyén co ban nhét cua
con nguoi."

"Nguoi lao dong c6
quyén: a) lam viéc; tu do
lua chon viéc lam, noi
lam viéc, nghé nghiép;
b) huong lvong phu hop
v6i trinh d9, k¥ nang
nghé; ¢) duogc bao ho lao
dong."
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"Thoi gid lam vi¢c khong
Ll

qua

"Thoi gid lam viéc
khong qué 8 gio trong
mot ngay va 40 gio trong
mot tuan. Pay 1a mot quy
dinh tot d¢ dam bdo strc
khoe."

"Thoi gio lam vige
khong qua 08 gid trong
01 ngay va khong qua 48
gio trong 01 tuan. Nguoi
st dung lao dong c6
quyén quy dinh thoi gid
lam viéc theo tuan hodc
ngay."

Observation:

e Base GPT-2: Produces grammatically correct but general sentences.

e Fine-tuned GPT-2: Outputs domain-specific, legally accurate, and contextually

appropriate sentences reflecting the training data.

b. Quantitative Evaluation

Training Loss: Decreased steadily from ~3.5 to ~0.21, indicating successful

learning and convergence.

e Perplexity: Lower perplexity signifies better prediction confidence and model

performance.

3.6.1.6 Overall Evaluation and Future Directions

a. General Evaluation:

Fine-tuning GPT-2 proved highly effective for text suggestion in a specialized domain.
The fine-tuned model captured legal-specific terminology and writing style, producing
coherent and relevant outputs.

b. Limitations:

e Data Dependence: Model quality is constrained by the quality and coverage of

the training data.

e Hallucination: The model may still generate plausible but factually incorrect

content.
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e Resource Intensive: Fine-tuning requires significant compute resources,
especially GPUs.

c. Future Work:

e Data Expansion: Enhance training quality by increasing data size and variety.

e Model Scaling: Explore larger GPT-2 variants (medium/large) for better
performance.

e Hyperparameter Optimization: Tune training parameters (e.g., learning rate,
batch size) for improved results.

e Application Development: Deploy the fine-tuned model in real-world
applications such as text editor plugins or chatbots for end-user support.

3.6.2 Convert speech to text
3.6.2.1.Overview

Whisper is an advanced deep learning model developed by OpenAl, specialized in
Automatic Speech Recognition (ASR) and speech translation. This model is built on
the Transformer architecture in a sequence-to-sequence format, enabling it to process
and generate text sequences from audio input sequences.

One of Whisper’s key strengths is its multitask and multilingual capabilities. It was
trained on a massive dataset of 680,000 hours of labeled audio, covering a wide range
of languages and recording conditions. This allows the model to achieve high accuracy
and exceptional generalization.

The overall working process of the model can be summarized in five main steps:

e Input: An audio segment.

e Preprocessing: Normalize the audio by trimming or padding it into 30-second
segments.

e Feature Extraction: Convert the audio into log-Mel spectrogram features.

e FEncoding: Feed the audio features into the encoder to produce a semantic
representation.

e Decoding: Pass the encoded representation to the decoder to generate the
predicted text (either transcription or translation).

The roadmap of the speech-to-text process is detailed step-by-step in Figure 3.11.
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Figure 3.11: Roadmap

3.6.2.2.Detailed Architecture

The model consists of two main components: an Encoder and a Decoder.

The detailed architecture of the speech-to-text model is illustrated in Figure 3.12.

(C——) |
[, | il
A i ik % Postional
& (background music playing) _—I“\\ ) ; _ [—
p SOT| EN Tar 00 In-fqm

Text to speech

Multitask training data (680k hours)
§  "Ask not what your country can de for | ]
# Ak not what your country can do for (i a—n__| |
Any-to-English speech transiation T
® "l rdpido zorro marrdn salta sobre -* p—— " m
# The quick brown fox jumps over E _ e Dacoder Blocks
Non-English transcription | —— -
$ oI WOl BA URCRS UFL W3 K8 - |
2 ois wel el eiciue! LB T 0 -

Figure 3.12. Model Architecture
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e Step 1: Audio Processing:

o Format normalization: The audio data is converted to mono format
with a sampling rate of 16,000 Hz.

o Segmentation: The audio is divided into fixed-length segments of 30
seconds. Segments shorter than 30 seconds are padded with silence to
meet the required length.

o Feature extraction: The Fast Fourier Transform (FFT) is applied to
convert the audio signal from the time domain to the frequency domain.
The result is then transformed into a log-Mel spectrogram, a vector-
based representation that captures the key features of the audio. This

spectrogram serves as the input to the encoder.

