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ABSTRACT

This project proposes a method for generating video slide presentations from text arti-
cles. The proposed method involves text parsing, feature extraction, clustering, rank-
ing, summarization, slide creation, speech synthesis, and video generation. The BART
model finetuned on dataset is used for feature extraction and abstractive summariza-
tion. The K Medoids clustering algorithm is used for clustering the sentence features,
and the KNN algorithm is used for ranking. The markdown syntax and MARP are used
for slide creation, and the Azure cognitive speech services and FFMPEG are used for
speech synthesis and video generation, respectively. The comparision is drawn among
BART large and BART base models on the CNN/DM dataset. The results show that the
BART-large model outperforms in terms of ROUGE scores and employing the further

pipeline generates coherent and informative video slide presentations.

Keywords: Video slide presentation, Text articles, BART, CNN-DM dataset, K Medoids
clustering, KNN algorithm, MARP, Azure cognitive speech services, FFMPEG.
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1. INTRODUCTION

In recent years, the generation of video slide presentations has gained significant at-
tention due to the increasing demand for online education and knowledge sharing.
However, the manual creation of video slide presentations from text articles is a time-

consuming and tedious task. Therefore, there is a need for an automated method.

Overall, our proposed method provides an efficient and automated way to generate
video slide presentations from input articles, which can benefit various fields such as

education, journalism, and research.

1.1. Background

The generation of video slide presentations from text articles has been studied in various
research fields such as natural language processing, deep learning [1]], and multimedia.
Traditional methods for generating video slide presentations involve manual creation
using software such as Microsoft PowerPoint or Adobe Premiere Pro. However, these

methods are time-consuming and require a significant amount of effort.

To address this issue, several automated methods have been proposed, such as the use of
summarization techniques and text-to-speech synthesis. Summarization techniques in-
volve extracting the most important information from the input text and presenting it in
a concise format. Text-to-speech synthesis involves converting the summarized text into

speech, which can then be used to generate the audio for the video slide presentation.

Recently, deep learning-based approaches have shown promising results in generating
video slide presentations from input text. These approaches use advanced language
models such as BERT and GPT to extract features from the input text and generate
abstractive summaries. However, these models require a large amount of training data

and computational resources, which can be challenging to obtain for some applications.



1.2. Objectives

The main objective of this project is to propose an efficient and automated method for

generating video slide presentations from input articles. Specifically, we aim to:
* Develop a method for feature extraction from input articles.

* Employ clustering and ranking algorithms to group and rank the extracted fea-

tures.
* Perform abstractive summarization on each cluster using the BART model.
* Create slides using Markdown syntax and MARP.

* Generate audio using Azure Cognitive Speech Services and concatenate it with

the slides using ffmpeg to generate a video.

1.3. Problem Statement

The manual creation of video slide presentations from input articles is a time-consuming
and tedious task. Therefore, there is a need for an automated method that can generate

video slide presentations efficiently and accurately.

Existing automated methods for generating video slide presentations from input articles
have limitations such as low accuracy and poor quality of summaries. Therefore, there
is a need for a method that can generate high-quality summaries and accurately present

the information in the input articles.

1.4. Scope of Project

The scope of project involves developing an automated method to generate video slide
presentations from input articles. The goal is to address the time-consuming and tedious
process of manually creating video presentations. The project aims to utilize natural
language processing NLP algorithms to analyze the content of input articles and extract
relevant information using machine learning techniques. The system will incorporate
computer vision algorithms to generate appropriate visuals that match the content of
the input articles. A user-friendly interface will be designed and developed for users to

upload articles and receive video slide presentations. The accuracy and quality of the



generated video presentations will be evaluated using objective and subjective metrics.
User testing will be conducted to ensure that the platform meets the needs and expec-
tations of its target users. The system will be optimized for performance, enabling it to
generate video slide presentations quickly and efficiently. Finally, the necessary docu-
mentation and support will be provided to users for effective use and integration of the

platform into their workflow.



2. LITERATURE REVIEW

Recent advances in natural language processing and deep learning have led to the de-
velopment of various techniques for text summarization, including extractive and ab-
stractive methods. Similary the work on audio processing and speech synthesis through

neural models have made it possible for human like speech.

2.1. Related Theory
2.1.1. Summarization Tasks

The history of automatic summarization dates back to the 1950s, when researchers
began to explore the idea of using computers to automatically generate summaries of
news articles. In the early days, summarization systems were rule-based and relied on

hand-crafted rules to identify important sentences and extract key phrases.

One of the earliest summarization systems was the SLIP (Selective Logging and In-
tegrated Processing) system, which was developed in the 1960s by Edmund Berkeley.
The SLIP system was designed to automatically summarize news articles by selecting

the most important sentences and phrases, and was based on a set of hand-crafted rules.

In the 1970s and 1980s, researchers began to explore statistical approaches to summa-
rization. One of the early statistical models was the TF-IDF (Term Frequency-Inverse
Document Frequency) model, which was used to rank sentences based on their impor-
tance. The TF-IDF model assigns a weight to each word in a document based on its
frequency in the document and its rarity in the corpus as a whole. Sentences are then

ranked based on the sum of the weights of the words they contain.

In the 1990s and 2000s, there was a growing interest in machine learning approaches to
summarization. One of the early machine learning models was the SumBasic algorithm,
which was introduced by Vanderwende in 2007. The SumBasic algorithm is a simple
algorithm that assigns a weight to each sentence based on the frequency of the words it

contains, and then selects the top-ranked sentences to create the summary.

