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Abstract

Natural Language Processing (NLP) has gained immense popularity due to its fundamental
application in automatically categorizing text documents into predefined groups or classes, en-
abling the extraction of valuable insights from unstructured text data. This research aims to
create a robust and efficient text classification model using state-of-the-art techniques while
minimizing time and resource requirements. Leveraging the Transformer framework, specif-
ically the BERT model for NLP tasks, this work focuses on augmenting pre-trained BERT
models with cross-validation techniques for text classification. The model is fine-tuned using
the 20 Newsgroups dataset, comprising both preprocessed and raw datasets with 20 distinct
classes each. The achieved accuracy rates of 92% for the preprocessed dataset and 90% for
the raw dataset highlight the superiority of pre-trained BERT models in real-world text clas-
sification challenges. This research contributes by exploring the synergy of BERT models with
cross-validation and fine-tuning strategies, aiming to outperform traditional baseline models in
multiclass text classification tasks. It also includes 5-fold cross-validation for efficient perfor-
mance of text classification, mitigating overfitting and class imbalance issues, resulting in better
accuracy with low computational resources.
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Chapter 1

Introduction

1.1 Artificial Intelligence

The term Al stands for Artificial Intelligence, which aims to build machines intelligent enough
to think, learn, and act automatically. Machine learning and Deep Learning are two prominent
branches of Al that focuses on algorithms which can learn from data without explicit program-
ming [24]. Large datasets of pre-labelled samples train such algorithms. The algorithms are
then used for predictions on unseen data. Due to the availability of enormous datasets and the
rising processing capacity of computers, Al has grown in popularity over the past few years.
Applications include algorithms that are used in computer vision to recognize objects in pictures
and movies. Other examples include self-driving cars, facial recognition, and image analysis in
medicine, all utilize this technology. Al algorithms are also used in natural language process-
ing, i.e., to comprehend and analyze spoken as well as written words. Applications using this
technique include question answering, spam screening, machine translation, text classification
and so on. In order to recognize human speech, Al algorithms are used in speech recognition.
Applications for this technology include voice assistants, dictation software and contact centers.
New AI applications are constantly being created since the field is continually growing. As data
availability and computer power both continue to increase, Al is likely to become considerably
more important in the years ahead.

~ Artificial Inteligence
Machine Iearmng
\ - IeamD

Figure 1.1: AI, ML and DL



With a focus on its uses, developments and difficulties, this thesis seeks to investigate the
function of artificial intelligence in machine learning. It will go into the fundamental ideas
and methods of machine learning, such as reinforcement, unsupervised and supervised learning.
Additionally, it will highlight successful use cases and real-world examples of machine learn-
ing effects across diverse industries. The ethical implications of machine learning will also be
rigorously examined in this thesis, with a focus on the necessity of justice, transparency and
responsibility in its use.

1.2 Machine learning and Deep learning

1.2.1 Machine learning

A sub-branch of AI that focuses on creating algorithms or models that work like machines and
make predictions or decisions without explicit programming for each task [4] [11]. It is a field
dedicated to develop systems that can learn and improve through experience. Fundamentally,
machine learning revolves around training the models using data. Instead of providing explicit
instructions, machine learning algorithms learn patterns and linkages within the data to make
predictions or initiate actions. These algorithms are designed to autonomously identify and
extract significant features or patterns from the input data, enabling them to generalize same
and make accurate predictions on new unseen data [4].

The following steps are commonly included in the machine learning process:

e Data collection: Relevant data is collected or generated to serve as input for the learning
process.

e Data preprocessing: The collected data is cleaned, transformed, and prepared for model
training. This step includes tasks like removing outliers, tackle missing values, and nor-
malizing the data to a standard.

e Model training: The prepared data is used to train the learning model. During this
phase, the model is presented with input data along with the desired output or target
variable. The model adjusts its internal parameters based on the provided examples,
optimizing its ability of accurate predictions on unseen data.

e Model evaluation: The trained model is examined against test set or validation data
separated beforehand and not used during the training. This step evaluates performance
of the model and its ability on unseen data. Various parameters like accuracy, precision,
recall and F1 score are used to measure the performance.

e Model deployment: Once a satisfactory level of performance is achieved, the trained
model can be deployed for real predictions or take actions on new, real-world data. This
may involve fixing the model into a larger software system or creating an independent
application or service that utilizes the model’s predictions.
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1.2.2 Deep Learning

Artificial neural network architectures are utilized in deep learning to effectively address complex
real-world problems. Models are made to mimic human brain like arrangement for information
processing and data analysis. They perform well in various kinds of positions and have the
capacity to take in learning from mistakes, enabling them to continuously develop and adapt.
The neurons that make up the layers of connected nodes that make up deep learning algorithms,
analyzes data and render conclusions based on the inputs they receive. The output layer gen-
erates the final prediction or classification, whereas the input layer receives the raw data in the
form of photos or text. The ability of the model to predict outcomes accurately is aided by the
intermediate hidden layers that form body of the neural network and carry out different calcula-
tions and features extraction. In contrast to typical machine learning algorithms where features
extraction is needed to be done manually, deep learning models are capable of autonomously
learning and extracting characteristics from the input [11]. Deep learning models may now
successfully complete tasks like picture identification, natural language processing, and audio
recognition etc. where the input data is complicated and multidimensional. In different appli-
cations like image and speech recognition, driver-less cars and drug development, deep learning
has shown outstanding results.

1.3 Natural Language Processing (NLP)

NLP is mainly concerned with as how computers can be made to understand human languages.
Using computer methods, NLP processes and analyzes unstructured natural language data,
including text, audio, and images with text. Its fundamental objective is to develop models that
enable the extraction of useful information from human language for a variety of activities [1] [2].
Natural language processing has many difficulties due to its complexity and ambiguity, which
necessitates precise context interpretation and, word and phrase meaning disambiguation by
the models. Transformers and recurrent neural networks have become effective NLP tools in
recent years [26] [14]. It has attained stunning performance in many applications and can learn
intricate patterns in natural language data. The inability to fully comprehend deep learning
models and the potential for bias in NLP models as a result of a lack of diversity in training
data are problems that still need to be fixed. The usage of NLP could raise ethical issues like
copyright. Particularly when NLP models are used to make decisions that have an impact
on people’s lives, like hiring or loan decisions, this might result in erroneous or discriminating
results. NLP is a fast-developing field with a wider scope of potential applications and chances
for creativity. The following are some of the most typical NLP related areas of interest.

e Named Entity Recognition: This entails locating and extracting particular entities
from a text source, like names, places, and organizations. It can be applied to tasks like
knowledge graph generation and information extraction.

e Machine Translation: A text translation from one language to another is done auto-
matically in this. Due to the complexity of human language, machine translation can
be problematic, although recent developments in NLP have improved its accuracy and
efficiency.
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e Sentiment Analysis: This involves predicting emotional standing of a given piece of
text, such as contained in tweets or product reviews. Sentiment analysis can be used for
tasks such as brand monitoring and customer feedback analysis [5].

e Text Generation: This involves creating new text in reference to a given input, such
as a prompt or a set of keywords. Text generation can be used for tasks such as content
creation and creative writing.

e Speech Recognition: This can be used for tasks such as virtual assistants and dictation
software.

e Question Answering: Building systems that can understand and respond to questions
posed by users, often requiring the comprehension and extraction of relevant information
from text.

e Text Classification: This involves assigning a name or category to a particular text.
Text classification is a technique used for a variety of tasks like spam detection, sentiment
analysis, and topic classification.

e Text Summarization: Generating concise summaries or abstracts of longer text docu-
ments, capturing the key information and main points.

e Information Extraction: Automatically extracting structured information from un-
structured text, such as extracting relationships between entities or extracting key facts
from news articles.

e Topic Modeling: Identifying and extracting underlying themes or topics from a collec-
tion of documents, enabling organization and exploration of large text corpora.

e Text Mining: Applying data mining techniques to extract valuable insights, patterns,
or trends from large volumes of text data.

These are only a few of the numerous NLP task kinds. The methodologies and algorithms
needed for each task vary, and as new models and approaches are created, the discipline of NLP
continues to evolve.

1.4 Text Classification

The fundamental job of text classification in NLP is automatically classifying and arranging
massive amounts of textual input into predetermined categories or classes. Due to the increased
accessibility of vast volumes of text-based data in recent years, including news articles, social
media postings, emails, and product evaluations, among others, this task has grown more crucial
[14]. An algorithm is trained on a labelled dataset made up of examples and their pre-tagged
classes for text classification or categorization. The system uses this training data to generalize
and categorize new, unseen text into one of the pre-defined groups. Finding pertinent details
or patterns in the text that distinguish between the various groups is the major issue in text
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categorization. Text classification may be used in e-commerce to classify user reviews, anticipate
client preferences, and automatically categorize items [14]. It may be applied to finance to
categorize financial news, gauge market sentiment, and spot fraudulent activity. It may be
applied to the healthcare industry to organize patient information, identify medical issues, and
forecast patient outcomes. Naive Bayes, Support Vector Machines, Decision Trees, Random
Forests, and Neural Networks are the few well-known machine learning techniques for text
categorization [14] [18]. CNN and RNN have recently exhibited outstanding results in text
categorization tests [1]. These models can develop meaningful representations of the text data
and are capable of capturing complicated linkages and dependencies in the text [30]. Overall,
text categorization is a difficult and significant NLP job with several practical applications.
Text categorization models are likely to become even more relevant for a variety of sectors and
applications as machine learning and deep learning techniques advance, increasing their accuracy
and scalability. Based on the nature of the classification and the amount of granularity of the
categories, text classification task can be divided into four different scope levels. The following
are the four levels of scope:

e Document-level classification: At this level of text categorization, whole documents
or individual texts are categorized into predetermined groups or classes. A piece of news,
for instance, may be divided into subcategories like politics, sports, entertainment, or
business. Applications like content filtering, document management, and news aggregation
frequently employ document-level categorization.

e Sentence-level classification: This level of text classification involves classifying indi-
vidual sentences within a document into categories. A customer evaluation of a product,
for example, may be divided at the phrase level into categories like product quality, cus-
tomer service, and delivery time. Sentence-level categorization is frequently utilized in
applications like sentiment analysis, opinion mining, and chatbots.

e Entity-level classification: This level of text classification involves identifying and
categorizing people, organizations, and locations within the documents. For example,
news articles could be classified at the entity level into categories such as politicians,
sports teams, or cities. Entity-level classification is often used in applications such as
information extraction, knowledge management, and search engines.

e Aspect-level classification: This level of text classification involves identifying and
categorizing specific aspects or attributes of a product, service, or topic within a document.
For example, a customer review of a hotel could be classified at the aspect level into
categories such as room cleanliness, staff friendliness, or location convenience. Aspect-
level classification is often used in applications such as opinion mining, customer feedback
analysis, and product recommendation systems.

