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ABSTRACT

Bengali is a native language spoken by more than 250 million people all over the world.
Building a system that can understand human language and provide meaningful
responses is really important in Natural Language Processing (NLP), which is also
advancing rapidly. Building a system in Bengali is difficult, as there are scarcity of data,
complex morphological and versatile syntax. The project titled “Bengali Natural
Language Processing: A Fine-Tuned Approach to Question Answering”, creates a
QA model intended for Bengali Language. We have created a structured general
knowledge based Bengali question-answer dataset which is used to fine-tune a pre-trained
language model. The proposed system is a transformer based architecture to enhance the
comprehension and contextual reasoning capability of Bengali QA system. With a domain
specific dataset fine tuning the proposed model can improve performance in
understanding of Bengali language. This work also highlights the challenges of handling
limited resources and present an approach to generalize other low resource languages.
The main goal is to enrich the model’s ability to understand and answer questions in
Bengali with more accurate and also contributing the advancement of NLP tools for low

resource language.
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Chapter 1

Introduction

This chapter introduces the overview of the work on question answering in Bengali which is
low-resource language processing. It describes the goal of the project and employing a

multilingual model and the techniques used for productive question-answering.

1.1 Introduction

Natural Language Processing (NLP) is advancing rapidly for building systems which can
understand human language and can make meaningful responses. A great number of
progress has been made in languages like English and Chinese. But native language like
Bengali remain behind in this race of NLP. Specially in question answering (QA research [1].
These lacking of Bengali language highlights the need of efforts to develop resource and

system which can address the linguistic complexities.

More than 250 million of people speaks in Bengali all over the world. Thus it is one of the
mostly spoken language of the world. In spite of having huge number of speakers,
computational resources and NLP applications are still limited and low comparison the other
high resource languages. Question answering system specific goal is to generate precise
responses to user queries in Bengali language. The development of this system faces various

problems because for the lack of qualityful datasets and tools.

One of the difficult tasks of building QA systems in Bengali stems fro more linguistic and
technical challenges. These difficulties are datasets, complex morphological structures of the
language and its versatile syntactic patterns [2]. These features make complications in
preprocessing, dataset design and model training which are basic steps in building effective

QA systems.

For these challenges, the project titled “Bengali Natural Language Processing: A Fine-Tuned
Approach To Question Answering” aimed to create a structured qualityful dataset and the
development of a QA system. This approach ensures the model contribution to the

advancement of NLP.

1.2 Motivation

The demand for Bengali Content and highlights the need for specific-language models.Most
©Daffodil International University 1



of the QA models are good in English but are weak in other languages because of the lack of
training datasets.Bengali is one of the largest native language and there is not plenty of
resources and researches in NLP .This project is was motivated to reduce the linguistic gap
by developing a QA model for Bengali and ensure a great Al representation for low-resources

language like Bengali.

Bengali is the seventh most spoken native language around the world. More then 250 million
of people speaks Bengali but it is a low-resource category language in terms of NLP research
in comparison to English and other regional languages like Hindi or Chinese. The shortage
of proper dataset , pre-trained models, and dedicated research efforts has led to the situation
which is Bengali speakers do not have enough or equal benefits of modern Al technology.
For these reason Bengali is not a developed language of intelligent systems which can

process, understand, and generate meaningful responses.

Because of linguistic and technological gap this project was inspired. The basic objective of
this project is to build a Qa model which is tailored for the Bengali language, so that we can
contribute to the field of low-resource NLP. By completing this project will lays to the basic
groundwork for future by providing the immediate need for a functional Bengali QA system.

Except the technical contribution, this project also carries a great strong social and cultural
motivation. Languageis the primary aspect of identity, and Al representation ensures the
Bengali language inclusivity by enabling millions of people to interact with intelligent
systems in their mother language.This will make sure that the development in Al is not

limited to with some language.

The improvement and development of a Bengali QA model is not only a technical
achievement but also will glorify and symbolise the effort to remove linguistic disparity, will
also promote digital inclusivity, and will strengthen the presence of Bengali language which

is evolving greatly in the world of Artificial Intelligence.

1.3 Objectives

The Primary objectives of this project:

i) To develop a new structure and qualityful Bengali QA dataset

ii) Develop an efficient question-answering system for Bengali language by fine-tuning a
pre-trained model.

iii) Compare effectiveness of LLaMA with the existing Bengali NLP models.

iv) Improve accessibility of advanced NLP tools for Bengali users in education, research

and real world applications.

©Daffodil International University 2



v) Contribute to the research community by releasing the dataset and the fine-tune model

for future developments.

1.4 Methodology

The research design of this project follows a systematic approach to fulfill the gap in
Bengali NLP. Specially in QA system. The procedure starts with identifying the lack of
resources, which is followed by a detailed review of existing QA systems and datasets.
Then we created a dedicated and well furbished Bengali QA dataset and preprocessed them
to ensure the quality and consistency. Then a suitable model for fine-tuning like s BERT,
Gemma, LLaMA, GPT-2, and BanglaBERT are selected. The models are trained and
evaluated using different standard metrics such as BLEU and Exact Match (EM) scores.
The results of this is then compared with the previous work to highlights the improvements

and limitations.

Research Design Steps are:

i. Problem identification: Gap in Bengali NLP resources, specially in QA datasets.
ii.  Literature Review: Studying existing QA systems and datasets.

iii.  Dataset Design: Collection of Bengali questions and answers in JSONL format.
iv.  Preprocessing: Remove duplicates, cleaning, tokenization.

V. Model Selection: Fine-Tuning models like BERT, distiiBERT, LLaMA, GPT-2,
BanglaBERT etc.

vi.  Training and Evaluation: Use our dataset to train and evaluate using BLEU, EM score.
vii. Analysis and result Interpretations: Compare with existing works

viii. Conclusion and Future work: Limitations, scalability and improvement suggestions.

©Daffodil International University 3



Data Collection & Preparation

The dataset for this project is created manually. A total of 15000+ questions-answer pairs are
collected. The topic of this are mainly related to geography, history, education and everyday
facts related to Bengali speakers. All the entries in the dataset follows the JSON format like

’” ¢«

{“input” : “question”, “output” : “answer”} / {“input” : """, “output" : “S3I"}

Table 1.1: Dataset overview

Input (&4) Output (S34)

BN WIeET W Freriia) B sesfiteda qreriist 5115 S @isH, sova
5ifé® TRE?