In recent years, deep learning models have been applied to summarization with great

success. One of the earliest deep learning models for summarization was the sequence-



to-sequence model, which was introduced by Sutskever et al. in 2014. The sequence-
to-sequence model uses a neural network to map the input text to a fixed-length vector,

and then uses another neural network to generate the summary from the vector.

Another popular deep learning model for summarization is the transformer model,
which was introduced in a 2017 paper by Vaswani et al. The transformer model is based
on the self-attention mechanism, which allows the model to attend to different parts of
the input sequence and learn representations that capture long-range dependencies. The
transformer model has been used for both extractive and abstractive summarization, and

has achieved state-of-the-art performance on many benchmarks.

One of the most popular abstractive text summarization models is the Bidirectional En-
coder Representations from Transformers BERT model. BERT [2]] has been used for
various NLP tasks, including text classification, named entity recognition, and text sum-
marization. However, BERT requires large amounts of data and training time, which

can be a limitation in some applications.

Another model that has been used for text summarization is the BART (Bidirectional
and Auto-Regressive Transformers) model [3]. BART is a sequence-to-sequence model
that uses a denoising autoencoder objective to pretrain on large amounts of text data,

and has been fine-tuned on the CNN/DM dataset for text summarization [4]].

2.1.2. Speech Synthesis

The history of speech processing can be traced back to the 1950s, when researchers
first began to investigate the use of computers to analyze and synthesize speech. One
of the earliest speech processing systems was the IBM Shoebox, which was developed
in 1952. The IBM Shoebox was a large machine that could recognize and synthesize

individual phonemes, the smallest units of sound in human speech.

In the 1960s and 1970s, researchers began to develop more sophisticated speech pro-
cessing systems that could recognize entire words and sentences. One of the early sys-
tems was the Hearsay II system, which was developed at Carnegie Mellon University
in the 1970s. The Hearsay II system used a hidden Markov model to recognize spoken

words and was one of the first speech recognition systems to achieve high accuracy.



In the 1980s and 1990s, there was a growing interest in machine learning approaches to
speech processing. One of the early machine learning models was the backpropagation
algorithm, which was used to train neural networks to recognize speech. Neural net-
works are a type of machine learning algorithm that are modeled after the structure of

the human brain.

In recent years, deep learning models have been applied to speech processing with great
success. One of the most successful deep learning models is the convolutional neural
network (CNN), which was first used for speech recognition by Sainath et al. in 2013.
CNNs are a type of neural network that are designed to process data with a grid-like

structure, such as images or spectrograms (which are representations of sound waves).

Another popular deep learning model for speech processing is the recurrent neural net-
work (RNN), which is designed to process sequences of data, such as time series data
or natural language sentences. RNNs are able to capture temporal dependencies in data,
which makes them well-suited for tasks such as speech recognition and speech synthe-

sis.

The history of speech synthesis can be traced back to the early 20th century, when
researchers first began to investigate the use of electrical signals to generate speech
sounds. In the 1930s, Homer Dudley developed the first speech synthesis machine,
known as the Voder. The Voder was able to synthesize human-like speech sounds by

using a series of filters to manipulate electrical signals.

In the 1950s and 1960s, researchers began to develop more sophisticated speech syn-
thesis systems that could generate entire words and sentences. One of the early systems
was the Pattern Playback, which was developed at Bell Labs in the 1950s. The Pattern
Playback used a series of tape loops to generate different speech sounds and was one of

the first speech synthesis systems to be used for practical applications.

In the 1970s and 1980s, there was a growing interest in formant synthesis, which is a
type of speech synthesis that uses a set of parameters, known as formants, to generate
speech sounds. One of the early formant synthesis systems was the Klatt synthesizer,
which was developed by Dennis Klatt in the 1970s. The Klatt synthesizer used a set of

rules to generate speech sounds based on the formant parameters.



In recent years, deep learning models have been applied to speech synthesis with great
success. One of the most successful deep learning models is the WaveNet model, which
was introduced by DeepMind in 2016. The WaveNet model is a type of generative
model that uses autoregressive modeling to generate speech waveforms. Autoregressive
modeling is a statistical modeling technique that is used to predict a future value based
on past values. In the case of speech synthesis, the WaveNet model uses autoregressive

modeling to predict the next sample in a speech waveform given the previous samples.

The WaveNet model has been shown to produce high-quality, natural-sounding speech,
and has been used in a variety of applications, including text-to-speech systems, virtual
assistants, and interactive voice response (IVR) systems. Other different models that

uses neural vocoders are Azure Speech Services, HifiNet etc.

2.2. Related Work
2.2.1. Beautiful AI

There are several other platforms that use NLP and Al to generate presentations or slides
from text. One such platform is Beautiful. Al, which uses natural language processing
algorithms to analyze the text and generate a visually appealing slide deck. The plat-
form allows users to choose from a variety of templates and design elements to create a

professional-looking presentation.

2.2.2. Zuru

Another platform that uses NLP and Al to generate presentations is Zuru, which is
designed specifically for sales and marketing teams. Zuru uses Al to analyze the text
and generate a presentation that is tailored to the target audience. The platform also
includes features such as audience analytics and performance tracking to help users

optimize their presentations for maximum impact.

2.2.3. Lumen5

Other such platform is LumenS5, which allows users to turn written content into engag-
ing videos using a closed-end Al engine. The platform uses natural language processing

NLP algorithms to analyze the text and generate visuals that match the content. Lumen5



has been successful in creating high-quality videos quickly and efficiently, making it a

popular choice for content creators.