Figure 3.13 illustrates the process of input audio preprocessing in the speech-to-text
model.

Multitask training data (680k hours)

$  “Ask not what your country can do for - Suparased
. Mono-16000hz

J  Ask not what your country can do for
- ' ¥ - 30 saconds

Any-lo-English speech translation

9 "Bl rdpido 20rro marrdn salta sobre —* wﬂ\f i
! The quick brown fox jumps over = — J/!’ FFT
Non-English transcription i
‘ P Dhawviae

"R Fiol B2 uICHEY LR WD e T at ,

J oicl 9o B2 URICiu LRL) 9D ge

No speech
o (background music playing)

y 2

Log-Mel Spectrogram

Figure 3.13: Input Audio Processing

Step 2: Encoder:The first component of the model is the Encoder, which is
responsible for processing the audio and extracting features that represent the

spoken content within the audio segments. It consists of the following parts:

e 2 x ConvlD layers with GELU activation function: Used to extract

features from the input log-Mel spectrogram.
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e Positional Embedding: Whisper uses sinusoidal positional embeddings
to encode both the absolute position of each token and the relative

positions between tokens.

Figure 3.14 provides a detailed illustration of the Sinusoidal Positional Embedding
process in the speech-to-text model.

o
7~
o3
>4
}
—
~r
Il
)
O
wn
—_

|
| MLP 1
(__seif attention
I S - -
' Sinusoidal |
— Positional (7\~
. Encoding
""""""" /" 2xConviD +GELU .
E - k :
| P(k,21)= sin( —) |
5 k i

e I N .

Figure 3.14: Sinusoidal Positional Embedding

e FEncoder block:
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Figure 3.15 illustrates the detailed architecture of the Transformer encoder used for the
speech-to-text task.
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Figure 3.15. Transformer Encoder Blocks

A standard Encoder block consists of a multi-headed self-attention layer
and a feed-forward layer, both followed by layer normalization and the
GELU activation function.

Multi-Head Attention helps mitigate the limitations of global attention
by capturing relationships between words from multiple perspectives. It
works by splitting each of the Q, K, and V matrices into h smaller parts
(heads). Then, Scaled Dot-Product Attention is applied to each part, and
the results are concatenated and combined.

Scaled Dot-Product Attention focuses on the more important parts of the
input sequence, effectively modeling semantic relationships and
improving the model’s ability to learn long-range dependencies.

Add & Norm Layer simply normalizes the output of the multi-head
attention layer, improving convergence and model stability.

Residual Connection minimizes the vanishing gradient problem and
ensures that contextual representations of input tokens retain their

original information.

! Muiti-Head Attention
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e Feed-Forward Network (FFN): This block has a structure similar to other
Transformer models, consisting of two linear layers with a non-linear

GELU activation function in between.

Step 3: Decoder:

Phu luc

The decoding part of the model is the Decoder, which is responsible for
generating the text output (either transcription or translation). Whisper uses a
fairly standard decoder architecture, similar to those found in many
Transformer-based decoders. It includes the following components:

Multitask training format:
This is a simple format used to define all tasks and relevant information as a
sequence of input tokens fed into the Decoder. These tokens include a language
tag (e.g., en or vi) and a task specification indicating whether the output should
be a transcription or a translation. This clever design enables the model to
handle a wide range of NLP tasks with flexibility.

Prev (Previous tokens): These are the input tokens for the model, including the
previous tokens that have already been processed.

Prev text tokens: These are the previously decoded text tokens.

Start of transcript: The model identifies initial information such as the language
of the audio and then decides whether to proceed with transcription or
translation.

Language tag: Used to instruct the model to process the audio in the
corresponding language.

Transcribe: Converts the audio signal into text in the same language.

Translate: Translates the audio signal from one language into English.

Voice Activity Detection: This block determines whether speech is present in
the audio signal. If no voice is detected, the model skips transcription for that
segment and jumps directly to the End of Transcript (EOT).