Each level of scope has its own unique challenges and requirements, and the appropriate level
of classification depends on the specific task and application. Some text classification systems
may combine multiple levels of classification to yield a more comprehensive analysis of the text
data.
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1.4.1 Text Classification Steps

Dimensionality Reduction I
! I— —————— 4 Evaluation

Prediction
(Predict test data)

Classification

Textual .
(training the model)

Data Evaluation of model

Figure 1.2: Text Classification Pipeline

A text classification pipeline is a series of steps that takes in raw text data and outputs the
predicted class labels for that data. The pipeline typically includes the following steps:

e Data preprocessing: This step cleans and transforms the raw text data into a for-
mat suitable for analysis. Removing stop words, stemming or lemmatizing words and
punctuations, and converting the text to a lowercase are all part of data preprocessing.

e Feature extraction: This step involves transforming the text data into vectors or numer-
ical features that can be comprehended and processed by a machine learning algorithm.
Such techniques include bag-of-words, term frequency-inverse document frequency (TF-
IDF), word embeddings, and character n-grams etc [12].

¢ Dimensionality reduction: In order to increase effectiveness and performance of classi-
fication, this stage entails reducing dimensionality of the feature space. Because there are
so many distinctive words or properties in the corpus, text data can have a very high de-
gree of dimension. Principal Component Analysis (PCA), Singular Value Decomposition
(SVD), and t-distributed Stochastic Neighbor Embedding (t-SNE) are few examples of
dimensionality reduction methods that can be used to decrease the number of dimensions
in the feature space while retaining the maximum of the original variance. This may result
in shorter training times, higher generalization and easier model interpretation [1]. The
right dimensionality reduction technique and the number of dimensions to keep need to
be carefully chosen, though, as too much dimensionality reduction might cause data loss
and poor performance.

e Model training: This step involves selecting an appropriate machine learning algorithm
and training it on a labeled dataset of text data. This involves segregating the data into
training and testing sets, selecting best-suited hyperparameters for the algorithm, and
tuning the model to give optimum performance on the validation set.
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e Model evaluation: This involves performance appraisal of the trained model on a test
set of unlabeled text data. This may include metrics such as accuracy, precision, recall,
and F1 score.

e Model deployment: Once the model has been optimally trained and evaluated, it can
be deployed in a real-world production environment to classify new, unseen and unlabeled
text data.

Each step in the text classification pipeline plays an important role in the overall performance
of the system. The choice of preprocessing techniques, feature extraction methods, and machine
learning algorithms will depend on the specific task and the characteristics of the text data.
A well-designed and optimized text classification pipeline can provide valuable insights and
automate decision-making processes in a variety of industries and domains.

1.4.2 Text classification Techniques

Text classification can be done either manually or automatically. Manual text classification
requires a human annotator to analyze contents and assign the appropriate category, which
is cumbersome, costly and error-prone. Automated text categorization uses machine learning
approaches to sort out and categorize texts promptly, efficiently, and accurately.

e Manual text classification: It involves manually assigning categories or labels to a
given set of text data. This approach can be time-consuming and resource-intensive, but
it can also provide a high degree of accuracy and granularity in the classification process
[13]. Manual text classification is often used when the categories or labels are highly
specific and cannot be easily automated. For example, in legal or medical contexts, where
specific terminology is used, manual classification may be necessary to ensure accuracy.
To perform manual text classification, a team of human annotators is typically employed.
The annotators are given a set of guidelines or rules to follow when assigning categories or
labels to the text data. They may also be provided with examples of previously classified
text data to help ensure consistency and accuracy. While manual text classification can be
highly accurate, it can also be subject to human biases and inconsistencies. It is also not
scalable for large datasets or for tasks where the categories or labels are not well-defined.
For these reasons, automated text classification using machine learning algorithms is often
preferred for larger datasets or when the categories or labels can be defined in advance.

e Automatic text classification: It involves using machine learning algorithms to auto
assign categories or labels to text data. Automated text categorization is excellent for
huge datasets and applications that need real-time classification since it may be very
accurate and scalable [13]. Based on the quality and sufficiency of the training data and
the selected machine learning technique, it may also be biased and prone to overfitting and
other errors. To make sure that the model keeps functioning as intended, it is important to
thoroughly examine and constantly monitor its performance throughout time. There are
several applications for automatic text classification, including document classification,
sentiment analysis and information retrieval, and it is generally a useful technique for
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studying big amounts of text data [14]. We may anticipate seeing increasingly more
advanced and precise text categorization algorithms in the future as natural language
processing methods develop, fine-tune and advance further.

1.4.3 Text classification Approaches

There are different approaches to automatic text classification, which generally fall under three
types of systems:

i. Rule-based systems
ii. Machine learning-based systems
iii. Hybrid systems

Rule-based systems

Rule-based systems, a form of machine learning strategy used in text categorization, employ
a preset set of rules to make judgements or execute actions. These guidelines are frequently
based on specific criteria, including the text’s inclusion of particular words or phrases. The
algorithm may assign the text to a specific category, for instance, if it contains particular
words or phrases. These rules can be manually defined or generated using natural language
processing techniques [28]. Since the rules are openly established, rule-based systems have the
benefit of being very transparent and simple to comprehend. They might not be appropriate
for managing more ambiguous or complex material, though, as the rules are set in stone and
cannot be modified to fit into different settings or scenarios. A rule-based system is merely
one technique to categorize text, and how important it is will depend on the issue at hand.
To increase classification accuracy, other strategies, such machine learning algorithms, can be
employed to automatically discover and retrieve patterns and features in the data. There are
numerous instances of rule-based systems being employed in different applications. They are
given below:

e Spam filters: Spam filters look for and eliminate unwanted emails using a set of es-
tablished rules. These guidelines may include things like searching for specific keywords,
looking at email headers, or looking for sources of recognized spam.

e Chatbots: Many chatbots produce responses to user inputs using rule-based systems.
What’s the weather like, say a user types? as an example. To recognize that the user is
asking about the weather and produce the proper response, the chatbot may employ a set
of rules [20].

e Fraud detection: Several fraud detection systems identify problematic transactions us-
ing rule-based approaches. A rule that flags a transaction for additional inquiry might be
triggered, for instance, if it exceeds a specific dollar threshold, involves a novel or unusual
location, or occurs outside of regular business hours.

e Sentiment analysis: A text might be categorized as having positive sentiment if a set
of rules finds that the document contains more positive terms than negative ones [14].
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Machine learning based systems

Machine learning-based systems employ statistical models and algorithms to automatically learn
to classify text based on sample data. These systems can be trained on large datasets and adapt
to new situations by updating their models based on new data. The most common machine
learning algorithms used in text classification are decision trees [14], support vector machines,
naive Bayes, logistic regression and neural network-based architectures. These algorithms can
be further classified into supervised, unsupervised and semi-supervised learning methods. In
text classification, the training data consists of labeled documents, where each document is
assigned a category or label. The machine learning algorithm learns to recognize patterns in
the text that are indicative of each category, and uses this knowledge to classify new unlabeled
documents.

Hybrid systems

A hybrid system in machine learning is one that combines various machine learning algorithms or
strategies to boost a system’s overall performance. Text classification is one of the many uses for
hybrid systems. Combining different classifiers to form an ensemble model is a typical strategy
for developing a hybrid text classification system. Ensemble models generate predictions using
a number of classifiers, which are then integrated to get a final prediction [31]. This can be
done using a variety of strategies, including weighted voting, stacking, and boosting. Another
approach for developing a hybrid text classification system involves combining different machine
learning methods, such as a rule-based system with a deep learning model. When handling
complicated jobs that call on a variety of knowledge or expertise, this strategy can be especially
beneficial. The handling of unbalanced datasets is one specific difficulty in text categorization
that hybrid systems can help with. For instance, a hybrid system might combine oversampling
methods with an SVM classifier to enhance classification performance on unbalanced datasets
[18].

1.5 Challenges and Limitation

Text classification has certain limitations that can impact its effectiveness. These limitations in-
clude text-ambiguation as the most challenging for correct interpretation, where same words or
phrases reflect different meanings in different surrounding contexts. Text classification models
trained on specific domains may not perform well on different domains. The language, vocabu-
lary, and writing style can vary significantly across domains, making it challenging for models
to accurately classify text outside their training domain. Text classification models heavily rely
on training data to learn patterns and make accurate predictions. If the training set is limited
or biased, the model’s performance may suffer. Biases present in the data, such as underrepre-
sentation of certain groups, can be perpetuated by the model. Text classification models may
encounter words or phrases that were not present in their training data. These out of vocabulary
(OOV) words sometimes pose challenges as the model may struggle to understand or classify
these accurately. Some text classification approaches rely solely on matching keywords or simple
rules. This approach may overlook the broader context and meaning of the text, leading to mis-
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classification. Imbalanced datasets occur when certain classes have significantly more or fewer
instances compared to others in the training data [31]. Models trained on imbalanced data may
struggle to accurately classify minority classes. Deep learning models used for text classification
are often regarded as black-box models. While these provide accurate predictions, they lack
interpretability, making it difficult to understand how they arrived at a specific classification
decision. Language constantly evolves, with new words, phrases, and slang emerging over time.
Text classification models trained on outdated data may struggle but hard to understand and
classify contemporary language accurately.