2.2.4. SlidesAl

Another platform that is similar to our proposed architecture is SlidesAl, which uses
language models to break down sentences and match them with relevant slides. Slide-
sAl relies on Al to analyze the content and select the most appropriate visuals to accom-
pany the text. The platform has been successful in generating engaging and informative

presentations in a short amount of time.

Another area of development is the use of machine learning algorithms to analyze the
performance of slides and presentations, and provide feedback to users on how to opti-
mize their content for maximum impact. This could include recommendations on things

like slide design, messaging, and pacing.



3. THEORITICAL BACKGROUND

3.1. Neural Networks

Neural networks [3]] are a type of machine learning algorithm that is modeled after the
structure and function of the human brain. They are widely used in a variety of fields,
including computer vision, natural language processing, and speech recognition. In this
article, we will discuss neural networks in depth, including their history, architecture,

training methods, and applications.

3.1.1. Architecture

Input layer | Hidden layers i Output layer
i h, h, h 0

N
P

oK g Tl

Figure 3.1: Neural Network

Image Source: Designing Neural Networks, Towards Data Science

A neural network consists of a series of connected layers of nodes, also known as neu-
rons. Each neuron takes in inputs, processes them, and produces an output, which is
passed on to the next layer of neurons. The layers in a neural network can be divided

into three main types: input layers, hidden layers, and output layers.

The input layer is the first layer of neurons in a neural network, and it takes in the input

data. The input data can be in the form of images, text, or numerical data. The input

9



layer does not perform any calculations; it simply passes the input data on to the first

hidden layer.

The hidden layers are the layers in between the input layer and the output layer. The
number of hidden layers and the number of neurons in each hidden layer can vary
depending on the complexity of the problem being solved. The neurons in the hidden
layers perform calculations on the inputs they receive, and they pass their outputs on to

the next layer of neurons.

The output layer is the final layer of neurons in a neural network, and it produces the
output of the network. The output can be in the form of a classification (e.g., is this

image a cat or a dog?) or a regression (e.g., what is the predicted price of this house?).

3.1.2. Training Methods

Neural networks are trained using a process called backpropagation, which involves
adjusting the weights of the connections between neurons in the network. The goal
of training a neural network is to adjust the weights in such a way that the network

produces the correct output for a given input.

During training, the network is presented with a set of input/output pairs, also known
as training examples. The network processes each input and produces an output, and
the difference between the output and the desired output is calculated. This difference

is known as the error, and it is used to adjust the weights in the network.

The optimization process can be done using a variety of techniques, including stochastic
gradient descent (SGD), which updates the parameters based on the gradient computed
for a random subset of the training data, and its variants such as Adam, Adagrad, and
RMSprop. These optimization algorithms help the network to converge faster and avoid

getting stuck in local minima.

3.1.3. Types

There are several types of neural networks, each designed for specific tasks and with

different architectures. Some of the commonly used neural network types are:

» Feedforward Neural Networks: These networks are the simplest type of neural

10



networks, consisting of a single input layer, one or more hidden layers, and an
output layer. Each layer is composed of neurons that receive input from the pre-
vious layer and pass their output to the next layer, with no feedback connections.
Feedforward neural networks are typically used for classification and regression

tasks.

Convolutional Neural Networks (CNNs): These networks are designed for pro-
cessing data that has a grid-like structure, such as images or time series data.
CNNs use a set of filters to extract features from the input data, and the out-
put of each filter is passed through a non-linear activation function. CNNs are
commonly used for image recognition, object detection, and natural language

processing tasks.

Recurrent Neural Networks (RNNs): These networks are designed for processing
sequential data, such as time series or text. RNNs have feedback connections
that allow the network to maintain an internal state and process inputs in a time-
dependent manner. RNNs are commonly used for language modeling, speech

recognition, and machine translation tasks.

Long Short-Term Memory (LSTM) Networks: These networks are a type of RNN
that can better handle long-term dependencies in sequential data. LSTMs use a
memory cell that can selectively retain or forget information over time, allowing
the network to remember important features of the input data for longer periods.
LSTMs are commonly used for speech recognition, handwriting recognition, and

language translation tasks.

3.2. Transformers

Transformers are a type of neural network architecture that was introduced in 2017 by

Vaswani et al[6]]. in the paper "Attention Is All You Need". Transformers have become

a popular architecture in natural language processing (NLP) tasks, such as machine

translation, text generation, and language understanding, due to their ability to han-

dle long-range dependencies and parallel processing. Due to transformers many large

language models are into existence [7]].

The transformer architecture is based on a self-attention mechanism that allows the

11



model to selectively attend to different parts of the input sequence, based on their rel-
evance to the current context. This makes transformers more efficient and effective in
modeling long-range dependencies than recurrent neural networks (RNNs), which can

suffer from vanishing or exploding gradients.

t

( Feed Forward )

4

( Feed Forward J ( Encoder-Decoder Attention J
F3 — 7 Y
( Self-Attention ( Self-Attention

Figure 3.2: Transformer Component Architecture

Image Source: Illustrated Transformer, Jay Alamar

3.2.1. Architecture

The transformer architecture consists of two main components: the encoder and the

decoder. Let’s take a closer look at each of these components.