I B Frel T av? ST IO [N 2|
A<D SfIBTANIT & 7 JIqDid I SN d@? 4
516 It ITiw $o I24? 15 424

The pairs of the dataset are written using different Bengali structure and a common
phrasing styles.This would be helpful for the model to understand the real-world user
enquiries. This dataset reflects the challenges in Bengali NLP, including various kind of
spelling, sentence length, grammar patterns. We also go through manual verification to
ensure that each pair is accurateThis custom dataset provides a solid foundation for fine-
tuning transformer-based Bengali models, making the QA system more reliable and effective

in practical use.

1.5 Analysis Techniques

To evaluate the developed Bengali system several analysis techniques are used -

i) Dataset Analysis: Statistical analysis is performed to examine the question lengths,

answer types, and overall dataset balance.

ii) Model Evaluation: The model will be evaluated using standard metrics like Exact Match
(EM) and F1 score. These metrics provide models ability to return accurate and relevant

ANISWETS.

iii) Error Analysis: Model predictions will be manually reviewed to identify common errors

and improvement areas.
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1.6 Project Outcome

The prime outcome of this project is to create a high quality Bengali Question-Answering
(QA) pair dataset and fine-tuning a model. The dataset is created carefully in jsonl format.
The reason behind this format if for advance research in Natural Language Processing (NLP)
for low-resource language like Bengali. This process includes a great number of QA pair in
different domain like general knowledge, history, literature that ensures a broad application.
To continue the linguistic accuracy, each and every entity has been verified for grammatical

correctness and contextual relevance.

The most valid and important reason behind to create this dataset is to fine-tune the large
language model LLaMA. This model architecture offers a significant importance for
developing Bengali QA system. Technically the dataset’s jsonl structure ensures seamless
integration into deep learning workflows and supports scalable experimentation. Later on it
will be released as an open source under a valid public license and will be available for

researchers and developers on different platforms like HuggingFace, Kaggle and GitHub.

1.7 Organization of the Report

The thesis is organized into six chapters, each addressing different stages of the project

development :

Chapter 1 Introduction: Introduces the background, motivation, objectives, methodology,

analysis techniques, project outcome.

Chapter 2 Background: Provides an overview of existing research in the field of Question-

Answering, specially in low resource languages like Bengali.

Chapter 3 Research Methodology: Describe the steps in designing and building the dataset

including data collection, annotations, formatting (jsonl), preprocessing and etc.

Chapter 4 Implementation and Results: It includes dataset statistics, evaluation metrics (EM,

F1), model training results and error analysis.

Chapter 5 Engineering Standard and Design: ChallengesDescribes the engineering problems

and solutions has been solved in this project.

Chapter 6 Conclusion: Summarizes the findings and highlights the contributions of the

project, discusses about limitations and future directions.

©Daffodil International University 5



Chapter 2

Background

This chapter gives a comprehensive background in Bengali question answering, which
highlights the major challenges of developing NLP tools for low-resource languages like
Bengali. QA system have significant upgradation and progress in high resource languages
but in terms of Bengali the research is limited for the scarcity of dataset over reliance on

multi-lingual model with reduced accuracy and the absence of robust domain specific system.

2.1 Introduction

In recent years, Natural Language Processing (NLP) has significantly advanced. Now
machines can better understand, interpret and generate human language. From the many
applications of NLP, Question-Answering system plays a very crucial role in search engines,
customer support, virtual assistant and educational platforms [5]. While QA research and
development have spread in high resource languages like English and Chinese, low resource
language like Bengali remain underexplored [6]. Even Bengali is the seventh most spoken

language globally.

To address this gap, this research proposes the creation of a Bengali QA dataset which is in
jsonl format. The goal is to provide a clean, diverse and publicly available resource which can

be used to train and evaluate QA models for Bengali.

2.2 Literature Review

Extensive research has been conducted in Question-answering system for high-resource
languages. Several methodologies have been explored, ranging from rule-based systems and
syntactic transformations to advanced deep learning models, especially transformer
architectures like Multilingual T5, and GPT variants. Tn term of Bangla, the research is very
recent and limited. Different studies have sought to develop Bangla QA systems by fine-

tuning pre-trained models, building bilingual models. A few notable works include:

F. Rabbi and M. R. Biswas [1], the authors present a comprehensive framework for Bangla
NLP .They have introduced an annotated corpus and implemented some key tasks like
tokenization, POS tagging, named entity recognition, and sentiment analysis using Python-

based machine learning approaches.Their project have an accuracy of 93.94%, this project

©Daffodil International University 6



provides a strong foundation for advancing BNLP, specially by offering open-source

resources for future research.

S. Shammi [2] focuses on sentiment analysis in Bangla. This work state of transformer-based
approaches. It highlights the challenges of resource scarcity, complex morphology,
orthographic variations, idiomatic expressions, and the lack of standardized NLP tools. The
paper focuses on the necessity of developing culturally sensitive datasets and methodologies

for advancing sentiment analysis in Bangla.

In [3], a domain-specific question answering (QA) system is proposed using a fine-tuned
BERT-Bangla model. The system is trained on 2,500 question—-answer pairs from Khulna
University of Engineering & Technology (KUET) and achieves an Exact Match score of
55.26% and an F1 score of 74.21%. The results are promising in this project but the work
shows limitations in handling complex or ambiguous queries and underscoring the need for

further refinement.

A hybrid sentiment analysis approach is introduced in [4]. It combines a novel rule-based
algorithm, Bangla Sentiment Polarity Score (BSPS), with BanglaBERT. The model
categorizes text into nine sentiment classes, moving beyond binary or ternary sentiment
analysis. The hybrid method outperforms standalone BanglaBERT, demonstrating the
effectiveness of integrating rule-based and transformer models for nuanced sentiment

analysis in Bangla.

T. Bhattacharjee,[5] presents BanglaBERT, a large-scale BERT-based language model
pretrained on 27.5 GB of Bangla text (Bangla2B+).Also proposed the Bangla Language
Understanding Benchmark (BLUB), where sentiment classification, natural language
inference, named entity recognition, and question answering are covered. BanglaBERT
significantly outperforms multilingual models (mnBERT and XLM-R), marking a milestone in

BNLP by providing robust benchmarks and resources for future research.