1.6 Motivation

Addressing the text classification problem, several steps are used to develop an effective solution.
First, the objective of the text classification task and the categories or labels to be assigned
to the text data need to be clearly defined. Then, a diverse and representative dataset for
training and evaluation can be gathered. Preprocessing the text data includes removing noise,
standardizing formats, and handling missing values. Feature extraction methods are then used
to extract distinct features from the text data that can capture the representative characteris-
tics of each category. This can involve techniques such as bag-of-words and word embeddings.
Next, an appropriate text classification algorithm or model matching the specific requirements
and characteristics of the subjected problem is chosen. After that, the dataset is divided into
training and testing sets. The chosen model is trained on the training set, and the parame-
ters are fine-tuned for optimized performance. The model is evaluated on the validation data
using appropriate metrics like accuracy, precision, recall, or Fl-score. The model can also be
fine-tuned by experimenting with different hyperparameters, feature representations, or regular-
ization techniques to improve classification performance. Once satisfied, the model is evaluated
on a separate testing set to examine its generalization capability. The trained model is deployed
in a production environment to classify new, unseen text data. Continuously monitoring the
performance of the deployed model, gathering feedback, and addressing any issues or drifts in
classification accuracy is essential. Regularly retraining or updating the model with new data
ensures its relevance and effectiveness over time. By following these steps, a robust text clas-
sification solution can be built that effectively categorizes text data, enabling applications and
insights in various fields like information retrieval, sentiment analysis, recommendation systems,
and many more.

1.7 Thesis orgranization

Chapter 1 serves as the introduction to the thesis, providing an overview of the research topic,
including Artificial Intelligence, Machine Learning, NLP and Text Classification. Chapter
2 includes the literature review related to techniques to overcome performance issues in text
classification. Chapter 3 includes a comprehensive detail of Deep learning-based transformer
architecture models and its popular variant, the BERT model. Chapter 4 introduces a method-
ology that involves utilizing a pre-trained BERT model for conducting text classification on the
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20newsgroup dataset. This methodology aims to evaluate the performance of BERT model in
handling the classification task effectively. The results and discussions from the experiments
carried out during the investigation are presented in Chapter 5. This chapter examines the
results and evaluates them. Chapter 6 provides closing thoughts and suggests directions for
more study. It highlights the study’s main conclusions, talks about its contributions to the field,
and makes recommendations for possible directions for future research and development in the
text categorization and natural language processing domains.

Figure 1.3: Thesis Structure

1.8 Chapter Summary

This chapter provides an overview of ML and its types, Natural language processing, Text Clas-
sification, and the important use of Text Classification in the world. It covers the advantages and
disadvantages of text classification and use of text classification-based algorithm. Furthermore,
the chapter shows the research’s motivation objectives and the thesis organization.
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Chapter 2

Literature review

Over the years, researchers have developed different approaches to address text classification,
ranging from traditional machine learning algorithms to more recent deep learning techniques
[14]. In this chapter, we examine the existing literature on text classification and explore some
of the famous learning techniques that have shown remarkable success in this field [19].

2.1 Recurrent Neural Networks

RNN are networks commonly used in natural language processing and text classification. These
are capable of processing sequential data while maintaining internal state or memory of previous
inputs. This property makes these suitable for tasks like language modeling, speech recognition
and machine translation. The recurrent unit, which accepts both the current input and the
network’s past state as inputs, is the fundamental building block of RNN. The output of the
recurrent unit is transmitted together with a modified version of the prior state to the following
unit in the sequence. As a result, the network may keep a running internal memory of prior
inputs and utilize that data to forecast what the current input will be.

RNNs can combine with attention mechanisms and transfer learning to further enhance
perfectness of text classification tasks. RNNs can however be computationally expensive to
train and can suffer from issues such as vanishing and exploding gradients, which can make
training difficult [16]. Nonetheless, RNNs remain a powerful and widely used technique for text
classification and other natural language processing tasks. RNNs’ ability to interpret sequences
of varying length is one of its key advantages for natural language processing tasks. This is
achieved by processing the input sequence through rotating one character at a time, keeping
internal memory of previous characters. This lets the network to learn patterns and mutual
dependencies within the sequence.

22



Figure 2.1: Recurrent Neutral Network

2.2 Long Short-Term Memory

LSTM stand out as a crucial advancement in the realm of RNN, particularly for tackling a
persistent issue known as the vanishing gradient problem. This problem arises when RNN
struggle to retain information over long sequences, hindering their ability to effectively capture
dependencies in sequential data. LSTMs address this challenge by introducing specialized mem-
ory cells and arrangements within the network architecture. These components endow LSTMs
with the remarkable ability to selectively retain or forget information as needed, even across
lengthy input sequences. This capability makes LSTMs highly effective in capturing long-term
dependencies as well as mitigating the challenges associated with modeling sequential data.

LSTM

Figure 2.2: Long Short-Term Memory

LSTMs have been widely applied in text classification tasks and have demonstrated superior
performance. For example, Zhang et al. (2015) utilized LSTM networks for text categorization,
achieving significant improvements over traditional methods. The ability of LSTMs to capture
and retain relevant information over extended contexts has made them a popular choice in
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many NLP applications. Furthermore, researchers have explored variations of LSTM, such as
bidirectional LSTMs, which process sequential data both in forward and backward directions,
capturing dependencies from past and future contexts [4].

2.3 Gated Recurrent Unit

GRUs are another variant of RNNs that address limitations of traditional RNNs while offering a
simpler architecture compared to LSTMs. GRUs employ gating mechanisms similar to LSTMs,
enabling them to selectively update and reset their hidden states. This gating mechanism helps
GRUs to effectively model dependencies in sequential data while maintaining computational
efficiency.

Research studies have demonstrated the effectiveness of GRUs in text classification tasks.
For instance, Chung et al. (2014) compared the performance of GRUs with LSTMs on various
sequential learning tasks, including text classification, and found that GRUs achieve competitive
results with fewer parameters. GRUs offer a balance between mustering of long-term depen-
dencies and reducing computational efforts, making these a popular choice especially in text
classification applications [1].

GRU

—1
}F% f%nj

Figure 2.3: Gated Recurrent Unit

hes [ .

2.4 Convolutional Neural Network

CNNs are deep neural networks that excel at capturing spatial and local patterns in data. They
utilize convolutional, pooling and fully connected layers to process and extract features from
input data. CNNs are particularly effective in figuring out meaningful patterns such as edges,
shapes, and textures in image analysis tasks [30] [28]. However, researchers have extended the
application of CNNs to text classification tasks by treating text as a one-dimensional sequence
of words or characters. CNNs for text classification operate on fixed-length input, such as
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sentences or documents. The key idea is to apply convolutional filters over the input, capturing
local patterns. These filters slide across the input and conduct element-wise multiplications and
additions to generate feature maps. Pooling layers then act to optimize or reduce dimensionality
of the features space, preserving only the salient ones. Finally, fully connected layers and softmax
activation function make predictions based on the extracted features [28].

Figure 2.4: Convolutional Neutral Network

CNNs for text classification have demonstrated impressive performance, often rivaling or even
surpassing other approaches. Moreover, researchers have explored different variations and en-
hancements to CNNs for text classification. For instance, Zhang et al. (2015) proposed a
character-level CNN that operates on characters of the text, enabling the model to capture fine-
grained linguistic information [31]. This approach proved effective for tasks such as sentiment
analysis and text categorization.

2.5 Generated Adversarial Networks

This type of deep learning models termed as GAN have completely changed the way that
generative modeling is done. Introduced by Ian Goodfellow and his colleagues in 2014 [22],
GANs have earned significant attention due to their ability to synthesize data that nearly
resembles the training data distribution. GANs are primarily composed of a generator and
a discriminator. The generator produces synthetic data that closely mimic the training data.
It takes as input a random noise vector and transforms same into a generated sample. The
generator typically consists of fully connected or convolutional layers, and followed by activation
functions that induce non-linearity. The generator generates samples which are identical to the
original data [22]. The discriminator, on the other hand, functions as a binary classifier and
seeks to distinguish between genuine and generated data. It takes real data and output from the
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generator as inputs and learns to distinguish between the two. The discriminator is typically
designed as a binary classifier with layers that retrieve features from the input and apply a
sigmoid activation function to output a probability that indicate the likelihood of the input
being real.
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Figure 2.5: Generated Adversarial Networks

During training, GANs involve a game between the generator and discriminator. In order to
trick the discriminator, the generator attempts to produce realistic samples, and the discrimi-
nator gains the ability to differentiate between created and actual samples. By reducing a loss
function that represents their rivalry, this adversarial process drives learning [22]. Whereas the
discriminator’s loss depends on correctly classifying samples, the generator’s loss is dependent
upon deceiving it. GANs have demonstrated success in a number of domains, including text
and image generation, yielding content that is contextually relevant and high-quality images [22].

Despite their remarkable achievements, GANs also come with certain challenges. One sig-
nificant challenge is mode collapse, where the generator produces a limited variety of samples
or fails to capture entire data distribution. Another challenge is training instability, where the
generator and discriminator can stuck in a suboptimal equilibrium during training. Addition-
ally, GANs require careful tuning of hyperparameters and substantial computational resources
for training.

2.6 Autoencoders

Unsupervised neural network models called autoencoders are employed for tasks including fea-
ture extraction, data compression, and dimensionality reduction. The input data is first cod-
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ified into a low-dimension latent space and then it is decoded to recover the original form.
Autoencoders consists of three layers which are encoder, decoder and bottleneck layer. The
encoder network compresses input data by reducing its dimensionality and capturing only es-
sential features. The bottleneck layer acts as a bottleneck for information flow and represents
the compressed latent space. The decoder network aims to reconstruct the original input by
progressively increasing the dimensionality [23]. During training, the autoencoders reduce the
difference or mismatch, between the original input and the reconstructed output, using a loss
function like mean squared error approach. The network parameters are adjusted through op-
timization algorithms like gradient descent. Autoencoders offer advantages such as they can
detect anomalies by reconstructing samples and identifying reconstruction errors. Autoencoders
are also useful for data denoising through training on noisy data and generating clean samples.

Reconstructed
Input Image

Image
.
-------- Latent Space - T,
representation
| ] 1 ] 1 |
Encoder Bottleneck Decoder

Figure 2.6: Autoencoders

Variational autoencoders (VAEs) extend autoencoders to generative models, enabling the gener-
ation of new samples from a learned latent space [29]. Autoencoders, however, have limitations.
Information loss may occur during encoding-decoding, leading to the loss of fine-grained details
or noise in the input. Interpretability can be challenging as the meaning of each dimension in the
latent space may not be clear. Training large-scale autoencoders with complex architectures can
be computationally expensive, and tuning hyperparameters requires careful experimentation.