3.2.1.1 Encoder

The encoder is responsible for processing the input sequence and producing a sequence
of hidden states that capture the semantic and syntactic information of the input. The
encoder consists of a stack of N identical layers, each of which performs two main

operations: self-attention and feedforward neural networks.

* Self-Attention: The self-attention mechanism is the core of the transformer ar-
chitecture. It allows the model to selectively attend to different parts of the input
sequence, based on their relevance to the current context. Self-attention computes
a weighted sum of the input sequence, where the weights are learned during train-

ing.

In the self-attention operation, each input element is transformed into three vec-
tors: the query vector, the key vector, and the value vector. These vectors are com-

puted using learned linear transformations of the input, which are shared across

12



all positions in the sequence. The query vector represents the current position,
while the key vectors represent all other positions. The value vectors represent

the information that the model should attend to.

The weights for each position are computed by taking the dot product of the query
vector with all the key vectors, scaled by the square root of the dimensionality of
the key vectors. This dot product yields a scalar score, which is then passed
through a softmax function to obtain a probability distribution over all positions
in the sequence. The value vectors are then weighted by these probabilities and

summed to obtain the output of the self-attention operation.

The self-attention operation is performed multiple times in parallel, with different
learned weights, allowing the model to attend to different aspects of the input

sequence at each layer.

13
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Figure 3.3: Self Attention Mechanism

Image Source: Illustrated Transformer, Jay Alamar

* Feedforward Neural Networks: After the self-attention operation, the encoder
applies a feedforward neural network to each position in the sequence indepen-
dently. The feedforward network consists of two linear transformations separated
by a non-linear activation function, such as the Rectified Linear Unit (ReLU). The
output of the feedforward network is then added to the output of the self-attention

operation, using a residual connection, and normalized using layer normalization.
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3.2.1.2 Decoder

The decoder is responsible for generating the output sequence, given the hidden states
produced by the encoder and a target sequence. The decoder consists of a stack of N
identical layers, each of which performs three main operations: self-attention, encoder-

decoder attention, and feedforward neural networks.

* Self-Attention: The self-attention mechanism in the decoder is similar to the one
used in the encoder, except that it is masked to prevent the model from attending
to future positions in the output sequence. This ensures that the model only has
access to the previously generated tokens when generating the next token in the

sequence.

* |Encoder-Decoder Attention: In addition to the self-attention operation, the de-
coder also applies an encoder-decoder attention operation to the hidden states

produced by the encoder.
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3.2.2. Training Process

The training process of the Transformer architecture involves optimizing a loss function
that measures the discrepancy between the predicted output sequence and the ground
truth sequence. This loss function is typically the cross-entropy loss, which measures
the difference between the predicted probability distribution over the output vocabulary

and the true distribution.

The training process of the Transformer architecture can be divided into two phases:
pre-training and fine-tuning. In the pre-training phase, the model is trained on a large
corpus of text data using an unsupervised learning objective, such as language modeling
or masked language modeling. The pre-training objective is designed to encourage the
model to learn useful representations of the input sequence, which can then be fine-

tuned on downstream tasks.

In the fine-tuning phase, the pre-trained model is further trained on a specific down-
stream task using supervised learning. The fine-tuning process involves replacing the
final layer(s) of the model with task-specific layers and optimizing the model parame-

ters to minimize the task-specific loss.

3.3. Language Models

Language models[/] are an essential part of natural language processing (NLP) that
have revolutionized the field in recent years. A language model is a type of artificial in-
telligence that can analyze, understand, and generate human language. It is a statistical
model that learns the patterns and rules of a language by processing large amounts of
text data. The model then uses this knowledge to make predictions about the probability

of various sequences of words, given a specific context.

Language models are used for a wide range of tasks, including speech recognition,
machine translation, question-answering systems, chatbots, and many others. They are
essential for developing intelligent systems that can communicate with humans in a

natural way.

There are two types of language models: statistical and neural. Statistical language

models use traditional machine learning algorithms to identify patterns in language data.
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They analyze the frequency of words and their relationships to each other to generate
probability distributions that can be used to predict the likelihood of different sequences
of words. These models are based on n-gram models, which are sequences of n words

that are used to predict the next word in a sentence.

On the other hand, neural language models use deep learning algorithms to learn the
patterns and rules of a language. They are based on artificial neural networks that
are trained on large amounts of text data. Neural language models have become in-
creasingly popular in recent years, as they can generate more accurate predictions than

statistical models.

Neural language models use a type of neural network called a recurrent neural network
(RNN). An RNN is a type of neural network that has a feedback loop, which allows it
to store information from previous inputs. This feedback loop makes RNNs well-suited

for modeling sequential data, such as language.
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Figure 3.6: Recurrent Neural Network

Image Source: Analytics Vidya RNN

The most popular type of neural language model is the transformer model, which was
introduced in a paper by Vaswani et al. in 2017. The transformer model is based
on a self-attention mechanism that allows it to attend to different parts of a sentence,
depending on the context. This mechanism allows the model to generate more accurate

predictions than previous models.

Language models are trained on large amounts of text data, typically using a process
called unsupervised learning. During training, the model is presented with a large cor-

pus of text data and learns to predict the probability of the next word in a sentence
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given the previous words. The model is optimized to minimize the difference between

its predicted probability and the actual probability of the next word.

The quality of a language model is determined by its ability to generate coherent and
grammatically correct sentences. To evaluate the performance of a language model, re-
searchers typically use metrics such as perplexity, which measures how well the model

can predict the next word in a sentence.