These studies illustrate the steady growth of BNLP research, moving from resource creation
and corpus development toward sophisticated applications like sentiment analysis and
question answering.The field still have challenges like limitation of datasets, domain-specific
adaptability, and the need for scalable tools. Addressing these gaps will be critical for

establishing Bangla NLP at par with resource-rich languages.

©Daffodil International University 7



Table 2.1: Summary of Literature Reviewed.

?S;l thor Year Title Methodology Key Findings
Tutorial-style Demonstrates
Annotated Bangla | methodological practical
Rabbi. F Natural Language | approach implementation of
& Bisx’zva.s 2024 Processing introducing NLP tasks Bangla
MR ’ (BNLP) Using annotated BNLP with Python;
o Python and tasks using highlights importance
Machine Learning | Python ML of labeled data and
libraries language specific tools
II;/IelileS:li)inSeeSnltIilmen ¢ Transformer-based
Sengupta, Analg sis Literature review models significantly
S., Ghosh, : YSIE and comparative outperform classical
S., Mitra, cveraging survey of ML approaches;
2024 Transformer- . h .
P., & dels: transformer-based | identifies major
Tamiti, moaels: sentiment analysis | challenges due to data
Fundamentals . : .
T.I. Challences anz:l systems in Bengali | scarcity and
ges an linguistics complexity
Future Directions
. Closed-domain fine-
Question- tuning improves QA
Answering System | Fine-Tuning & 1np
Roy S.C. g performance; Bangla-
: for Bangla: Fine- Bangla-BERT on a .
& Manik, | 2024 : ) ; BERT can be effective
MMH tuning BERT- domain-specific danted for Banel
B Bangla for a QA dataset adapted ot bangld
Closed Domain qqestlon answering
with small dataset
Enhancing
Sentiment Hybrid approach
Mahmud, Analysis in Hybrid model iyl ds hi p}}: -
H., Bengali Texts: combining y en tifn ri €
Mahmud, Hybrid Approach lexicon-based sentment
2024 . . s . classification accuracy
h. & Using Lexicon- sentiment scoring compared to
Rashid, Based Algorithm with Bangla-BERT D .
. . standalone lexicon or
M.RA. and Pretrained embeddings
Language Model transformer models
Bangla-BERT
BanglaBERT: Pretraining of a
Language model BanglaBERT sets new
.o, large transformers
pre-training and laneuace model state of the art on
Brattacha benchmarks for on gBeng i multiple Bangla NLP
rjee, A. Et | 2021 low-resource COLDOL agan d tasks, proving the
al. language evalljuatin on benefit of large scale
understanding downs tre%t m pretraining in low
evaluation in benchmarks resource languages.
Bangla
2.3 Similar Applications

Different QA systems is created for high-resource languages. Models like LLaMA, Gemma,
Google’s BERT and Meta’s RoBERTa have great capabilities in multilingual QA tasks.

However, these systems are have not full potential for Bengali language.
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mBERT, XLM-RoBERTa, BanglaBERT and IndicBERT are some of the recently researched
topic and projects for low-resource languages. There are few works attempted for Hindi and
Chinese language but effort for Bengali is limited. LLaMA and BNLP tools show potential but

require further Fine-tuning for better performance.

24 Gap Analysis

By researching and analysing some of the previous papers we have found some gaps and also

included the contribution in this work.

Table 2.2: Gap Analysis & Contribution

Ideal
Features Existing Datasets Requirement/ Our Dataset
Benchmark
Language Support Mostly in English/Hindi | Bengali/ Bengali
Number of QA Pairs | Low Good for training e.g., 15000+
Domain Coverage Limited Diverse General
knowledge
AI.ISWGF Type Mostly conversational Short+Long Mostly factual
Diversity
Data Format Json, csv or plain text Jsonl/structured jsonl
schema
Annotation Quality Machine generated Human verified Manually verified
et With context
Context Availability | Often no context (Paragraph,/doc) No context
Licensing & Few public, mostly Open-source/
Accessibility private accessible Open-source
2.5 Summary

Natural Language Processing (NLP) is taking more attention. But low resource language like
Bengali is underrepresented. Most available resources focus on English. While there are
some Bengali datasets exist. They often lack of structure, consistency and rarely available in
jsonl format which is likely more compatible with machine learning tasks. On the other hand
these datasets frequently lack of manual validation, relevance or accuracy. This project
addresses these gaps by creating a vast dataset, manually validated and properly structured
Bengali QA dataset which can support research and development in Bengali language Al and
NLP systems.
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Chapter 3

Research Methodology

This chapter provides a comprehensive overview of the research methodology adopted for
developing a Bengali QA system with the multilingual model LLaMA 3.1. It will cover the
general design, system design, data flow, requirement specifications and project planning as

per the corresponding engineering project.

3.1 Methodology

3.1.1 Overview

This chapter describes the methodology to develop a Bengali Question Answering (QA)
dataset and fine tune a QA model using this dataset. The research was carried out in different
phases including dataset design, data collection, formatting, validation and evaluation.The
primary goal of this research to create a structured and diverse dataset of Bengali QA pairs

and a QA system that can serve as a benchmark for Bengali NLP tasks.

3.1.2 Proposed Methodology

The proposed methodology describes the processes for developing the QA model. The

methodology is divided into following phases:

i) Requirement Analysis: In this phase both the functional and non functional requirements

have been identified. A context diagram created to define the scope.

ii) System Design: Data flow diagram and Ul architecture were developed to define the

workflow of the application.

iii) Implementation: The system was developed using Python, for interface Next.js and for

API inference used Flask.

iv) Testing: Integration testing was performed to ensure the system’s scalability and
reliability.

v) Evaluation: The system’s performance and responsiveness has been evaluated.
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Figure 3.1: Methodology pipeline diagram

3.1.3 Functional and Non-Functional Requirements

A better understanding of the system’s functional and non-functional requirements is crucial

for guiding the design and development of the Bengali QA system.

Functional Requirements:
i) The system must accept user queries in Bengali.
ii) It must return correct answers based on the trained data.
iii) It must allow dataset updates for continuous improvement.
iv) The system must have a interface for the users.
v) The system should be available from anywhere.

vi) It should secure the personal data of a user.