2.7 DL models Challenges/Limitation

Deep learning, while powerful, faces several challenges and limitations that are crucial to con-
sider [28]. One primary concern is the extensive data requirements. Deep learning models
typically demand a vast amount of labeled data for effective training, which can be arduous
and costly to acquire. Additionally, the computational resources needed for training large mod-
els are substantial, making it difficult for researchers or organizations with limited access to
high-performance hardware to leverage deep learning effectively. Overfitting is another critical
challenge in deep learning. Despite their complexity, deep learning models are susceptible to
overfitting, where they perform well on the training data but could not generalize its ability
for unseen data. Various regularization techniques have been proposed to mitigate overfitting,
but it remains a persistent concern. The training time for deep learning models can be quite
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long, particularly for complex architectures and large datasets. This slow training process can
hinder rapid experimentation and development, making it important to consider computational
efficiency in deep learning research. Although transfer learning has shown promise in leveraging
pre-trained models for specific tasks, generalization to different domains remains a challenge.
Ensuring that the knowledge captured in pre-trained models can be effectively transferred to new
and diverse tasks requires ongoing investigation. Another critical concern is the susceptibility
of deep learning models to adversarial attacks. These attacks involve introducing imperceptible
changes to input data, causing the model to misclassify. Developing robust models that deter
such attacks is an active area of research. Ethical considerations are paramount in deploying
deep learning models. Issues related to privacy, bias, and fairness arise when deploying these
models in real-world applications. Ensuring that deep learning models are ethically designed
and deployed is essential to avoid harmful consequences. Despite their impressive performance,
deep learning models are not yet fully understood in terms of how they learn and represent
information. In some cases, traditional machine learning methods may still outperform deep
learning, especially in domains with limited data availability. The reliance of deep learning on
massive datasets can be a limitation when data is scarce.

2.8 Chapter Summary

In this chapter, the basics of DL models and their weaknesses are explored. DL enables unsu-
pervised or automatic models, offering vast applications in healthcare, IoT, smartphones, and
more. The challenges include overfitting and limiting generalization to unseen data. Despite
these difficulties, DL holds immense potential to revolutionize various industries, enhancing
professional landscape and transforming daily lives. By addressing its limitations responsibly
and advancing research, DL opens up new possibilities for innovation and progress. Embracing
its power unlocks a world where machines learn and adapt seamlessly, shaping a future where
Al-driven technologies enrich our existence.
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Chapter 3

Transformer based Architecture

3.1 Transformer

The Transformer algorithm is a DL based network configuration that was first introduced in
2017 by Vaswani et al [26]. These are termed as next generation of RNNs and LSTMs and have
several distinct benefits to offer, like:

e Parallel processing: Improves performance and scalability metrics
¢ Bidirectionality: Allows better understanding of ambiguous words and coreferences [6].

In NLP and machine translation, Transformer model has over extended ability to process se-
quential input data, such as sentences or paragraphs. Unlike the traditional RNN, where it
would process data in series and that too with 100 words maximum, exceeding words than 100
would let RNN forgot previous words it had trained on. The LSTM was introduced to replace
the RNN which updated from 100 words maximum to 1000 words but exceeding 1000 words
would also make LSTM forgot the previous words it has trained on. So that researcher intro-
duced Transformers with self-attention mechanism. Self-attention mechanism allows to attend
to parts of the input when making predictions [26]. Over the range of NLP tasks, Transformer
architecture has produced cutting-edge results. It has also been modified and aligned for speech
recognition and computer vision.

In the Transformer architecture, the input data consists of a sequence of tokens corresponding
words or sub-word levels. Each token is represented by a vector that projects its meaning. The
self-attention mechanism computes a weight for each token such that which reflects its impor-
tance in the overall context of the input. These weights compute a weighted sum of all the input
vectors, and results in a context vector that captures meaning of the input sequence. One of the
main advantages of Transformers is its ability to make parallel processing of input sequences
of varying but unlimited size. This is because the self-attention mechanism allows the model
to compute importance of all input tokens in parallel unlike RNNs that process sequentially
one token at a time. This makes the Transformer much faster and more efficient than RNNs,
especially for long input sequences. Multi-head attention is another key feature that allows the
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Figure 3.1: Transformer based Algorithm

model to attend to different parts of the input in parallel by dividing the input vectors into
multiple subspaces or heads [27]. The attention weights are computed separately for each head,
and the results are just concatenated to produce the output. This lets the model to capture and
reflect all aspects of the input into a more meaningful output. The use of residual connections
and layer normalization is also important for the performance of the Transformers. Overall, the
Transformer algorithm is a highly effective tool for a wide variety of NLP tasks due to its abil-
ity to process input sequences in parallel using self-attention. Its use of multi-head attention,
residual connections, and layer normalization make it a powerful neural network for processing
sequential data.

An encoder and a decoder are the two fundamental parts in Transformers. The encoder
processes the input sequence and produces trails of hidden representations that spell out mean-
ings. The decoder utilizes these hidden details and generates a learned output sequence. The
Encoder and Decoder blocks are explained to a detail as in the following sections.

3.1.1 Encoder

The encoder in Transformers is made up of a series of identical functional blocks or layers. Each
such layer comprises of two sub-layers: a multi-head self-attention and a feedforward network
sub-layer. Around each of these is a residual connection and a layer normalization. Each of the
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sub-output layer is called LayerNorm (x 4+ Sublayer (x)), where Sub-layer (x) is the function
that the sub-layer itself implements. All sub-layers and the embedding layers give outputs with
the dimension dmodel = 512.
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Figure 3.2: Encoder

The multi-head self-attention mechanism computes a weighted sum of the input tokens, where
the weights are proportional to the similarity between each token and all other tokens in the
input sequence. This enables to capture relationships between different parts of the input se-
quence [10]. The feedforward neural network is a standard fully connected neural network
consisting of two linear transformations with a Rectified Linear Unit (ReLLU) activation in be-
tween. It takes output from the self-attention sub-layer and passes same through a non-linear
activation function to produce new set of hidden representations. The use of a feedforward
network lets the model to learn complex non-linear relationships between the input tokens.

FFEN(z) = max(0, Wy + b)) Wy + by (3.1)

Each layer in the encoder also has residual connections and layer normalization. The residual
connections allow the gradient to flow across the layers, which controls the vanishing gradient
problem. The layer normalization stabilizes distribution of the input data and improves per-
formance of the model. The output of the final layer in the encoder is a sequence of hidden
representations that capture meaning of the input sequence. These hidden states are used as
input to the decoder, which correspondingly generates the output sequence.

3.1.2 Decoder

The decoder in the Transformer configuration is meant for generating the output sequence in
reference to the input through utilizing hidden states as maintained by the encoder. In addition,
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it also has a series of identical functional blocks or layers consisting of a feedforward network,
a multi-head self-attention, and a masked multi-head attention mechanism as each sub-layer.
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Figure 3.3: Decoder

The multi-head self-attention, functioning similar to the encoder’s self-attention, makes up the
first sub-layer of each decoder layer. It enables to focus on various portions of the output se-
quence concurrently and discover the mutual connections between various output tokens. The
encoder’s hidden representations are attended to by a multi-head attention arrangement in the
second sub-layer, wherein the decoder uses the hidden states from the input sequence to gener-
ate corresponding output sequence. This attention technique aids the decoder in concentrating
on portions of the input sequence that are each output token’s most pertinent to. A feedforward
neural network, which makes up the third sub-layer, uses a non-linear activation function on
the output of the attention mechanism. This aids the decoder in understanding complicated
connections between input and output sequences. Each layer in the decoder has residual connec-
tions and layer normalization, just like that of the encoder, to enhance the model’s performance
and stability. The resulting output sequence, which might be a translation, summary, or any
other type of output depending on the task, is the output of the final layer of the decoder. One
of the benefits of decoder in Transformers is its ability to generate output sequences in parallel.
This is because each layer in the decoder can attend to all previous output tokens and the input
sequence simultaneously. Overall, the decoder in the Transformer architecture is a powerful tool
for generating output sequences based on input hidden states. Its use of multi-head attention
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mechanisms, feedforward neural networks, residual connections, and layer normalization makes
it capable of sequence-to-sequence tasks in natural language processing and beyond.

3.2 Attention

Attention mechanism used in Transformers allows to focus on parts of the input sequence. This
enables the model to assign different weights to each input token based on its relevance to
the current output token. In the context of the Transformer architecture, attention can be
divided into self-attention and multi-head attention. Self-attention is used within the encoder
and decoder to enable each token to attend to other tokens within the same sequence. Multi-
head attention, on the other hand, is used only in the decoder to allow each output token to
attend to the hidden states of all input tokens. Self-attention involves computing a weighted
sum of the input sequence, where the weights are determined by similarity between each token
and all other tokens in the same sequence. The similarity is computed through using a dot
product between a query vector, a key vector, and a value vector for each token [26]. The
query vector is used to determine the relevance of the token to other tokens in the sequence,
while the key and value vectors are used to compute the weights. Multi-head attention involves
computing multiple weighted sums of a sequence, each with a different set of query, key, and
value vectors. These different vector sets enable the model to capture various aspects of the
sequence in parallel and then combine to produce a single output vector.

Figure 3.4: Attention

The weights in both types of attention mechanisms are computed using a softmax function,
which ensures that the weights add up to one can be interpreted as a probability distribution
over the whole chunk of tokens. This allows the model to assign higher weights to tokens that
are more relevant to the current one. Application of attention in Transformers enables the model
to handle sequences of variable length without the requirement for fixed-length representations
and allows the model to capture complicated interactions between input and output sequences.
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3.2.1 Scaled Dot-Product

Scaled Dot-Product Attention is a variant of the attention mechanism. The dot product oper-
ation can result in very large values for the weights, which can cause numerical instability and
slow down the training process. To address this issue, the dot product is scaled by the square
root of the dimension of the key vector [12]. This scaling ensures that the weights remain in a
reasonable range and do not explode or vanish during training. The scaled dot product is then
passed through a softmax function, which normalizes the weights to ensure that they add up
to 1 and can be interpreted as a probability distribution. The resulting weighted sum of the
values then compute output of the attention mechanism.