One of the main challenges in developing language models is the problem of bias.
Language models can learn biases from the text data they are trained on, which can
lead to biased predictions. For example, a language model trained on text data that
contains gender stereotypes may generate biased predictions when asked to complete a

sentence about a person of a certain gender.

To address this problem, researchers have developed techniques such as debiasing,
which involves removing biased language from the training data, and fine-tuning, which
involves re-training the model on a smaller dataset that has been manually labeled to

remove biases.

Another challenge in developing language models is the problem of language under-
standing. While language models are good at generating coherent sentences, they may
not understand the meaning behind the words they are generating. This can lead to

nonsensical or inappropriate responses in conversational systems.

To address this problem, researchers have developed techniques such as pre-training and
transfer learning. Pre-training involves training a language model on a large amount of
text data before fine-tuning it on a specific task. Transfer learning involves using a pre-
trained language model as a foundation and performing a downstream task by finetuning

the model.

3.4. BART Model

BART, or Bidirectional and Auto-Regressive Transformer, is a state-of-the-art neural
network model for text generation and natural language processing tasks. It was intro-
duced by Google Al Language and Facebook Al in 2019.BART is a transformer-based

neural network architecture that is capable of generating high-quality text in a variety of
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natural language processing (NLP) tasks. The BART model was specifically designed
to overcome some of the limitations of existing pre-trained language models such as

BERT, GPT-2, and XLNet.

BART is a combination of two popular neural network architectures: transformers
and sequence-to-sequence models. The transformer architecture [6] was introduced
by Vaswani et al. in 2017, and is known for its ability to model long-term dependen-
cies in sequential data. The sequence-to-sequence model was introduced by Sutskever
et al. in 2014 [8]], and is commonly used for tasks such as machine translation, text
summarization, and question answering. BART training objective is to reconstruct the
original input text, given a corrupted or incomplete version of the text. This training
approach is known as denoising auto-encoding, and it allows the model to learn a deep

understanding of the underlying structure of the text.

The BART model is a variant of the Transformer architecture that was specifically de-
signed for language generation tasks such as summarization, paraphrasing, and text
generation. The model consists of an encoder-decoder architecture, where the encoder
encodes the input text and the decoder generates the output text. The encoder and de-

coder both consist of multiple layers of self-attention and feed-forward neural networks.

The BART model is unique in that it combines two types of training objectives: bidi-
rectional and auto-regressive. The bidirectional objective involves training the model to
predict missing tokens in a sentence by looking at both the left and right context. The
auto-regressive objective involves training the model to generate the next token in a se-
quence based on the previous tokens. By combining these two objectives, the BART
model is able to generate high-quality natural language text that is both coherent and

informative.

The BART model consists of two parts: an encoder and a decoder. The encoder takes
as input a sequence of tokens and encodes it into a sequence of hidden states. The
decoder takes as input the encoded sequence and generates a new sequence of tokens.
The encoder and decoder are trained together in a denoising autoencoder framework,
where the model is trained to reconstruct the original sequence from a corrupted version

of the sequence.
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Figure 3.7: BART Architecture

Image Source: Project Pro, Transformers BART Model Explained for Text Summariza-

tion

One of the key advantages of the BART model is its ability to generate high-quality
summaries of long documents. The model is able to capture the key information in the
document and generate a concise summary that accurately reflects the content of the

document.

Another advantage of the BART model is its ability to generate high-quality paraphrases
of input text. The model is able to generate multiple different paraphrases of a given
sentence, which can be useful in applications such as data augmentation and text sim-

plification.

The BART model is trained on a large corpus of text data using a variant of the denoising
autoencoder (DAE) framework. The training procedure consists of two main stages:

pre-training and fine-tuning.
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* During the pre-training stage, the BART model is trained on a large corpus of
text data using an unsupervised training procedure. The goal of pre-training is to
learn general-purpose language representations that can be used for a wide range
of downstream NLP tasks. The pre-training procedure involves corrupting the
input text by randomly masking tokens, shuffling them, and replacing them with
random tokens. The model is then trained to reconstruct the original text from the

corrupted version of the text.

* During the fine-tuning stage, the BART model is fine-tuned on a specific NLP
task using a supervised training procedure. The fine-tuning procedure involves
training the model on a smaller labeled dataset that is specific to the task at hand.
The fine-tuning procedure allows the BART model to adapt its language repre-
sentations to the specific requirements of the task and achieve state-of-the-art

performance on the task.

BART was trained as a denoising autoencoder, so the training data includes “corrupted”
or “noisy” text, which would be mapped to clean or original text. The training format is
similar to the training of any denoising autoencoder. Just how in computer vision, we
train autoencoders to remove noise or improve the quality of an image by having noisy

images in the training data mapped with clean, original images as the target.
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So, what exactly counts as noise for text data? The authors of BART settle on using
some existing and some new noising techniques for pretraining. The noising schemes
they use are Token Masking, Token Deletion, Text Infilling, Sentence Permutation, and

Document Rotation. Looking into each of these transformations:

* Token Masking: Random tokens in a sentence are replaced with [MASK]. The

model learns how to predict the single token based on the rest of the sequence.

* Token Deletion: Random tokens are deleted. The model must learn to predict the

token content and find the position where the token was deleted from.

» Text Infilling: A fixed number of contiguous tokens are deleted and replaced with
a single [MASK] token. The model must learn the content of the missing tokens

and the number of tokens.