Nonfunctional Requirements:
i) The system should respond within 1-2 seconds
ii) It must support Unicode Bengali characters.
iii) The interface should have both the light and dark theme feature.

iv) The system should be available at least 95% of the time.
©Daffodil International University 11



v) The system should be able to handle many users at a time.

vi) The system should be scalable and secure for future integration.

3.1.4 Context Diagram

The context diagram illustrates the interaction among the data source, dataset, annotator and

the researcher. Its give us a simplified overview of building the primary dataset.

QA Model
Model Storage

{ Database

Figure 3.2: Context diagram of the system

3.1.5 Data Flow Diagram

The Data Flow Diagram (DFD) represents the flow of data within the system. It defines how
data is collected, created, processed and output through the system. DFD’s are used to
visualize the logic and processes of the system. Here is added a DFD diagram for better

understanding.
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Figure 3.3: Data Flow Diagram

3.1.6 UI Design

Our primary goal is to Develop an efficient question-answering system for Bengali language
by fine-tuning a pre-trained model, significant attention was also given to designing and
implementing a user-friendly graphical user interface (GUI).The result is a complete and
interactive web-based system that enables teachers, learners, and researchers particularly
those without a technical background to easily access and utilize automated Bangla question

generation.

The current interface offers an intuitive and responsive platform where the user can input
Bangla text as question and instantly receive answer of the question. Key features of the Ul
includes an input box, realtime answer visualization, user can adjust the brightness for day-
night mode, the previous saved chat (if logged in), a new-chat option. The frontend has been

designed using Next.js.

To ensure accessibility and usability across a wide range of devices, the interface follows
responsive design principles and prioritizes user experience. While the main functionalities
are implemented, the system is structured for future enhancements such as batch uploads,
authentication, analytics, and downloadable outputs, making it scalable for classroom,

individual, or research use.
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Figure 3.4: Ul design
3.2 Detailed Methodology and Design

This research focused on building a structured Bengali QA dataset. The research follows the

following stages -

3.2.1 Data Collection:

The data collection phase was very time consuming and a hard working process. The dataset
is made manually and collected the data from various types of general knowledge books such
as Ajker Bissho, Bissho Bichitra and searched in the web for various information. Different

types of domain is selected for the dataset.

3.2.2 Question Answering Pair Design:

Each item structured as - {“input”: “IeeTeag Irediat 3?7, “output”: “GiFt”}. We used here

mostly the fact based questions like what, who, when, where, etc. Answers are short, direct

and in Bengali.

3.2.3 Preprocessing:

Preprocessing technique is very crucial before training models. Each data is pointed to QA
pair, which presented as input-output generation task. The preprocessing has started with
text normalization which means punctuation marks, special characters has been normalized.
Unnecessary white spaces removed and the most important Unicode normalization has been

done to use the encoding techniques.
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Frequency

We have implemented the custom AutoTokenizer for tokenizing the encoded data. We have
customized the tokenizer with chat template. For model LLaMA 3.1 we also utilized the
SentencePiece tokenizer. Each question and answer has been tokenized to their max length.

For the small length question and answer we used the pad token to fill the empty tokens.

Distribution of Input Word Lengths in Training Data Distribution of Output Word Lengths in Training Data
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Figure 3.5: Word length distribution of Training data

Figure 3.5. “Word Length Distribution of Training dataset” presents two histograms,
distribution of input word lengths and distribution of output word lengths. In the left plot,
there are high frequency words in the input data. On the right side of the plot, training output

data word length is comparatively less than the input data.
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120 A S
M 250
100 - o
M M 200
80 - A
) 3 150 - / \
c c
g - = g
5 60 - L o
& 2N &
/ N
/ \\ i 100 -
40 - ]
/ \
N 50 -
20 / \\
J; \THHﬂH%&
0 . . — ; 01— | } ey ; . .
5 10 15 20 25 30 0 20 40 60 80 100 120 140

Word Length of Input Word Length of Output

Figure 3.6: Word length distribution of Test data
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In the Figure 3.6 “Word length distribution of Test data” presents two histograms,
distribution of input word lengths and distribution of output word lengths. The left plot of the
histogram shows that the word length and frequency of input data. On the other hand right
plot of the histogram shows the word length and frequency of output data which
comparatively less than the input data. This indicates that answers are shorter than the

questions which will lead to the consistent model training.

Vocabulary Growth with Increasing Dataset Size (Train vs. Test)
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Figure 3.7: Vocabulary Growth of dataset

Figure 3.7 titled “Vocabulary Growth of dataset” indicates the unique word count of the
dataset. Based on the dataset the training data has more than 14000+ unique words and in the
test data the are about 4500 unique words. Thus its produce a strong vocabulary in the
model.

Input Entries in Training Data Input Entries in Test Data

Duplicate )
Duplicate

. Unique
Unique

Figure 3.8: Duplicate value count
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By the PyChart in Figure 3.8 “Duplicate value count” 95.7% of data are unique and 4.3% data is
duplicate only on training data. Beside on test data 98.4% data is unique and only 1.6% of data
is duplicated. These uniqueness will help the model to learn and evaluate to enhance

performance.

3.2.4 Model Fine-Tuning

The setup for fine-tuning model LLaMA 3.1 was totally different. Its a large language model,
supported Bengali and other languages. To train the model we have used SFTTrainer with
DataCollatorForSeq2Seq. Training_args used the SFTConfig with 50 epoch, le-4 learning
rate and adamw_8bit optimizer. Per device train batch size was 2, gradient accumulation
steps was 4. The model was trained with train on response only. After every epoch finished
LLaMA 3.1 performed evaluation to evaluate the performance of the model and automatically
save the best checkpoint into the output directory. Training and evaluation was performed
using the A5000 GPU. After training successfully the model adopted to perform Bengali

Question-Answering with high accuracy.
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Figure 3.9: Architecture of LLM

3.2.5 Evaluation and Metrics

After finished the fine-tuning process an evaluation was performed to evaluate the
performance of the model LLaMA 3.1. The metrics are EM, BLEU and ROUGE. These
metrics are specially designed to measure the correctness and relevancy with the prediction

and the references.
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A special library called evaluate was implemented to measure the EM, BLEU and ROUGE
score. The Exact Match (EM) metric is very strict. Its always search for the exact match with
the references. BLEU metric is quite less strict. It measures the n-gram precision means how
much of prediction matches the references. ROUGE metric is flexible, it measures the n-
gram recall and overlap means how much of references is covered. Implementation of the

metrics are in the below -

LCS
candidate length

Precision =

Here LCS is the longest common subsequences between the candidate and references.