Attention (Q, K, V) = soft (QKT)V (3.2)
ention (Q, K, V) = softmazxr | —— .
Vg

The Scaled Dot-Product mechanism is used multiple times in the Transformer architecture,
allowing to attend to different parts of the sequence with different queries, keys and values.
This enables the model to capture complex relationships between input and output sequences
and process variable-length sequences. In overall, the Scaled Dot-Product Attention mechanism
is a crucial element which has significantly improved the performance of Transformers in natural
language processing tasks.

Figure 3.5: Scaled Dot-Product Attention

3.2.2 Numerical Calculation

Haider | |eating | |cake (3.3)

0.12/0.53] [ 0.71]0.43] [0.48/0.65 (3.4)

P = 0 1 2 (3.5)
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.. Applying Positional embedding

0.12] 0.53]0.22| |0.71] 0.43]0.23| |0.48] 0.65|0.24

We get Q,K and V,

[ 0.12 0.53 0.22
Q = 0.71 0.43 0.23
| 0.48 0.65 0.24

[0.12 0.53 0.22
K = [0.71 0.43 0.23
10.48 0.65 0.24

Taking transpose of K,

[0.12 0.71 0.48
KT = 1053 043 0.65
022 0.23 0.24

[0.12 0.53 0.22]
V= 0.71 0.43 0.23
10.48 0.65 0.24

Now Calculating attention weights,

0.12 0.53 0.22 0.12 0.71 0.48
a = Q.KT"= 1071 043 0.23| % |[0.53 0.43 0.65
0.48 0.65 0.24 0.22 0.23 0.24

ay = (0.12 x 0.12 + 0.53 x 0.71 + 0.22 x 0.48) = (0.4963)
a1s = (0.12 x 0.71 + 0.53 x 0.43 + 0.22 x 0.23) = (0.3637)
a13 = (0.12 x 0.48 + 0.53 x 0.65 + 0.22 x 0.24) = (0.4949)
asy = (0.71 x 0.12 + 0.43 x 0.53 + 0.23 x 0.22) = (0.3637)

azs = (0.71 x 0.71 + 0.43 x 0.43 + 0.23 x 0.23) = (0.7419)
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ass = (0.71 x 0.48 + 0.43 x 0.65 4 0.23 x 0.24) = (0.4163)
as; = (0.48 x 0.12 + 0.65 x 0.53 + 0.24 x 0.22) = (0.4549)
asy = (0.48 x 0.71 + 0.65 x 0.43 + 0.24 x 0.23) = (0.4163)

ass = (0.48 x 0.48 + 0.65 x 0.65 + 0.24 x 0.24) = (0.7105)

ajp Qi1 Qi3 0.4963 0.3637 0.4949
a = A921 Q92 Q923 = 0.3637 0.7419 0.4163
31 Q32 Q33 0.4549 0.4163 0.7105

Now we get weighted word vector,

@11 a2 Qi3 Vit Via Vi3
/
a=aV = |ay ax ag| * |Va Vi Vo
a31 Adzz G33 Var Vao Vs

ay = (0.4963 x 0.12 + 0.3637 x 0.71 + 0.4549 x 0.48) = (0.5361)
a1z = (0.4963 x 0.53 + 0.3637 x 0.43 + 0.4549 x 0.65) = (0.7151)
a13 = (0.4963 x 0.22 + 0.3637 x 0.23 + 0.4549 x 0.24) = (0.3020)
az = (0.3637 x 0.12 + 0.7419 x 0.71 + 0.4163 x 0.48) = (0.7702)
az = (0.3637 x 0.53 + 0.7419 x 0.43 + 0.4163 x 0.65) = (0.7823)
ass = (0.3637 x 0.22 + 0.7419 x 0.23 + 0.4163 x 0.24) = (0.3505)
as: = (0.4549 x 0.12 + 0.4163 x 0.71 + 0.7105 x 0.48) = (0.6912)
ass = (0.4549 x 0.53 + 0.4163 x 0.43 + 0.7105 x 0.65) = (0.8819)

azs = (0.4549 x 0.22 + 0.4163 x 0.23 + 0.7105 x 0.24) = (0.3663)
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Now passing the weighted words through normalization layer,

a a a
a = = _— = _
Ve V9 3
ail a2 413 0.5361  0.7151  0.3020
3 3 3 3 3
— a21 a2 @23 _ 0.73702 0.7823  0.3505
- 3 3 3 o 3 3 3
a3 azm @ 0.6912 0.8819 0.3663
3 3 3 3 3 3

0.1787 0.2383 0.1006
= 10.2567 0.2607 0.1168
0.2304 0.2939 0.1221

Now passing through softmax activation function,

eaz

Z?:l et

a =

.. e = exponantial which is equal to 2.718

%1787 = 1.1956
%233 = 1.2690
%1906 — 1 1058
257 = 1.2926
%2097 — 12978
1168 — 11238
2301 — 1 2591
%2939 — 13416

1221 — 1 1208

n

Zezi = 11.0151

Jj=1
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(3.39)
(3.39)
(3.40)
(3.41)
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(3.43)
(3.44)
(3.45)
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1.1956

7 —
Softmar (Zu1) = 175751
1.2690

¢ Z11) =
Softmar(Zu) = {7515
1.1058

7 —
Softmaz (Z11) = 7757
1.2926

¢ Z11) =
Softmaz (Zu) = {1157
1.2978

7 —
Softmaz (Z11) = 7757
1.1238

¢ Z11) =
Softmaz(Zu) = {7575
1.2591

¢ Zi1) =
Softmaz (Zu) = 7375777
1.3416
¢ ) = —o0
Softmaz (Zu) = 174757
1.1298

¢ Zi1) =
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= 0.1178

= 0.1020
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(3.49)
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(3.52)
(3.53)
(3.54)
(3.55)

(3.56)

(3.57)

(3.58)
(3.59)

(3.60)

The Z* will be sent to Decoder block (which is responsible for translating the languages),
to do whole process again but in reverse method and hence at the end we will get the output

but in different language.

‘Process again but in reverse method

’Spcmz'sh Language| Haider comiendo pastel
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3.3 Transformer Based Models

Since its introduction, the Transformer model has served as the foundation for numerous other
models in the field of NLP. Encoder and decoder are two major elements use in original architec-
ture. BERT uses encoders and GPT uses decoders only. Some examples of Transformer-based
models include:

1. BERT: It refers to Bidirectional Encoder Representation from Transformer. It was first
introduced by Google [25]. It is a pre-trained language model that can be fine-tuned for
a wide variety of NLP tasks such as text classification, named entity recognition, and
automatic question answering.

2. GPT: It Stands for Generative Pre-trained Transformer. It was introduced by OpenAl
and has several variations, with GPT-2 and GPT-3 being the two most well-known. These
are pre-trained language models that can generate human-like text in response to a given
prompt or question.

Figure 3.6: BERT and GPT

3.3.1 BERT Model

The BERT is a pre-trained deep learning model for NLP developed in 2018 by Devlin et all
at Google [21]. It uses the transformer architecture. The key attribute of BERT is its ability
to pre-train on huge amounts of text data using distributed computing system and memorize
the underlying patterns and relationships in the language syntax and semantics. This pre-
training is done through two techniques: masked language modeling (MLM) and next sentence
prediction (NSP). A pre-trained BERT can be easily fine-tuned on specific NLP tasks. For
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fine-tuning we just add a task-specific layer on top of the pre-trained BERT and then train the
network on a smaller dataset related to the specific task. The effectiveness of BERT in NLP
has been demonstrated through various benchmark datasets [8], and has revealed advanced
performance. The availability of pre-trained BERT models has also facilitated the researchers
and developers to apply it to various NLP tasks and achieve high levels of accuracy with less
data and computing resources. The two techniques for pre-training of BERT are elaborated in
the following sections.

3.3.2 Masked Language Modeling

mat has highest probability - overlay, pad, mat

T

Output [cLs]|  The |  cat | sat || on the [SEP]

N I

BERT masked language model

N A D A

Input [CLS]|  The | cat sat on the [SEP)

Figure 3.7: MLM structure

MLM is one of a pre-training technique used for BERT. In MLM, a certain percentage of input
tokens in a sentence are randomly masked. The model is then trained to predict the masked
ones based on the context of surrounding tokens. For example, for a sentence like ”The cat
sat on the 7 the word “mat” may be randomly selected and replaced with a special masked
token, resulting in ”The cat sat on the [MASK]”. The BERT model is then trained to predict
the masked token in reference to surrounding tokens, which in this case is " The cat sat on the”,
giving the model a clue that the missing word is likely to be "mat”. The MLM task is important
because it allows the BERT to learn bidirectional representations of the language. This means
that the model can understand meaning of a word based on its context in both the forward and
backward directions, which helps it to learn more accurate and robust language representations.
The BERT model learns broad language representations during pre-training by being exposed
to a huge quantum of text data, which enables it to be easily tailored for certain downstream
NLP applications like text categorization, named entity recognition and question answering etc.
Many benchmark datasets have shown that BERT is effective at completing these tasks, with
better results. In the fig 3.7 [CLS] means Classification and [SEP| means Separator. These are
special tokens that are added to sentences for Bert to easily understand it.
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3.3.3 Next Sentence Prediction

NSP is another pre-training technique used for BERT. In NSP, the model is provided with
two consecutive sentences and trained to predict whether the second sentence is a continuation
of the first or not. For instance, for the two phrases: “Ali is a good guy. He will play a
game.”, the BERT model anticipates that if the second sentence would come after the first. It
is important because it allows to understand the relationship as how the two are connected.
This is particularly useful for tasks like natural language inference which tries to find whether
one sentence entails, contradicts, or is neutral with respect to the other.