Time-aligned transcription: This process produces a transcription with
timestamps. The model inserts special tokens indicating the start time and end

time of each transcribed segment.
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e Text-only transcription: The model generates only text tokens without
timestamps, meaning only the content is provided without information on
start/end times for each phrase.

e EOT (End of Transcript): Marks the end of the transcription or translation
process. The model has completed its task and there are no further tokens or

data to process.
Positional Embedding:

Figure 3.16 shows the token sequence used in the multitask training format, where
each token is combined with learned positional encoding to provide input for the

model.

Learned
Positional
Encoding

SOT| EN 4% 0.0 | The |quick| ***

Tokens in Multitask Training Format

Figure 3.16: Positional Embedding

e Model uses learned positional embeddings for the decoder block. Each token is
represented by a learnable vector during training, similar to how token
embeddings are learned.

® Decoder block: The standard decoder block consists of Masked Multi-Head
Attention, a Feed-Forward layer, and Cross-Attention layers, all followed by

Layer Normalization and the GELU activation function.

Figure 3.17 illustrates the architecture of the decoder in the Transformer model used

for the speech-to-text task.

Phu luc



., | EN s 0.0 | The \quickbrown *** :
next-token i
prediction ; el

e T Taraat

_____________________________

Figure 3.17: Decoder block

Step 4: Generate Output Tokens:Add the predicted token to the sequence of predicted
tokens.

e Example:
o Start with the token sequence:
|<EN>|,|<TRANSCRIBE>|,|<0.0>||[<EN>|, <KTRANSCRIBE>|,
|<0.0>|I<EN>|,|[<TRANSCRIBE>/,[<0.0>|

o If the next predicted token is |"The"||"The"||"The"|, the updated token

sequence becomes:

|<EN>|,I<TRANSCRIBE>,|<0.0>|,|"The"|[<EN>|, [<TRANSCRIBE>|,
<0.0>|,|"The"||<EN>|,|<TRANSCRIBE>|,|<0.0>|,|"The"|

Table 3.14 describes the probability distribution of words in the speech-to-text model.

Token Probability distribution
“nhanh” 0.7

“cham” 0.1

“trai” 0.05

“gai” 0.15

Table 3.14: Probability Distribution Table

o Sample a token from the distribution:The token |<*‘quick”>|, which has
the highest probability of 0.7, is selected as the next token.
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o Repeat steps 1-4 until either the entire audio has been transcribed or the
end-of-sequence token [<“eos™| is encountered. The current token

sequence 1S
|<EN>|,|<TRANSCRIBE>1,|<0.0>|,|“The”|,|“quick” || <EN>|,
<TRANSCRIBE>|, <0.0>|, “The”’,

|“quick”||<EN>|,I<TRANSCRIBE>|,|<0.0>|,|“The”|,|*quick”|, and the
process continues until a complete sentence 1s generated.
An  example of a  completed sequence could  be:
|[<EN>|,I<KTRANSCRIBE>|,|<0.0>],|“The”|,|“quick™],|“fox|,|<*“eos>||

<EN>|, |<TRANSCRIBE>|, [|<0.0>, [“The”, |“quick”, |“fox”],
<*“e0s”>||<EN>|,|<TRANSCRIBE>,|<0.0>|,|“The”|,|“quick”],|“fox,|
<“COS”>|

3.6.2.3. Multitask Training Mechanism and Parameters

Model uses a very smart input format for the decoder, which allows it to perform

multiple tasks simply by changing the special tokens at the beginning of the sequence.

PREV: Contains the tokens of the previous context (if any).

START OF TRANSCRIPT: |Indicates the beginning of the
transcription/translation process.

Language tag: A token specifying the language of the audio (e.g., <en>, <vi>).
Task tag: Specifies whether the task is transcription (same language) or
translation into English.

NO SPEECH: A token indicating that the audio segment contains no speech.
Timestamp tokens: Allow the model to perform time-aligned transcription.

End of Transcript: Marks the end of the text generation process.