» Sentence Permutation: Sentences (separated by full stops) are permuted ran-

domly. This helps the model to learn the logical entailment of sentences.

* Document Rotation: The document is rearranged to start with a random token.
The content before the token is appended at the end of the document. This gives
insights into how the document is typically arranged and how the beginning or

ending of a document looks like..

(AC._E.) (DE.ABC.) (c.DE.AB)

Token Masking  Sentence Permutation Document Rotation

O
(ac.E. )y (aBc.DE.) <O (A_.D_E.)

Token Deletion Text Infilling

Figure 3.9: BART Steps

Image Source: BART white paper

However, not all transformations are employed in training the final BART model. Based
on a comparative study of pre-training objectives, the authors use only text infilling and
sentence permutation transformations, with about 30 percent of tokens being masked

and all sentences permuted.
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The BART model has been trained on a variety of large-scale text datasets, including the
BookCorpus and English Wikipedia datasets. The model has also been fine-tuned on
specific tasks such as summarization and question answering, achieving state-of-the-art

performance on these tasks.

These transformations are applied to 160GB of text from the English Wikipedia and
BookCorpus dataset. With this dataset, the vocabulary size is around 29000, and the

maximum length of the sequences is 512 characters in the clean data.

The BART model has been applied to a wide range of NLP tasks, including text genera-
tion, summarization, question-answering, machine translation, and dialogue generation.
The BART model has achieved state-of-the-art performance on many of these tasks,
demonstrating the effectiveness of the model in capturing complex linguistic patterns

and generating high-quality text.

One of the most notable applications of the BART model is in text summarization. The
BART model has been shown to outperform other state-of-the-art models in abstractive
summarization, which involves generating a summary that captures the key ideas and
themes of a given text. BART has also been applied to other types of summarization

tasks, such as multi-document summarization and summarization of long documents.

The BART model has also been applied to machine translation tasks, where it has
achieved state-of-the-art performance in several languages. BART has been shown to

be particularly effective in low-resource settings, where training data is scarce.

Another application of the BART model is in question-answering, where it has been
used to generate answers to natural language questions. BART has also been applied
to dialogue generation tasks, where it has been used to generate natural and engaging
dialogue between humans and machines. The whole architecture can be briefly divided

and explained into two parts bidirectional encoder and a left-to-right decoder:

3.4.1. Bidirectional encoder

The BART model is a pre-trained transformer-based neural network architecture that
is capable of generating high-quality text in a variety of NLP tasks. The BART model

consists of an encoder and a decoder, both of which contain multiple layers of self-
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attention and feed-forward neural networks. One of the most important components
of the BART model is its bidirectional encoder, which allows the model to capture

contextual information from both the left and the right of the input sequence.

Bidirectional encoding is a technique used in NLP to capture contextual information
from both the left and the right of the input sequence. In traditional language models,
such as the ones based on Markov chains or Hidden Markov Models (HMMs), the
probability of the current word is based only on the previous words in the sequence.
However, in natural language, the meaning of a word is often dependent on the words

that come before and after it.

Bidirectional encoding addresses this problem by processing the input sequence in two
directions: from left to right and from right to left. This allows the model to capture
contextual information from both directions and incorporate it into the representation of
each word. Bidirectional encoding has been shown to be effective in a variety of NLP

tasks, including language modeling, machine translation, and named entity recognition.

The BART model uses a bidirectional encoder to capture contextual information from
both directions of the input sequence. The encoder consists of multiple layers of self-
attention and feed-forward neural networks. The self-attention mechanism allows the
model to attend to different parts of the input sequence at different levels of granularity,
while the feed-forward neural networks provide non-linear transformations of the input

sequence.

In the BART model, the bidirectional encoder consists of a stack of N identical layers.
Each layer has two sub-layers: a self-attention sub-layer and a feed-forward sub-layer.
The self-attention sub-layer allows the model to capture contextual information from
both directions by attending to the input sequence in a bidirectional manner. The feed-
forward sub-layer applies a non-linear transformation to the output of the self-attention

sub-layer.

The output of each layer in the bidirectional encoder is a sequence of hidden states,
which are fed into the next layer. The final hidden states of the bidirectional encoder
are used as input to the decoder, which generates the output sequence. The bidirectional

encoder in the BART model allows the model to capture contextual information from
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both the left and the right of the input sequence, which is critical for many NLP tasks.

The first part of BART uses the bi-directional encoder of BERT to find the best repre-
sentation of its input sequence. For every text sequence in its input, the BERT encoder
outputs an embedding vector for each token in the sequence as well as an additional
vector containing sentence-level information. In this way, the decoder can learn for
both token and sentence-level tasks making it a robust starting point for any future
fine-tuning tasks. The pre-training is done using the masked sequences as discussed

previously and shown below.
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Figure 3.10: Encoder architecutre

Image Source: Article on Pseudocode Generation from Source Code Using the BART

Model

Since the BART encoder is bidirectional, it processes the input sequence in both direc-
tions. This is achieved by having two separate stacks of self-attention layers: one that
processes the input sequence from left to right, and another that processes it from right
to left. The outputs of the two stacks are concatenated to form the final output of the

encoder.

Each self-attention layer in the BART encoder has three sub-layers: multi-head atten-
tion, layer normalization, and feed-forward. In the multi-head attention sub-layer, the
input sequence is mapped to queries, keys, and values, which are used to compute

an attention distribution over the input sequence. The attention distribution is used to

26



weight the values and produce a context vector, which is then concatenated with the in-
put sequence and passed through a feed-forward network. The feed-forward sub-layer

consists of two linear transformations with a ReLLU activation in between.