LCS

reference length

Recall =

_ Number of Exact Match

EM =
Total number of samples
rameReference min(Count capgidare(ngram), Count,eference(ngra m))
ROUGE-N = —24"<
Z:ngrameReference Countyeference(ngram)
LCS(X,Y LCS(X,Y 1+6%-R .- P
LCS = ( ), Pres = ( ), ROUGE-L =( £ écs =

Typically, these metrics can provide a comprehensive performance in model performance.
BLEU highlights precision and n-gram overlap, EM measures exact correctness and ROUGE

highlights recall. Using these three metrics in combination ensures a reliable assessment in
NLP models.

3.2.6 Deployment

To illustrate the model’s assumption we have created a frontend using Next.js and Flask as

backend to perform the overall combination.

L. Load Model: The fine-tuned model is hosted in the https://huggingface.co/spaces/
thedeba/debai

II. API Integration: Hosted model’s API is used in frontend to generate responses from
the model.

III. Input Field: A input text field is added to enter Questions.

IV. Result: After getting the input, generated answer will be displayed on the UI.
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3.3 Project Plan

After considering the complexity of the project, project planning was made very precisely. It
has also been ensured that Bengali QA system was developed, tested and deployed. For

smooth delivery in time we divided the project into several phases-

Phase 1: Research and Requirement Analysis
i Started through the literature review on QA system in Bengali.
ii.  Studied documentation on multilingual models that support Bengali.

iii. Focused on text generation to maintain clear evaluation.

Phase 2: Dataset Curation and Preparation
i. Started creating QA pairs to create a structured dataset.
ii. Performed multiple preprocessing and cleaning process to the dataset.

iii. Dataset is designed to compatible with HuggingFace Transformers format.

Phase 3: Model Fine-Tuning
i. Developed training script for training the pre-trained model.

ii. Platform jarvislabs ai selected for efficient training.

iii.  Conducted fine-tuning with several hyperparameters on the dataset.

Phase 4: Evaluation and Testing
1. Used BLEU, ROUGE and EM metrics for evaluation.
ii. Compared with Gemma 3, mT5-base, LLaMA 3.1 models performance.

iii. Depending on the test result selected the LLaMA 3.1 model.

Phase 5: Deployment

i. For the Ul design used the Nextjs for Server Side Rendering (SSR) and
scalability.

ii.  API handling on the backend was implemented using Python Flask library.

Tools and Technology used:
1. Programming Language: Python 3.11
il. Deep Learning Framework: PyTorch, Transformers, HuggingFace
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iii. Environment: jarvislabs ai

iv.  Evaluation Library: evaluate, BLEU, ROUGE score

\A Deployment: Next.js, Flask

3.4 Task Allocation

Data collection phase was heavily time consuming, it has taken nearly 7 weeks to complete.
After completing the data collection we have started preprocessing the data in week 24 to
week 29. The real timeline exceeded the expected timeline of the project. Model training
phase started in week 30 and finished in week 34. After getting all things ready started

deployment in week 34 .

Table 3.1: Task Allocation Table
Tasks Weeks

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Data .....

Collection

Preprocess .....

data

Model ....

training

Deployment

The Table 3.1 shows the timeline of each task of the project from week 18 to week 36. It
starts from the data collection in week 18. Sequentially after data collection, preprocess data,

model training and the deployment phase.

3.5 Summary

This research involved the systematic development of a high quality Bengali Question-
Answer (QA) dataset and a QA system. The process began with the manual collection of data
from the textbooks and online Bengali sources. Short questions and fact based questions
answers are stored in the dataset. We have reviewed the data and grammatical correctness.
The validated data was stored in a standardized .jsonl format. After collecting data several
preprocessing steps were performed. Fine-tuning LLaMA 3.1 with the dataset achieved a

great performance. A user friendly UI has integrated to ensure the deployment.
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Chapter 4

Implementation and Results

This chapter gives a description of real world implementation of the Bengali QA system
using the LLaMA 3.1 model. It provides information about environmental setup, dataset
preparation, training procedures, testing model and methods of evaluation. It also discusses

about the outcome achieved during the development.

Every implementation was performed in a structured manner to achieve the best training,

efficient deployment and moderate output of question answering.

4.1 Environment Setup

Before developing the model we have to set up the environment. So we have worked with 2

(two) types of environment. They are -

4.1.1 Hardware Environment

To train the model the project need a significant computational resources for its size of the
LLaMA-3 model and the curated Bengali QA dataset. The training process was carried out
using high-performance GPUs such as NVIDIA A6000, RTX6000 Ada, RTX5000, and A5000,
each offering between 12-24 GB of VRAM.

The system interface was designed to be more flexible so that out can run on both CPU or
GPU.The memory storage requirements are at least 16 GB RAM to handle large batch sizes
and dataset loading. For interface 8 GB RAM is sufficient. Storage requirement is
approximate to 100 GB to accommodate the model, dataset, and checkpoint files during

training while 25 GB was adequate for interface purpose.

The setup can successfully run on Ubuntu, Windows, and MacOS, which ensures cross-

platform compatibility.
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Table 4.1: Hardware Environment

Component Training Inferences

A6000, RTX6000Ada,

GPU RTX5000, A5000 (12-24GB Can run CPU or GPU
VRAM)

RAM 16GB+ 8GB+
~100GB

Storage (model+dataset+checkpoin  25GB
ts)

0S Ubuntu/Windows/Mac Ubuntu/Windows/Mac

4.1.2 Software Environment

The model was trained using Python 3.9 and 3.10, which are widely supported by modern

deep learning frameworks. These ensure the compatibility and stability across all stages of

development.

The basic deep learning framework used was PyTorch 2.1.0+, this is really flexible and robust

that support for transformer-based architecture. For GPU acceleration, CUDA versions 11.8

or 12.x is used, that optimized the computation.