Thanks to this input format, Whisper can perform multiple tasks with a single model,

including:

Phu luc

Language Identification

Monolingual Transcription

Any-to-English Translation

Voice Activity Detection

Training data: 680,000 hours of labeled audio
Input audio format: Mono, 16,000 Hz
Processing segment length: 30 seconds

Input features: Log-Mel Spectrogram
Architecture: Transformer Encoder-Decoder

Positional Embedding (Encoder): Sinusoidal
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Positional Embedding (Decoder): Learned

3.6.2.4. Inference Process

The text generation process in Model is autoregressive.

Start: The input sequence for the decoder is initialized with special tokens, e.g.,
<SOT>,<en>,<TRANSCRIBE><0.0><SOT>, <en>, <TRANSCRIBE>,
<0.0><SOT>,<en>,<TRANSCRIBE>,<0.0>.

First token prediction: The model predicts a probability distribution over
possible text tokens. The token with the highest probability (or sampled from
the distribution) is selected.

Example: "The".

Iteration: The predicted token is appended to the decoder’s input sequence:
<SOT>,<en>,<TRANSCRIBE>,<0.0>,"The"<SOT>, <en>, <TRANSCRIBE>,
<0.0>, "The"<SOT>,<en>,<TRANSCRIBE>,<0.0>,"The".
The process repeats, predicting one new token at a time based on both the
audio representation and the previously generated tokens.

Termination: The process stops when the model predicts the <EOT> (End of

Transcript) token or reaches the maximum sequence length.

3.6.2.5. Evaluation of Results
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Outstanding performance: Thanks to its massive dataset and Transformer
architecture, Whisper achieves high accuracy in both clean studio conditions
and noisy environments.

Flexibility: Its multitask and multilingual capabilities within a single model
represent a breakthrough, simplifying complex speech processing workflows.
Generalization ability: The model performs well across various accents,
dialects, and topics without requiring fine-tuning for specific datasets.
Long-context handling: Processing 30-second segments enables the model to
capture longer contextual information compared to traditional methods.

High computational resource requirements: Large Transformer-based
models like Whisper demand powerful hardware (e.g., GPUs) for both training
and inference.

Latency: The autoregressive nature of the model may introduce latency,

making it less suitable for applications that require strict real-time processing.
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e '"Hallucination": In some cases, the model may generate text that is not
present in the original audio, especially when the input signal is unclear or

repetitive.

3.6.2.6. Conclusion

Model is a powerful, comprehensive, and groundbreaking model for speech
recognition and translation.By combining a modern Transformer architecture with a
large-scale training dataset and an intelligent multitask mechanism, Model has set a
new standard for performance and flexibility in the field of automatic speech
processing.This report has outlined the model’s architecture and operational
mechanisms in detail, highlighting the complexity and sophistication behind its
impressive performance.

Phu luc
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Chapter 4: IMPLEMENTATION AND EXPERIMENTATION

4.1. Deployment Environment

4.1.1. Source Code Storage and Management Environment

To manage the source code and development workflow of the project, we adopted a
modern set of tools and methodologies, with Git serving as the core foundation. Git is
a Distributed Version Control System (DVCS) that enables each developer to maintain
a complete and independent copy of the entire project, including its full history of

changes. This architecture promotes parallel development and operational flexibility.

To facilitate collaboration and centralized storage, we utilized GitHub, a cloud-based
platform built on top of Git. GitHub not only serves as a remote repository but also
provides a collaborative workspace where community-driven features such as
discussions, issue tracking, and code review are integrated, significantly enhancing

teamwork efficiency.

Our workflow is structurally designed to ensure code quality. All development
activities—whether implementing new features or fixing bugs—are performed on
independent branches created from the main branch (master). Once work on a feature
branch is complete, a developer opens a Pull Request (PR) on GitHub to propose
merging their changes. This PR acts not only as a merge request but also as the entry

point for our automated quality assurance pipeline.

Immediately, GitHub Actions, our integrated Continuous Integration/Continuous
Deployment (CI/CD) system, is triggered. It automatically executes a series of tasks
such as building the project, running test suites, and performing code analysis. A Pull
Request is only reviewed and approved by other team members after all automated

checks pass successfully, ensuring the overall integrity and quality of the codebase.

Figure 4.1 illustrates the GitHub management environment within the text editor
system.
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4.1.2.