NSP
A B mmmmmm e '
| |
I
Aliis good guy. — He will play a game. — A+B :
! ]
! |
! ]
| ]
A B 1 :
! ]
]
He will play a game. — Aliis good guy. — B+A :
! |
| |

Figure 3.8: NSP Pipeline

3.4 WordPiece

BERT uses WordPiece tokenizer to represent words in a more flexible and efficient manner [7],
to improve performance in various tasks [10]. WordPiece is a subword-based text segmentation
algorithm which is used in NLP to tokenize words into smaller units [17]. The WordPiece was
first introduced by Google in 2016 and has since been widely used in various NLP applications.
The WordPiece algorithm works by iteratively merging the most frequent pair of consecutive
character sequences in a corpus until a predefined vocabulary size is reached. This process
produces subword units that represent any word in the corpus. The resulting vocabulary is
typically much smaller than the original vocabulary of words, which can reduce the data sparsity
and improve generalization of the model. For example, the word “university” can be segmented
into “un”, “##iver”, and “#+#sity” using the WordPiece algorithm. The “##” prefix indicates
that the subword unit is a continuation of the previous unit, which allows the algorithm to
capture morphological information such as prefixes, suffixes, and inflections.

The use of subword units such as WordPiece allows to better handle out-of-vocabulary (OOV)
words and improves the model ability to handle rare or misspelled words. It also helps to
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WordPiece tokenization it is super cali fra gil istic ex pia lido cious

Sel o::,:::::::nus CrE it is supercalifragilisticexpialidocious
Input Text it is supercalifragilisticexpialidocious

Figure 3.9: Word Piece Tokenizer Example

capture the similarity between words that share common subword units, which help improve
text classification, language modeling, and machine translation tasks.

3.5 Types of Bert Model

There are two types of BERT models which are given as below:

BERT-Base: This base version has 12 layers and 110 million parameters, making it
suited for smaller tasks or fine-tuning on larger datasets. Researchers use this model to
evaluate performance compared to other models.

BERT-Large: This larger version boasts 24 layers and 340 million parameters, designed
for more complex NLP tasks demanding higher accuracy and performance. It has been
used to achieve more accurate results on high-performing computational systems.

There are several other variants of BERT models modified by developers and practioners for
various NLP tasks. Some of the most common types of BERT models include:

Multilingual BERT: This is a version of BERT that has been trained on multiple
languages. It can handle input text in various languages and can be used for cross-lingual
NLP tasks.

BioBERT: This is a specialized version that has been pre-trained on biomedical texts.
It is fine-tuned for various biomedical tasks such as named entity recognition, relation
extraction, and question-answering etc.

RoBERTa: This BERT variation employs “dynamic masking,” a distinct pre-training
strategy. On a number of NLP benchmarks, it has been demonstrated to perform better
than BERT.

DistilBERT: This is a smaller and faster version of BERT that has been trained using
a knowledge distillation technique. It has fewer parameters and can be fine-tuned more
quickly than the larger BERT models.
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3.6 Applications of Bert Model

Text Classification: BERT has been used for text classification as in sentiment analysis,
spam detection and topic segregation etc. The pre-trained BERT can be fine-tuned to
improve performance in a particular classification task [21].

Question Answering: BERT has been used for question-answering tasks like SQuAD
(Stanford Question Answering Dataset) and TriviaQA. The pre-trained model is fine-
tuned by feeding it with the question and the related paragraph or document, to find the
answer to the question.

Named Entity Recognition: BERT has been used to extract entities such as names, or-
ganizations and locations from text data. Here BERT is fine-tuned on a carefully compiled
dataset to improve performance in recognizing entities.

Language Translation: BERT has been used for machine translation purposes to trans-
late text from one language into another. For this purpose, pre-trained BERT is fine-tuned
on given languages pair to improve its translation worthiness.

Text Summarization: To derive brief summary out of a lengthy text, BERT has shown
promising results. To enhance BERT performance for summarization, it is fine-tuned on
a particularly designed dataset.

3.7 Chapter Summary

This chapter introduced Transformer models and its basic algorithm. Transformer is a deep
learning models which is made up of stack of BERT and GPT. Also, talked about BERT and
its use strategy that includes applying pre-trained models to address new problems, allowing for
more efficient and faster model training [15]. The chapter addresses the advantages of transfer
learning models and looks at how it may be used in NLP and other domains [21].
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Chapter 4

Proposed Methodology

The ability to accurately classify text into multiple categories has become increasingly important
in various domains. With the advent of pre-training techniques in natural language processing
models like BERT, remarkable performance has been witnessed in a variety of language under-
standing tasks. However, fine-tuning for multi-classes text categorization still remains an area
of active research.

This thesis proposes a methodology for fine-tuning BERT for multi-class text classification
using the latest versions and platforms. By leveraging the power of transfer learning and ex-
tensive language representation capabilities of BERT, the aim to come up with a robust and
accurate BERT model that effectively categorizes text into multiple classes. By integrating
the power of BERT with strategic cross-validation techniques, the desire to go beyond what
is possible with traditional models. This amalgamation seeks to not only expedite the classi-
fication but also elevate accuracy of the results and accommodate resource constraints. The
proposed methodology involves several key steps. First, a large-scale labeled dataset suitable
for fine-tuning regarding multi-class text classification job is collected. Next, an appropriate
BERT model, already pre-trained on huge quantum of language data to better capture language
understanding, is selected and acquired. The labeled dataset is then prepared for fine-tuning
by converting the text data into BERT-compatible input format. The BERT model is modified
by adding a classification layer, and the fine-tuning process is carried out using a supervised
learning technique. It may evaluate the model’s performance before using it on the validation
set since performance evaluation happens during the cross-validation procedure on the training
data. Necessary optimizations and adjustments are made based on the evaluation results. The
final model is tested on an unseen dataset to obtain unbiased performance metrics. The pro-
posed methodology is compared with existing baselines and state-of-the-art models to assess its
effectiveness and superiority. The successful implementation of this methodology has the po-
tential to further enhance viability of multi-class text classification, enabling more accurate and
efficient categorization across various applications. The findings of this research can contribute
to advancements in NLP and have practical implications in areas such as automated content
classification, sentiment analysis, and topic modeling, etc. Furthermore, this work open venues
for future enhancements and explores research directions in the field of fine-tuning large-scale
BERT models for multi-class text classification.
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Figure 4.1: Proposed Methodology Structure

4.1 Proposed Algorithm

In this section, the algorithm for the fine-tuned large-scale BERT model for multi-class text
classification is presented. The algorithm encompasses various components, including word
embedding, hidden layers, activation functions, optimizers, and evaluation functions. Each
component has bearing on and exhibit important role in enhancing overall performance and
accuracy of the model.

4.1.1 Word Embedding

Word embedding is a critical step in NLP tasks [3]. In this proposed methodology, the Word-
piece tokenization technique is employed to break down words into sub-word units. Wordpiece
tokenization enables the model to handle terms that are not commonly used and to collect
more precise data. It splits words into smaller units, enabling the model to better understand
complex morphological structures and handle rare or unknown words effectively. Pre-trained
Wordpiece embeddings, such as those obtained from the BERT model, are utilized to represent
the sub-word units. These embeddings provide a dense vector representation for each sub-word,
capturing semantic and syntactic information that is essential for multi-class text classification.

4.1.2 Hidden Layers

The hidden layers in the proposed algorithm are composed of BERT’s attention layers and
additional dense layers. BERT is a powerful language model that employs attention mechanisms
to capture the contextual relationships between words. By utilizing BERT’s attention layers as
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the initial hidden layers, the model can effectively encode the input text and capture important
semantic information. Additionally, one or more dense layers are incorporated to further capture
complex patterns and relationships in the data. Dense layers consist of fully connected neurons,
allowing the model to learn non-linear representations of the input. These hidden layers play
a crucial role in extracting meaningful features from the text and enables the model to make
accurate predictions for multi-class text classification tasks.

4.1.3 Activation Functions

Activation functions induce non-linearity, enabling to learn complex connection and capture
non-linear dependencies within the textual data. In the proposed methodology, the softmax
activation function is utilized in the final layer of the model. The softmax function normalizes
the output probabilities across multiple classes and provides a probability distribution across
the classes. It ensures the predicted class probabilities add up to 1, allowing for a reliable and
interpretable predictions for multi-class classification tasks. By employing the softmax activa-
tion function, the model can assign probabilities to each class and make confident predictions
based on these probabilities.

e(EZ

=

(4.1)

4.1.4 Optimizers

Optimization algorithms play a crucial role in training the model and updating its network
parameters. In the proposed methodology, the RAdam optimizer is implemented. Output
from Adam optimizer passes through rectified linear unit to limit maxima and force improved
convergence speed and performance. The Adam optimizer uses the predefined learning rate
which allow for a faster convergence and better handling of sparse gradients. By incorporating
rectified linear units, which introduces non-linearity into the optimization process, RAdam
enhances its ability to learn more complex patterns and achieve better generalization. The
choice of the RAdam optimizer in the proposed methodology is to optimize the training process
and improve fine-tuning towards multi-class text classification.

4.1.5 Evaluation Function

To evaluate the fine-tuned BERT model for multi-class text classification, various evaluation
metrics are employed. These metrics help assess the model’s classification performance across
multiple classes. A confusion matrix is generated, presenting a comprehensive overview of pre-
dictions and their alignment with respect to the true labels. The model’s throughput for each
class is then examined, including the quantities of true positives, true negatives, false positives,
and false negatives. Metrics like F1 score, recall, accuracy, and precision are also computed.
Accuracy is used to gauge the overall level of the model predictions. Precision indicates the
model’s ability to reduce false positives, calculating the percentage of accurately predicted posi-
tive cases out of all instances projected as positive. Recall calculates the proportion of correctly
predicted positive instances out of all actual positive instances, representing the model’s ability
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to minimize false negatives. The F1 score provides a more balanced measure of precision and
recall, considering both false positives and false negatives. These evaluation metrics help under-
stand the model’s performance, identify strengths and weaknesses, and make informed decisions
for further optimization and fine-tuning. Macro avg is the average of the precision, recall, and
f1-score for each class. Weighted avg is the average of the precision, recall, and fl1-score for each
class, weighted by the support for each class.

4.1.6 Cross-validation

Cross-validation is a technique widely employed for the assessment of machine learning models
and their ability to generalize [9]. It operates by dividing the dataset into distinct subsets, often
referred to as “folds.” The model is trained on all the data except one subset, constituting the
training set, and then evaluated on the only subset earlier separated from the training lot, and
termed as the validation set. This process is repeated iteratively for all folds. ensuring that the
model is trained and tested using all the provided data.