Several specialized libraries were integrated into the environment:

i.

ii.

iil.

iv.

Transformers (v4.39) — for model loading, fine-tuning, and integration with Hugging
Face APIs.

Datasets (v2.18) — for efficient dataset handling, preprocessing, and batching.
Accelerate (v0.26) — for seamless multi-GPU and distributed training.

PEFT (v0.7) — for parameter-efficient fine-tuning, which reduces computational

overhead while maintaining performance.

Evaluate (=0.4.0) — for model performance assessment using metrics such as
ROUGE and BLEU.
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Table 4.2: Software Environment-1

Library Recommended Version
Python 3.9 or 3.10
PyTorch 2.1.0+
CUDA 11.8 or 12.x
transformers 4.39
datasets 2.18
accelerate 0.26
peft 0.7
evaluate >=(0.4.0

4.2 Test Performance Evaluation and Comparative Analysis

The Bengali QA system was evaluated using the test set of question answering pairs which
was early splitted from the dataset. Fine-tuned model was loaded in the environment with
PyTorch. For each question from the test dataset the model generated an answer which was

compared with the references to get the evaluation result.

Automated evaluation was conducted using standard evaluation metrics named BLEU and
ROUGE. BLEU measures the n-gram overlap in the generated output and the references
output of similarity both in syntax and lexicon. LLaMA 3.1 obtained at 0.5346. Concurrently,
ROUGE score focus on recall based matching at the level of phases. ROUGE-L measures the
longest common subsequences in candidate versus reference output. The model LLaMA 3.1
obtained 76.38%. This discovery highlights the supremacy of language specific pre-training in
LLaMA.

Table 4.3: Comparative Model Performance

Authors Dataset Size Model Result
Saptarshi Sengupta 158065 BanglaBERT 63%
Subal Chandra Roy 2500 BanglaBERT 55.26%
Hemal Mahmud = 15194 BanglaBERT 74%
Abhik Bhattacharjee 5.25M BanglaBERT 77.09%
Proposed 15000 LLaMA 72.37%

A comprehensive evaluation of the model BanglaBERT performance in various research

works and the proposed system is given in Table 4.3, where outputted F1 score of all the
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previous research are noted. Because of BanglaBERT is a non-multilingual model it only
works with Bengali. So our proposed model is multilingual and showed a extraordinary

performance with the raw dataset.

Saptarshi Sengupta [2] has implemented a fine tuned approach to the model BanglaBERT.
Author used the dataset with 158065 examples. After fine-tuning the model in evaluation 63%

F1 score is considered with the dataset.

Subar Chandra Roy [3] utilized the BanglaBERT model in the research. The dataset author
used to fine-tune is quite small that only have 2500 examples. Because of using a small

dataset the model is not gained a satisfactory performance. The overall F1 score is adopted is
55.26%.

Hemal Mahmud [4] developed a novel rule based algorithm Bangla sentiment polarity score
with generating sentiment score. Author used to fine tune the model using 15194 examples.
The BanglaBERT hybrid approach evaluated with 74% F1 score.

Abhik Bhattacharjee [5] introduced the BanglaBERT with two downstream task datasets on
natural language inference and question answering and benchmark on four diverse NLU task
covering text classification, sequence labelling and span prediction. They produced 5.25M
examples of data with data crawling to train the model and gained 72.37% F1 score on the

dataset.

In Comparison with other models, our proposed methodology did a outstanding performance
with the raw dataset. Using fine-tuning method LLaMA as a base model, the system obtained
a high ROUGE-L score of 76.38%. The findings underscore the effectiveness of using well

annotated data and the language specific model.

4.3 Results and Discussion

For testing the model LLaMA, we used the test dataset’s QA pairs and measured the
standard evaluation such as BLEU, Exact Match and ROUGE (ROUGE-1, ROUGE-2,
ROUGE-L). The goal was to ensure the output generation is grammatically correct,

contextually appropriate and meaningful answers in Bengali.

Table 4.4: Performance analysis table

Metrics Fine-Tuned Model
BLEU 0.5346
ROUGE 1 79.02%
ROUGE-2 61.47%

©Daffodil International University 24



ROUGE-L 76.38%

We use two widely used evaluation metrics for the proposed system. The reason behind
choosing these metrics because of their effectiveness of capturing the quality of generated
output for both content overlap and linguistic fluency. The result of the base model and fine-

tuned model are presented in the table 4.3.

The table clearly showing that the fine-tuned model outperforms the base model across both

evaluation metrics.

| 79.02
801 mmm BLEU 76.38
EEE ROUGE 1
70 1 ROUGE_2
B ROUGE_L 61.47
60 -
53.46
50
5
K 40 -
30 A
20 -
10 -
0 - T
BLEU ROUGE_1 ROUGE_2 ROUGE_L

Figure 4.1: Performance Analysis

The ROUGE-L score of the base model was 0.48, that reflects a moderate level; of overlap
between the generated text and the reference outputs.After fine-tuning, the ROGUE-L score
increased to 0.57 what is a great improvement of 9 percent points. These improvement means
that fine-tuning enhances the model’s ability to generate responses that are pretty similar to

the reference text.

The BLEU score is also 12 point improved in fine-tuned model then of the base model that
means it increases fro 0.42 to 0.54. This improvement shows more fluency and accuracy of
text sequences, with great precision in word choice and phrase construction. This score

emphasizes exact n-gram matches and enhancing the quality of output which is generated.
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These improvements in both metrics gives a clear positive impact of domain-specific fine-
tuning.The fine-tune model performed better then of base model for equipping to capture
contextual nuances, align with reference outputs, and generate coherent results. These
enhancements are valuable for downstream applications like QA, summarization, or

sentiment analysis in Bangla where semantic and linguistic accuracy are critical.

Table 4.5: Generated output of the model

Question Original Answer Generated Answer
(P ST AN A Freiis) 515 Sesfiaev wiigy,  areriist 51t sesfirddy @iy,
51t Frsfidm sifSo gy sava Sobq
fIC4a SR IS Med @F6?  (BIfS3 ©IfF3
ReIT SRR @ [fgo
TR TS @IE? HATINATR STINATR
AT YGTd N 157 I AT BIpT

Table 4.5 provides few examples of some output generation of the fine-tune LLaMA model. It

is seen that the original answer and the generated is mostly accurate.