Figure 4.1: Github

Project Development Environment

IDE: Visual Studio Code
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Visual Studio Code (commonly referred to as VS Code) is a lightweight yet
powerful source code editor developed by Microsoft. It supports development
across various platforms including Windows, macOS, and Linux, and is well-
suited even for computers with moderate specifications due to its optimized
performance.
VS Code provides a streamlined coding experience with features such as syntax
highlighting, intelligent code completion, debugging, and built-in Git
integration. These capabilities significantly accelerate development and
improve code quality.
Additionally, the extensibility of VS Code is a major strength. A vast library of
extensions is available to support a wide range of programming languages and
frameworks. Notable extensions used in this project include:
o ESLint — for real-time JavaScript/TypeScript code linting and quality
enforcement
o GitLens — enhances Git capabilities and history exploration
o ReactJS, FastAPI, Vue.js — for framework-specific development
support
These tools collectively contribute to a flexible, developer-friendly environment

that enhances productivity during all stages of project development.
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Figure 4.2 illustrates the code execution environment within the text editor system.

A

Visual §tudio Code
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Figure 4.2: Visual studio code

API Testing Tool: Postman
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Postman is a widely used platform for designing, testing, and documenting
APIs, particularly RESTful services. It offers an intuitive graphical user
interface that enables developers to construct HTTP requests, inspect responses,
and automate test scenarios without the need to write code from scratch.
Postman supports a wide range of HTTP methods (GET, POST, PUT, DELETE,
etc.) and allows for the inclusion of parameters, headers, body content, and
authentication tokens. This flexibility makes it an essential tool for validating
API functionality, verifying data exchange formats (e.g., JSON, XML), and
ensuring endpoint correctness throughout the development lifecycle.

In this project, Postman was employed during the integration and testing phases
to:

Interactively test RESTful API endpoints.

Simulate real-world API calls and inspect server responses.

Perform regression tests for critical API functions.

o O O O

Ensure proper communication between the front-end and back-end
modules.
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e [ts case of use, combined with extensive support for automation and scripting,

makes Postman an indispensable tool for modern API development and testing
workflows

Figure 4.3 illustrates the API testing environment within the text editor system.

Figure 4.3: Postman

Database: MySql WorkBench

Figure 4.4 illustrates the database management environment within the text editor
system.
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Figure 4.4: Mysql WorkBench
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4.2. Achieved Results
4.2.1. Main Interface of the Application

Figure 4.5 illustrates the login interface in the text editor system.
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Figure 4.5. Login Interface

Figure 4.6 illustrates the Register interface in the text editor system.
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Figure 4.6. Register Interface
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Figure 4.7 illustrates the Home page interface in the text editor system.
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Figure 4.7: Home Page Interface

Figure 4.8 illustrates the editor interface in the text editor system.

B oDocs  Tailigu khing tn 2 D H-REAE I =< Chest @

BoBas ~~ 0X 0O EES

Al “Ev B I U F AmmS

sl
el
#

| Day s bai bao rit dii i nhidy théng tin chi tife, cd th gBm céc sy kign, phéng vin, v phan tich Chitng ta
o thef chia bai bao nay thanh cae doan nhd va tom tit timg phiin. Sau dé, kit hop cac tom Wt la & 1ao ra mot
1 it cudi cing, Comg vl da, cac dogn vn o6 thif chifa thang tin quan trg ma hinh nhan didn v
tém BdR sao cho ngdn gan nhung diy &b ¥ nghia Bigu nay cé thé bao gbm c dc ang, syl kign dic bidt, va
phdin tich shu she vé cac vBn dé ndi bit trang xi b OO nhu vy, bai bao 8 duac w0 by va rsdhi philin clin nd 58
duigic ma hinh 30 ra mat tOm 13t ridng bsbi

Figure 4.8:Editor Interface

Figure 4.9 illustrates the text summarization interface in the text editor system.
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Figure 4.9. Text Summarization Interface

Figure 4.10 illustrates the sentence suggestion interface in the text editor system.
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Figure 4.10. Sentence Suggestion Interface
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Figure 4.11 illustrates the document assistant interface in the text editor system.
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Figure 4.11. Document Assistant Interface

4.2.2. Model Training Results

4.2.2.1Model text summarization result

Figure 4.12 illustrates the results of the TS model in the text summarization task.
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Figure 4.12. T5 Summarization Model Training Results

Table 4.1 describes the results of training loss, validation loss, ROUGE-1, ROUGE-2,

and ROUGE-L scores.
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Table 4.1. TS5 Summarization Model Training Results