Figure 4.2: 5-fold Cross Validation

The utilization of cross-validation offers several valuable advantages. One primary benefit
is its role in mitigating overfitting, as it subjects the model to diverse data partitions, thereby
reducing the impact of data-specific idiosyncrasies. This approach yields a more balanced
representation of the model’s abilities and limitations. It optimally exploits available data by
ensuring that each instance contributes to both training and validation across distinct iterations.
In essence, cross-validation enhances the reliability, robustness, and generalizability of machine
learning models. In this proposed methodology, 5-fold cross-validation is implemented.
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Dataset name Changes Samples
20news-19997.tar.gz Original 20 Newsgroups data set 20,000
20 Newsgroups; duplicates removed, only 18.898
“From” and “Subject” headers ’

20news-18828.tar.gz

Table 4.1: 20newsgroup dataset types

By implementing all the steps above, the aim is to enhance the model’s accuracy and ability
to classify text into multiple classes. The utilization of BERT’s attention and dense layers
enables the model to capture contextual relationships and complex patterns effectively. The
proposed methodology can be applied to various applications such as sentiment analysis, topic
modeling, and content classification, among others.

4.1.7 Dataset

The 20 Newsgroups collection is a widely used benchmark dataset in NLP and text classification
tasks. On a wide range of subjects, including sports, politics, technology, and more, it comprises
posts from many newsgroups. The dataset offers brief textual information that can be used for
multi-class text classification by concentrating on the “From” and “Subject” headings. The
dataset serves as the basis for training, validation, and testing Pre-trained BERT model for
multi-class text classification. The documents’ “From” and “Subject” headers provide valuable
information for predicting the appropriate category or topic associated with each document. By
utilizing this dataset, the proposed methodology aims to develop a robust and accurate model
capable of accurately classifying text into multiple classes. The performance of the model will
be gauged on metrics like accuracy, precision, recall and F1 score using two of the 20newsgroup
datasets independently for fine-tuning and evaluation.

The 20news-18828.tar.gz dataset, which consists of documents from the 20 Newsgroups
collection. The dataset has been pre-processed to remove duplicate documents, resulting in
18,828 unique documents. Only the “From” and “Subject” headers of each document are
retained for text classification. By removing duplicates, we eliminate potential biases and
redundancy in the data, enabling more accurate and reliable model training and evaluation.
While 20news-19997 is a raw data of same dataset containing all samples in the original form.
Table 4.1 shows type of datasets discussed here.

Utilizing the 20news-18828 and 20news-19997 datasets, the proposed methodology develops
a robust and accurate classifier that yields state-of-the-art results.

4.2 Experimental Details

In this section, The development of practical implementation of the proposed methodology will
be discussed, providing intricate details of its execution:
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Libraries

Descriptions

import os

facilitates interaction with the operating sys-
tem.

import codecs

supports diverse character encodings for ef-
ficient data handling.

import tensorflow as tf

forms the core of our neural network design
and training.

import tensorflow_io as tfio

extends TensorFlow’s capabilities for han-
dling various data formats.

from tqdm import tqdm

enhances iterative processes with informa-
tive progress bars.

from chardet import detect

automatically detects the encoding of byte
streams.

import tensorflow.keras

empowers us with the Keras API from Ten-
sorFlow for building models.

from tensorflow_addons.optimizers import Rectified Adam

introduces the RAdam optimizer, vital for
optimizing our model.

from keras_bert import load-trained-model_from_checkpoint

equips us with tools tailored for BERT model
operations.

import numpy as np

plays a crucial role in numerical array oper-
ations.

import pandas as pd

offers versatile data manipulation capabili-
ties.

from sklearn.model_selection import KFold

orchestrates k-fold cross-validation.

from sklearn.metrics import accuracy-score

calculates accuracy metrics.

from tensorflow.keras.initializers import GlorotNormal

enables weight initialization.

import tensorflow.compat.vl as tf

ensures compatibility with TensorFlow ver-
sion 1.x.

Table 4.2: Imported Libraries

Initialization and Configuration

The foundation of this experimentation is established through the inclusion of essential libraries
and configurations. The table 4.2 contains all the necessary components required for the seam-
less implementation of this methodology:

4.2.2 Hyperparameters and Constants

The detail of hyperparameters used in the proposed research is given in table 4.3.

4.2.3 Data Reprocessing and Splitting

This phase delves into data reprocessing. Here, BERT’s language capabilities intertwine with
the dataset through tokenization. Tokenized data undergoes shuffling, priming it for division.
Subsequently, the data is partitioned into 80% training and the remaining 20% is divided for
validation and testing purpose, ensuring balanced representation.
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LR 0.0001

SEQ_LEN 128
BATCH_SIZE 50
EPOCHS 7
NUM_FOLDS 5

RANDOM _STATE 42

Table 4.3: Hyperparameter and parameter

4.2.4 Model Compiling

e The climax of model preparation arrives with compilation. Central to this step is the
RAdam optimizer, adept at steering training with adaptive learning rates. Accompanying
this is the softmax activation function, an enabler of probabilistic clarity. Nestled within
the final model layer, it normalizes output probabilities into interpretable predictions.

Figure 4.3: Model Compiling

— In the first line of code, Eager execution is enabled, allowing TensorFlow operations
to be evaluated immediately. This feature is particularly useful for interactive de-
bugging and development, as it facilitates tracking and understanding of operations
in a more intuitive manner.

— In the second line, RAdam optimizer is defined, and the learning rate is speci-
fied. The optimizer helps in adjusting the weights to minimize loss function during
training.

— In the third line, the input tensors required for the modified model are extracted
from the original BERT model. These input tensors typically include tokenized text
and segment information.

— In the fourth line, the output tensor of the NSP-Dense layer in the BERT model is
retrieved. This output will be used as input for the final classification layer, allowing
to capture essential features for an accurate classification.
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— In the fifth line, a new classification layer is created with 20 units and a softmax
activation function. This layer’s purpose is to produce probability distributions
over the possible classes, and the GlorotNormal initializer with a specified seed
is used to initialize the layer’s weights.

— In the sixth line, the model is constructed by combining the modified input tensors
and the newly created classification layer. This results in a new model that includes
the changes made for multi-class text classification.

— In the seventh line, the model is compiled with the defined optimizer,
sparse_categorical _crossentropy as the loss function suitable for multi-class clas-
sification with integer labels, and sparse_categorical accuracy as the evaluation
metric. The compilation step prepares the model for training by specifying how it
should update its weights and measure its performance during training and valida-
tion.

4.2.5 Cross-Validation Strategy

This section introduces an essential cross-validation strategy, foundational for comprehensive
evaluation. By segmenting the dataset into distinct folds, each containing unique training and
validation data, a meticulous assessment unfolds. Iterative training, evaluation, and refinement
culminate in a holistic understanding of model performance,robustness, and adaptability.

— In the first line of code, a K-Fold cross-validator is initialized with the specified
number of folds NUM_FOLDS, enabling the dataset to be split into multiple subsets
for cross-validation. Shuffle is set to True to randomize the order of instances before
splitting, and a fixed random_state (42) is used for reproducibility.

— In the second to fifth lines, lists are created to store various values and metrics for
each fold. all_predictions will store the predictions from each fold. train_loss_list
and train_accuracy _list will store the training loss and accuracy for each fold, while
val_loss_list and val_accuracy _list will store the validation loss and accuracy.

— In the sixth line, a counter variable fold is initialized to keep track of the current
fold being processed. The loop iterates through each fold created by K-Fold.

— In the next few lines, inside the loop, the indices for training and testing instances in
the current fold are extracted. train_indices and test_indices represent the indices
of instances used for training and validation, respectively.

— In the next few lines, the data is split based on the extracted indices for both training
and testing sets. train_x fold and train_y_fold represent the input features and
labels for the training set, while test_x_fold and test_y_fold represent those for the
validation set.

— In the following lines, the model is trained using the training data of the current
fold. The history object captures various training metrics, such as loss and accuracy,
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Figure 4.4: Cross validation implementation

over the epochs specified in EPOCHS, with a batch size of BATCH_SIZE. The
validation data, composed of test_x _fold and test_y_fold, is used to evaluate the
model’s performance after the training.

— In subsequent lines, the model’s predictions are obtained using the validation data
of the given fold. The predictions are converted to class labels using the argmax
function. The accuracy of the predictions is computed using the actual validation
labels, and it is printed along with the current fold number.

— In the last few lines, Metrics from the history object such as training loss, training
accuracy, validation loss, and validation accuracy, are extracted and stored in their
respective lists. These metrics provide insights into the model’s performance and
learning progress over each fold.

Collectively, this section navigates the dynamic landscape of model development, optimization,
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and validation. Through preprocessing, compilation, and cross-validation orchestration, a pro-
found understanding is cultivated. This paves the way for informed decision-making and an
ongoing journey of model refinement.

4.3 Chapter Summary

In this chapter, the intricate details of the techniques incorporated in the project are delved into,
elucidating the rationale behind their selection and utilization within the Proposed Algorithm.
The focus here is not on performance evaluation, as this aspect is reserved for Chapter 5. Instead,
each technique, such as word embedding, hidden layers, activation functions, optimizers, and
evaluation functions, is meticulously dissected, explaining their roles in enhancing the BERT
model’s capabilities for multi-class text classification. By thoroughly elucidating the inner
workings of these techniques, a robust foundation is aimed to be established for the subsequent
discussions in upcoming chapters. The pivotal inclusion of the Cross-validation technique, a
potent tool for model assessment, is also highlighted. Through its iterative nature, Cross-
validation safeguards against overfitting and furnishes a reliable framework to evaluate the
model’s performance across diverse scenarios, thereby fortifying the credibility of the research
outcomes. In addition to technique details, the chapter delves into the selection and pre-
processing of two datasets, namely 20news-18828.tar.gz and 20news-19997.tar.gz.
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Chapter 5

Result and Discussion

In this chapter, the results from experiments conducted to indicate the performance of a fully
trained (pre-trained + fine-tuned) BERT model for multi-class text classification by implement-
ing the cross-validation technique are presented. This chapter provides a detailed analysis of
the results obtained and discusses their implications.