Despite of the slight improvement the limitations is that the scored is not close to optimal, so
there is still space for improvement. Factors like dataset size, diversity and quality of data
that influence the performance of model. Future work may have larger dataset or advanced
fine-tuning strategies and experiment with hybrid approaches that will combine rule-based

and deep learning methods.

Fine-tuning a base model with a QA dataset improves the answer quality. The result confirms

that specific language adaption is very crucial for underrepresented language like Bengali.

4.4 Summary

In this chapter, we explained the whole procedure of the implementation of the Bengali QA
system project from environment setup to dataset preparation, model fine-tuning, testing and
evaluation. The system was able to produce nearly fluent accurate answer for the questions.

As a multilingual model it was slightly better than the other multilingual model.
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Chapter 5

Engineering Standards and Design
Challenges

In this chapter, we introduced the engineering paradigms, standards and some design
challenges that we have faced while designing and developing the Bengali QA system. These
include fidelity to software and hardware standards, communication protocol among the
team, environmental and ethical consequences of the project. This research also compares

the system to complex engineering tasks and problem solving tier.

5.1 Compliance with the Standards

In developing the Bengali QA system, compliance with software, hardware was considered to

maintain reliability and sustainability of the project.

5.1.1 Software Standards

The following Bengali QA system is developed using standard software engineering and
deep learning manner to ensure future extensibility, maintainability and ethical
reproducibility. All source code comply with Python PEP 8 coding standards, clarity,

modularity and consistency.

In terms of failure, exceptional exception handling has been integrated to ensure adaptability
during model inference and data processing. The pre-trained model that have been used in
this project from a trusted and valid platform called HuggingFace. After training the model
saved it into the HuggingFace hub. From this platform we also hosted the model from the
spaces and make an API implementation using Flask. All changes can be made with version

control using git commands to uphold data privacy.

5.1.2 Hardware Standards

The system was run in a cloud based workstation called https://jarvislabs.ai/ to enhance the

training. This cloud platform provides various types of GPU, CPU and storage. We have
considered RTX5000 (7CPUs | 32GB RAM | 16GB VRAM), A5000 (7CPUs | 32GB RAM |
24GB VRAM), A6000 (7CPUs | 32GB RAM | 48GB VRAM), different types of instances for
training, testing and evaluating. We also have used the gradient checkpointing and LoRA
(Low-Rank Adaptation) techniques to reduce GPU memory usages.
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5.1.3 Communication Standards

Although it’s a research based project, standard network protocols has been followed for
downloading the model and pushing it into the HuggingFace Hub. We used the JSON
structure standard data format for question-answering pairs. JSON was selected because its

lightweight and wide library support in Python.

We had conducted weekly meetings to reach our goal, discussed about problems and
documented the results. Collaborative utilities made the development continued. These
communication practices remain in place until deployment, maintainability, accountability

and documentation driven updates of the insights.

5.2 Impact on Society, Environment and Sustainability

Under the development of the Bengali QA system to contribute meaningful impact including

but not bounded to education, society, environment and ethical Al research.

5.2.1 Impact on Life

The Bengali QA system based on the Bengali language and help native users to retrieve
accurate answers to their queries. This model can be helpful in future applications in
education, research and digital literacy. It will also improve the access to knowledge for

Bengali speakers.

The deployment plays an important role in increasing digital literacy and liability to Al tools
within the Bengali speaking populations. The system is designed to be lightweight,
particularly ideal for rural and remote areas where people have low bandwidth and has

potential to support impartial access to educational technology.
5.2.2 Impact on Society & Environment

As a research project the social and environmental impacts are limited. The more bigger
model we choose the more GPU is required in this project. As much as we use the GPU a
heavy energy consumption can affect in the environment. So we have chosen a lightweight

model to reduce the GPU usages.

Creating learning materials digitally reduces for printed copied and help to save valuable
resources. At the same time, as the system is inclusive and open to everyone it gives poor
communities the chance to access digital learning. In this way learners can overcome not

only the technological barriers but also the challenges in learning experiences.
5.2.3 Ethical Aspects

Ethical aspects includes ensuring that the model does not generate harmful or biased
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responses. The data is used for fine-tuning the model was carefully curated. As it is a
research based project, ethical standards such as fairness, principles, responsibility and

respect were followed for future development.

The system has made available for educational and non-commercial purposes. In its final
deployment, accessibility was prioritized through interface design and localization. It also

ensures that more people can benefit from the system.
5.2.4  Sustainability Plan

The sustainability plan means reproducibility and maintainability. By documenting all the
codes, environmental setup, training configurations so that the system can be updated

without starting from the scratch.

A long-term sustainability roadmap foundation deployment and increasing of the system. The
dataset will be periodically updated with new domain specific content. Open sourcing the

system encouraged academic border and community contributions.

5.3 Project Management and Financial Analysis

The project management and financial analysis defines the cost during the development of
the project. To reduce the cost of hardware we used cloud based GPU like RTX5000, A5000
and A6000. Software costs were neutralised due to use of the open-source frameworks like

PyTorch, HuggingFace libraries.

A detailed financial breakdown is given below:

Table 5.1: Estimated Cost and Financial Analysis

Components Estimated Cost (BDT)
Cloud Computing (https://jarvislabs.ai) 2500-3000
Data collection 1000
Software Licenses (Open Source) 0
Uncertainty 500
Miscellaneous 500-1000
Total Estimated Cost 4500-5500 BDT

5.4 Complex Engineering Problem

The project Bengali Question Answering system involved addressing various complex
engineering problems which is required deep domain knowledge, creative problem solving,
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and integration of multidisciplinary skills. We detailed how this project mapped into complex

problem solving and engineering activity frameworks in the below.
5.4.1 Complex Problem Solving

The development of Bengali QA system represents a complex engineering problem,
containing challenges like fine-tuning large language models, handling Bengali language
datasets. Use of pre-trained LLaMA model with LoRA to manage GPU memory constraints.

Data training, evaluation using ROUGE metrics helped in addressing the complexities.

Table 5.2: Mapping with complex problem solving

EP1 EP2 EP3 EP4 EP5 EP6 EP7
Dept of Range Depth Familiarity Extent of |Extent Interdependen
Knowled |Of of of Issues |Applicabl |Of Stake- ce
ge Conflicting  |Analysis eCodes | holder
Requirement Involvemen
S t
v v v v v

Justification for EP1: Applied advanced Deep Learning, NLP, and Bangla linguistics to

design, train, and evaluate the models.