Parameters Value
Train Loss 0.0062
Val Loss 0.0302
Rougel 0.9735
Rouge2 0.9543
RougeLl 0.9726

e The training chart clearly illustrates the model’s learning process, with a
consistent decrease in training loss, indicating a continuous improvement in the
model’s learning performance over each step. However, the validation loss,
after an initial decline, starts to slightly increase after around 1000 steps. This
reflects signs that the model begins memorizing the training data rather than
generalizing — a common phenomenon known as overfitting. Meanwhile, the
ROUGE scores reach high values early on and remain stable throughout the
training process. This indicates that the model can generate text with good
quality, preserving content and structure similar to the original text. Therefore,
it can be concluded that the model has learned a suitable representation for the
task. However, early stopping should be considered to prevent a decline in

generalization capability.

4.2.2.2 Model text generation

Table 4.2 describes the results of the text generation model with evaluation metrics
including ROUGE-1, ROUGE-2, and ROUGE-L.

Table 4.2. Result model text generation

Parameter Value
Rouge 1 46.63
Rouge 2 32.17
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Rouge L 38.2

ROUGE-1 (46.63%) indicates that the model is capable of preserving nearly
half of the important words from the reference text — this reflects a good level
of lexical coverage.

ROUGE-2 (32.17%) is a fairly impressive result, showing that the model not
only retains vocabulary but also captures contextual word pairs, which is crucial
in tasks like text summarization or text generation.

ROUGE-L (38.20%) suggests that the model can generate sequential word
structures that match the reference text, indicating coherence and structural

consistency in the generated sentences.

4.2.2.3 Model speech to text

Table 4.3 describes the results of the Spech to text model with evaluation metrics
including

Table 4.3. Result model speech to text

Parameter Value
SLER 32.6
WER 38.2

Phu luc

Errors in word segmentation or spacing have a greater impact on WER, but less
so on SLER.

SLER is a more appropriate metric for evaluating ASR performance in
Vietnamese or other languages with unclear word boundaries.

The model demonstrates decent syllable recognition with an accuracy of
approximately 67.4%.

However, further improvements are needed in context handling and word
segmentation to reduce WER.

It is recommended to prioritize SLER when evaluating ASR systems for
Vietnamese, and consider applying post-processing techniques to enhance

WER for real-world applications.
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CONCLUSION

1. Achieved Results

During the process of studying the theory and implementing the application, the

project “Building a Website to Support Vietnamese Text Editing” has achieved the

following notable results:

e Theoretically, the team applied learned knowledge to:

O

O
O
O

Design the system from the backend to the user interface.

Analyze and build the database to store documents and user data.
Develop APIs using FastAPI.

Deploy the system using Docker for service packaging, and VPS as the
infrastructure platform, ensuring the system runs stably and is easy to

maintain.

e Functionally, the system has completed the main features such as:

o O O O O O

O

Account management: user registration and login.

Professional text editing and formatting.

Intelligent context-aware sentence suggestions.

Quick summarization of long text content

Speech-to-text conversion

Integration of a virtual assistant (chatbot) to support explanations,
synonyms/antonyms, and effective expressions.

Document version history management and exporting files in popular
formats such as .txt, .docx, and .pdf.

User and document management.

o Interface-wise, the application is designed to be modern, intuitive, user-

friendly, and ready for future commercial expansion.

2. Limitations

Alongside the achieved results, the system still has some limitations such as:

- Some advanced features, like multi-user collaboration on a single document or

automatic style editing, are still in the research phase.

- Certain Al modules, such as speech-to-text, do not perform well in noisy

environments or with regional accents.

3.Development Directions

In the near future, the system will continue to be improved in the following directions:

Phu luc
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e  Develop a dedicated website administration interface for admins to monitor and
manage users, documents, and activity history.

e  Add real-time collaboration features, allowing multiple users to edit a document
simultaneously.

e  Deploy mobile applications on Android and 10S to increase convenience.

e Integrate an internal social network where users can share documents, receive
feedback, and engage in academic exchanges.

e  Enhance Al capabilities, especially features such as plagiarism checking, writing
style improvement suggestions, and personalized recommendations based on

writing purposes.

Phu luc
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