Here, the details of the experimental results are directly presented, highlighting key findings
and the insights gained. The impact of different components of the proposed methodology, such
as the use of Wordpiece word embeddings, BERT’s attention layers, the dense layer, the soft-
max activation function, and the RAdam optimizer, is analyzed. The effect of hyperparameters,
parameter tuning, and architecture itself on the performance of the model is investigated.

Starting with the pre-processed dataset (Dataset 1), the presentation of evaluation metrics,
including accuracy, precision, recall, and F'1 score, provide insights into the model’s capability to
correctly classify text into multiple classes. These metrics are calculated using the test dataset
for the 20news-18828.tar.gz dataset. The performance of a fully trained BERT model is then
examined. The confusion matrix in the following figure lists the proportions of true positives,
true negatives, false positives, and false negatives for each class. This analysis helps spot any
correct or incorrect behaviors that may exist during the classification process, as well as the
model’s advantages and disadvantages for various classes. The data in the figure below shows
that the numbers that move along the diagonal are those that were correctly derived from the
whole data. The chart also shows no issue of class imbalance, indicating that the model has
been trained well and is in a stable mode.
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Figure 5.1: Confusion Matrix Table

Figure 5.2 provides a visual representation of the model weaknesses and strengths. The
x-axis of the graph shows the epoch number, and the y-axis gives the accuracy and loss. A
bar plot is generated using the Matplotlib library with the help of validation data. This plot
displays the number of folds, allowing visualization of any overfitting exhibited by the model,
which can impact its performance and provide insights for further analysis. The plot showed
that the BERT pretrained model has trained well on the 20newsgroup dataset. The training
and validation accuracy curves are fairly close to each other, and there is no indication that the
model is starting to plateau or even decreasing the accuracy. This suggests that the model is
able to generalize well to new unseen data as intended, and that it is not simply memorizing
the training data. The image shows the training and validation accuracy of a model that was
trained with cross-validation.
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Figure 5.2: Model evaluation using 5-fold cross-validation.
This plot shows no sign of overfitting for dataset 1.

Figure 5.3 and Figure 5.4 provide a visual representation of the class distribution in the test
and train data subsets. A bar plot is generated using the Pandas library. The x-axis represents
the numbers of samples in each class, and the y-axis shows the numbers of classes. These plots
display the number of instances in each class, allowing us to see any class imbalances or biases
in the dataset, which can impact the performance of the model and provide insight for further
analysis.

Figure 5.3: Train-y plot
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Figure 5.4: Test-y plot

The Figure 5.5 gives a table of metrics that show the performance statistics. The metrics in
the table include precision, recall, fl-score, support, accuracy, macro avg, and weighted avg.
Figure 5.5 also shows the metrics for each class in the dataset, as well as the overall metrics
for the model. The overall metrics are calculated by averaging the metrics for each class. It
also shows the number of instances in each class. This information can be used to calculate the
class imbalance, which is the difference in the number of instances in different classes. Overall,
the image shows the performance of the BERT model on a multi-class classification task. The
metrics in the table can be used to evaluate performance and to identify any potential problems.

5.1 Dataset 2

Dataset 2 represent 20news-19997.tar.gz, which was also used on the model for performance
evaluation. Starting with the presentation of the confusion matrix, followed by plotting to iden-
tify class imbalance and over-fitting issues, and finally, evaluation metrics including accuracy,
precision, recall, and F1 score.
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Figure 5.5: Classification Report

Fig 5.7 provides a visual representation of the model weaknesses (overfitting) and strengths. The
x-axis of the graph shows the epoch number, and the y-axis shows the accuracy and loss. A bar
plot is generated using the Matplotlib library with the help of validation data. The plot shows
that the BERT pre-trained model was trained well on the 20news-19997.tar.gz dataset. The
training and validation accuracy curves are fairly close to each other, and there is no indication
that the model is starting to plateau or even decreasing its accuracy. This suggests that it is

not simply memorizing the training data.
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Figure 5.6: Confusion Matrix Table

Figure 5.8 also present the overall metrics for the model on dataset 2. The overall metrics are
calculated by averaging the metrics for each class. It also shows the number of instances in
each class. This information can be used to see class imbalance, which is the difference in the
number of instances in different classes. Overall, the image shows the performance of BERT
model on the multi-class classification task. The metrics in the table can be used to evaluate
performance and to identify any potential problems with the model.
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Figure 5.7: Model evaluation using 5 fold cross-validation.
This plot shows no sign of overfitting for dataset 2.
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Figure 5.8: Classification Report

Figure 5.9 shows different text classification models compared each other. Each model is
described by a number of features, including the size of the dataset it was trained on, the type of
models used, the architecture of the models, whether the models were pre-trained, the accuracy
of the models, the disadvantages of the models, the performance of the models, and whether
the models are good for text classification tasks and lastly Classification tab. The classification
tab include Binary classification which means models are only able to predict two classes, while
multi-class classification models can predict more than two classes.

60



5.2 Comparison

In this chart, the performance of different text classification models is investigated. The accu-
racy, disadvantages, performance, and suitability for text classification tasks are also compared
using the Pre-trained BERT model with different other models [8] [1].

Modiel Size of dataset Models  Architecture  Pre-Trained Accuracy Disadvantage Performance TCtask Classification
NDM, SV, NB 20 3 Simple Ne 71.10% Nol as accurale as olher models Foor No binary
MMR, SVM, N8 20 3 Simple Ne 84.00% Not s accurate as other models vith fine-tuning Fair No binary
IModified CNN 4 classes only 2 Complex No 96.49% Requires large dataset to achieve high accuracy Good No multi
Auto encoder 20 2 Complex No 73.78% Not as accurate as other models Poor No binary
DEN+Softmax 20 2 Complex No 85.57% Not as accurate as other models with fine-tuning Fair No binary
Deep leaming and meta-thesaurus 20 2 Complex No 69.82% Not as accurate as other models Poor No binary
LSTM 20 2 Complex No 86.00% Requires large dataset to achieve high accuracy Good Yes binary
SVM+NB 9 classes only 2 Complex No 82.20% Not as accurate as other models with fine-tuning Fair No multi
CNN+LSTM topic categorize 2 Complex No 90.00% Requires large dataset to achieve high accuracy Good Yes multi
ML classifier comparison 20 4 Complex No 86.00% Not as accurate as other models with fine-tuning Fair No multi
Feature representation, ML classifiers 20 2 Complex No 58.00% Not as accurate as other models Poor No binary
Cross domain Transfer learing 5 classes only 3 Complex Yes 95.62% Requires large dataset to train the initial model Good Yes multi
Multi Ghannel CNN 20 2 Complex Yes 82.76% Requires large dataset to get better accuracy Fair No multi
Feature Engineering, Multi Channel CNN 20 2 Complex Yes 91.72% Requires large dataset to get befter accuracy Good No multi
Pre-trained BERT 20 1 bidirectonal Yes 92.137  Already trained with large dataset, but can give better gy yane  yes multi

accuracy with fine-tunning specifics dataset
transformer

Figure 5.9: Comparison of Pre-Trained BERT model with state-of-the-art machine and deep
learning methodologies on 20 newsgroup dataset in terms of Advantages and Disadvantages

This comparison helps us assess the effectiveness and superiority of the proposed methodology
in achieving higher accuracy and better performance in multi-class text classification tasks.

Figure 5.10: Visualization of research results comparing the performance of BERT and tradi-
tional machine learning models
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Dataset Accuracy
20news-18828 0.92293
20news-19997 0.90075

Table 5.1: Results of Model

The model showed some limitations or constraints during the experiments, such as computa-
tional resources, data availability, or potential biases in the dataset. The potential impact of
these limitations on the model’s performance is addressed, and suggestions for future research
to overcome these constraints are provided. Overall, this chapter provides a comprehensive and
detailed assessment of the results obtained from the fully trained BERT model for multi-class
text classification. Through this analysis and discussion, the aim is to gain a deeper understand-
ing of the model’s performance, uncover insights, and draw meaningful conclusions for further
improvements and advancements in the field.

5.3 Chapter Summary

This final chapter summarizes everything covered so far. Findings and comments, as well as
the outcomes of testing the classifier using cross-validation techniques, are discussed. Specifics
of how the model performed well on two separate datasets are examined. An evaluation of
how the model handled each dataset’s unique challenges and strengths is provided. This helps
determine where the model thrives and where it can struggle. One interesting finding is that
the first dataset, which doesn’t have any distracting noise, led to better accuracy compared to
the second dataset that had some noise in it.

This highlights the significance of clean data for our model’s success. Another important
aspect is how the model reacts to noise in the data. It is observed that it performs better when
the data is devoid of noise, implying that our model is sensitive to the quality of the information
provided. In summary, this chapter wraps up all the insights gained, reminding us of the model’s
strengths and limitations and how different types of data can impact its performance. It sets
the stage for future exploration in the area of text classification techniques.
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Chapter 6

Conclusion and Future work

6.1 Conclusion

The research’s main contribution is to enhance the performance of BERT model for text clas-
sification task using transfer learning technique. In this regard, BERT has been fine-tunned on
20newsgroup dataset by incorporating various components to get optimum results. The per-
formance measures achieved by BERT (on both datasets) showed remarkable accuracy of 92%
for preprocesed and 90% for raw dataset of 20newsgroup dataset. Comparison analysis of the
proposed model with all baseline models reveals that the former has outperformed among all.
The reason behind this performance is the selection of the cross validation technique for the
training of the model. Cross-validation makes the performance of the model robust by avoid-
ing overfitting. The bi-directional transformer architecture of pre-trained BERT has made it
suitable for multi-class text classification task.

6.2 Future Work

Better accuracies in text classification can be pursued through various approaches. During
fine-tunning, adjustment of parameters of the model can optimize the results. For enhancing
overall performance of predictions, some powerful tools like ensemble learning and stacking can
be employed. Harnessing the collective intelligence of multiples models can capitalize on their
diverse capabilities, leading to more accurate and reliable classifications. Synthetic data can be
generated from existing samples by using advance data augmentation strategies. The expansion
of dataset, makes the model more effecient and fit for real-world scenerios.
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