Justification for EP3: Conducted systematic experimentation with hyperparameters, model

architectures, and dataset versions.

Justification for EP4: Addressed multilingual model adaptation, tokenization challenges, and

low-resource for Bengali issues.

Justification for EP6: Considered needs of diverse stakeholders including students,

researchers, and Bangla-speaking communities.

Justification for EP7: Integrated dataset preparation, fine-tuning, BLEU and ROUGE based

evaluation into a single automated workflow using HuggingFace.

Mapping with Knowledge Profile for EP1

This Table 5.3 is designed to map the EP1 to the Knowledge Profile.
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Table 5.3: Mapping with knowledge profile

Kl K2 K3 K4 K5 K6 K7 K8
Natur Engineerin | Specialis Enoineeri | Encineeri Researc
al Mathema | g t N g N g Comprehen | h
Scien | tics Fundament | Knowled | 22 . g sion Literatu
Design Practice
ce als ge re
v v v v v

Justifications for each Knowledge Profile element:

K3: Fundamental engineering knowledge in algorithms, data preprocessing, text encoding,
model evaluation metrics like BLEU, ROUGE, and software development were applied

extensively.

K4: Specialist knowledge in the embeddings, advanced transformer libraries, and the

tokenization techniques were applied in the project to overcome this knowledge profile.

K5: Systematic design of throughout architecture from dataset preparation, model fine-
tuning, evaluation and a deployed web application was carried out to grain the following

engineering design problem.

K6: Engineering practice is obtained with using modern Al tools, deployment, evaluation,

documenting the project, limitations and sharing results of the project.

K8: Literature review presented a crucial evaluation of existing models, system
recommendation and different technologies used by other researchers. Analyzing and

applying published knowledge is also a part of this knowledge profile.

5.4.2 Engineering Activities

In terms of engineering activities, the project mapped across a range of standard categories

that define engineering practice complexity.

Table 5.4: Mapping with complex engineering activities

EA1 EA2 EA3 EA4 EA5
Range of Level of Innovation Consequence Familiarity
re-sources Interaction s for society
and
v v v v
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Justification for attainment EAl: During this project, we utilized wide range of engineering
resources including LLM architecture, deep learning frameworks (PyTorch, Transformers),
fine-tuning techniques (LoRA, Unsloth), Bengali QA datasets and evaluation metrics (BLEU,
ROUGE).

Justification for attainment EA3: We adopted a pre-trained model LLaMA for specific
language task like Bengali Question Answering and experimented with different fine-tuning
strategies such as LoRA and Unsloth.

Justification for attainment EA4: The project has beneficial social and environmental effects.
Providing digital learning resources, it supports educational access and reduces dependency

on printed materials.

Justification for attainment EA5: We developed a strong familiarity with modern Al

techniques, deep learning method and a large language model architecture.
5.5 Summary

In this chapter, we discussed about how the project agrees with engineering standards,
ethical principles and social responsibilities while the system was preparing for real world
deployment. Ethical principles like fairness, data privacy and transparency were merged. The
deployments potential impact on society was highlighted. Assessment of the system
incorporated intricate engineering frameworks to reflect technical depth and practical

viability all needed to move to the production environment.
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Chapter 6

Conclusion

This chapter gives an overall conclusion to the Bengali QA system project. It provides the
summary of the accomplishment reviews the limitations faced during development. It also
gives ideas about further improvement to the system. The mail goal of the project is to utilize

Natural Language Processing (NLP) methods for Bengali language in the context of Al.

6.1 Summary

This research proposes a methodology for generating answers in Bengali using transformer
models named LLaMA. The main objective was to create a scalable system that can generate
mostly accurate answers in Bengali from the input question. We initiated studying previous
works and started finding gaps in Bangla NLP. To evaluate the findings we have created a

structured QA dataset for leveraging contribution in low resource languages.

The research methodology followed a structured process absorbing data collection,
preprocessing, model fine-tuning and evaluation. A raw structured dataset of 15000 Bangla
QA pairs were prepared to ensure linguistic and context richness. In preprocessing method
text normalization, tokenization and dataset division into train test for competent training.
Automatic evaluation metrics like BLEU, ROUGE and Exact Match were integrated.

The findings desirable performance by LLaMA with 42.38% Exact Match, 51.36% BLEU
scores. The LLaMA is also performed better in ROUGE scores due to language specific

pretraining.

The research is meaningfully contribution to Bangla NLP by demonstrating structured
approaches and transformers architecture are beneficial to overcome low-resource language
processing challenges. In addition, the system preliminary step toward multilingual, domain

customizeable and sophisticated Bangla tools with huge potential into educational platform.

6.2 Limitation

In spite of the obtained results, the system has several limitations. First, the dataset contains
only 15000 Bengali QA pairs which is relatively so small compared to available English

datasets or other rich-resource language. This limited size dataset restricts the models ability.
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Second, the model struggles with long or multi sentence questions and inconsistent answers.
Third, the fine-tuning process is highly dependent on GPU resources, making experiment
with larger models is expensive and time consuming. For domain specific adaption the

system limits on the effectiveness in various fields like law, medicine and others.

6.3 Future Work

Based on the existing system success and its limitations, there are diverse directions for
future work with increasing its capabilities. The most decent way to increase the dataset. A
large diverse domain specific text from literature, history, science can enable model
generalization. With accessing more higher computational power, future guidance might

include fine-tuning larger models.

Future enhancements will also focus on generating more complex question answers such as
descriptive, inference based, and yes or no questions making the system more useful in
educational assessment. Additionally, an user friendly mobile application can be deployed.

More features like batch input, dataset upload, real-time generation can be implemented.

To ensure the system works on mobile device, model compression techniques such as
knowledge distillation can be applied. This method can speed up the execution on limited
resources platform like smartphones and tablets. Post processing methods can also be

integrated to automatically fix minor grammatical errors for improving the output generation.
At last, realising the system with a liberal license will motivate developers and researchers

further development comprehensive adoption. With continuous improvements, the project

can be a powerful, scalable and accessible tool.
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