The layer normalization sub-layer is applied after each of the other sub-layers. It nor-
malizes the output of the sub-layer with respect to its mean and standard deviation

across the hidden dimension.

The BART encoder also includes positional embeddings, which are added to the input
embeddings to provide information about the position of each token in the sequence.
The positional embeddings are learned during training, and are added to the input em-

beddings before being passed through the self-attention layers.

During fine-tuning, the BART model is typically trained using a combination of su-
pervised and unsupervised learning. In supervised learning, the model is trained to
minimize a task-specific loss function, such as cross-entropy loss for text classification.
In unsupervised learning, the model is trained to reconstruct the input sequence from a

corrupted version of itself, such as a sequence with randomly masked tokens.

Bidirectional encoding has several benefits for NLP tasks. One of the main benefits is
the ability to capture contextual information from both directions of the input sequence.
This allows the model to incorporate information about the past and the future of the
input sequence into its representation of each word. This can be particularly useful in
tasks such as language modeling, where the model needs to predict the next word in a

sequence based on the context.

Another benefit of bidirectional encoding is its ability to capture long-term dependen-
cies in the input sequence. In traditional language models, the probability of the current
word is based only on the previous words in the sequence. However, in natural lan-
guage, the meaning of a word is often dependent on the words that come before and
after it. Bidirectional encoding allows the model to capture long-term dependencies by
incorporating information about the future of the input sequence into its representation

of each word.

Bidirectional encoding also helps to improve the quality of the output generated by the

model. By capturing more contextual information from both directions of the input se-
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quence, the model can produce more accurate and coherent output. This is particularly
important in tasks such as machine translation, where the model needs to generate a

translation that is faithful to the original input and sounds natural in the target language.

Another benefit of bidirectional encoding is its ability to handle variable-length input
sequences. In natural language, the length of the input sequence can vary depending
on the context. Bidirectional encoding allows the model to handle variable-length input
sequences by processing the input sequence in both directions and generating a repre-

sentation that takes into account the entire input sequence.

Although bidirectional encoding has several benefits for NLP tasks, it also poses sev-
eral challenges. One of the main challenges is the increased computational complexity
of bidirectional processing. Processing the input sequence in both directions requires
twice as much computation as processing it in only one direction. This can make the

training and inference of bidirectional models slower and more resource-intensive.

Another challenge of bidirectional encoding is the potential for overfitting to the train-
ing data. Bidirectional models have the ability to capture more complex patterns in the
input sequence, which can lead to overfitting if the training data is not representative
of the test data. This can result in poor generalization performance and reduced model

robustness.

The bidirectional encoder is a critical component of the BART model that allows the
model to capture contextual information from both directions of the input sequence.
Bidirectional encoding has several benefits for NLP tasks, including the ability to cap-
ture long-term dependencies, handle variable-length input sequences, and produce more

accurate and coherent output.

3.4.2. Decoder

The decoder is an essential component of the BART model that is responsible for gen-
erating the output sequence from the encoded input sequence. The decoder uses an
autoregressive approach to generate the output sequence, where each token is generated

based on the previous tokens in the sequence.

The decoder in the BART model is composed of a stack of transformer layers similar to
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the encoder. Each transformer layer in the decoder has two sub-layers: a masked multi-
head attention layer and a feedforward neural network layer. The masked multi-head
attention layer takes as input the output of the previous layer and a mask that prevents
the decoder from attending to future tokens in the output sequence. The feedforward
neural network layer takes as input the output of the masked multi-head attention layer

and produces a new representation of the output sequence.

The decoder also includes a positional embedding layer that encodes the position of
each token in the output sequence. The positional embedding layer is added to the input
of each transformer layer to allow the model to capture the order of the tokens in the

output sequence.

Finally, the decoder includes a linear layer and a softmax layer that converts the output
of the last transformer layer into a probability distribution over the vocabulary of pos-
sible output tokens. The token with the highest probability is selected as the next token

in the output sequence.

The working of the decoder can be divided into two phases: training and inference.
During the training phase, the decoder is trained to generate the correct output sequence
given the input sequence. The training process involves minimizing a loss function that
measures the difference between the generated output sequence and the ground truth

output sequence.

During the inference phase, the decoder is used to generate the output sequence given a
new input sequence. The inference process involves feeding the input sequence through
the encoder to obtain the encoded representation of the input sequence. The encoded
representation is then fed into the decoder along with a start token that indicates the

beginning of the output sequence.

The decoder generates the output sequence token-by-token using an autoregressive ap-
proach. At each step, the decoder attends to the encoded input sequence using the
masked multi-head attention layer and produces a new representation of the output se-
quence using the feedforward neural network layer. The output of the last transformer
layer is passed through the linear and softmax layers to obtain a probability distribution

over the possible output tokens. The token with the highest probability is selected as the
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next token in the output sequence, and the process is repeated until an end-of-sequence

token is generated or a maximum sequence length is reached.

After we get the token and sentence-level representation of an input text sequence, a
decoder needs to interpret these to map with the output target. However, by using a
similarly designed decoder, tasks such as next sentence prediction or token prediction
might perform poorly since the model relies on a more comprehensive input prompt. In
these cases, we need model architectures that can be trained on generating the next word
by only looking at the previous words in the sequence. Hence, a causal or autoregressive

model that looks only at the past data to predict the future comes in handy.
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Figure 3.11: Decoder architecutre

Image Source: Pseudocode Generation from Source Code Using the BART Model

The BART decoder is based on the transformer decoder architecture, which is a stack of
transformer decoder layers. Each transformer decoder layer has two sub-layers, namely
the masked multi-head attention layer and the encoder-decoder attention layer, followed
by a position-wise feed-forward network. These sub-layers are connected by residual

connections, and layer normalization is applied to the outputs of each sub-layer.

The masked multi-head attention sub-layer takes the decoder input embeddings as queries,
keys, and values, and applies the masked self-attention mechanism to the queries. The
masked self-attention mechanism prevents the decoder from attending to future posi-
tions in the target sequence during training. During decoding, the decoder input em-

beddings are replaced with the tokens generated by the decoder in the previous time
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steps.

The encoder-decoder attention sub-layer takes the output of the masked multi-head at-
tention sub-layer and the output of the encoder as queries and keys, respectively, and
generates the attention distribution over the encoder outputs. This sub-layer allows the
decoder to attend to the relevant parts of the input sequence while generating the sum-

mary or continuation.

The position-wise feed-forward network applies a linear transformation followed by a
non-linear activation function, such as ReLU, to each position in the sequence indepen-
dently. This sub-layer introduces non-linearity to the model and helps capture complex

relationships between the input and output sequences.

In the BART decoder, the decoder input embeddings are first passed through an em-
bedding layer, which maps the input tokens to continuous vectors of a fixed dimension.
These embeddings are then passed through the stack of transformer decoder layers,
which generate the output sequence token by token. During training, the decoder is
optimized to minimize the negative log-likelihood of the target sequence given the in-
put sequence. During decoding, the tokens with the highest probabilities are selected at

each time step.

The decoder in the BART model has several benefits for NLP tasks. One of the main
benefits is its ability to generate output sequences that are coherent and semantically
meaningful. The decoder uses the encoded representation of the input sequence to gen-
erate the output sequence, which allows it to capture the context of the input sequence

and produce output that is consistent with the input.

Another benefit of the decoder is its ability to handle variable-length output sequences.
The autoregressive approach used by the decoder allows it to generate output sequences
of arbitrary length, which is important for tasks such as text generation and machine

translation where the length of the output sequence can vary depending on the input.

Finally, the decoder also allows the model to learn from the generated output sequence
during training. This is achieved using a technique called teacher forcing, where the
ground truth output sequence is used as input to the decoder during training instead of

the generated output sequence. This allows the model to learn from the correct output
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sequence and helps to prevent the model from generating incorrect output sequences.

The decoder is an essential component of the BART model that is responsible for gen-
erating the output sequence from the encoded input sequence. It uses a stack of trans-
former layers, each with a masked multi-head attention layer and a feedforward neu-
ral network layer, to generate the output sequence token-by-token in an autoregressive
manner. The decoder benefits from its ability to generate coherent and semantically
meaningful output sequences, handle variable-length output sequences, and learn from

the generated output sequence during training using teacher forcing.

The decoder is a key component of the BART model that has shown impressive re-
sults on a range of NLP tasks. Its ability to generate high-quality output sequences and
handle variable-length sequences makes it well-suited for tasks such as text generation,
machine translation, and summarization. The decoder’s autoregressive approach also
allows it to capture the context of the input sequence and generate output that is consis-
tent with the input. Overall, the decoder plays a critical role in the BART model and its

success in many NLP applications.

3.5. K Medoids Clustering Algorithm

K Medoids clustering algorithm [9] is a partition-based clustering algorithm that aims
to divide a set of data points into K number of clusters. The algorithm utilizes a concept
called "medoids" which are the most representative data points of a cluster. Unlike
other clustering algorithms, the K Medoids algorithm does not use the mean values of
the data points in a cluster, but rather chooses a data point as the medoid that is closest

to the center of the cluster.

K-medoids is a clustering algorithm that is widely used in data mining, pattern recog-
nition, and machine learning. It is a variant of the K-means algorithm that can handle

non-numeric data and is robust to noise and outliers.

Clustering is the process of dividing a set of data points into groups, or clusters, based
on the similarity of the data points. The goal of clustering is to group similar data points
together and to separate dissimilar data points. Clustering algorithms are widely used in
data analysis, machine learning, and pattern recognition. One such clustering algorithm

is K-medoids.
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K-medoids is a partitioning clustering algorithm that partitions a set of n data points
into k clusters. The algorithm minimizes the sum of dissimilarities between each data
point and its assigned cluster medoid, where a medoid is a representative point of a
cluster. The dissimilarity measure used can be any metric such as Euclidean distance,

Manhattan distance, or cosine similarity.

The algorithm proceeds as follows:
* Initialize k medoids randomly from the data points.
» Assign each data point to the nearest medoid.

* For each cluster, compute the sum of dissimilarities between the medoid and all

other data points in the cluster.

* For each medoid, swap it with each non-medoid data point in its cluster and
compute the total sum of dissimilarities. If the sum of dissimilarities is lower

than the current medoid, swap the medoid with the non-medoid data point.
* Repeat steps 2-4 until convergence.

The algorithm terminates when the medoids do not change between iterations or a maxi-
mum number of iterations is reached. The K-medoids algorithm is a simple and efficient
algorithm that can handle non-numeric data and is robust to noise and outliers. The al-
gorithm works by iteratively assigning data points to the nearest medoid and updating
the medoids based on the total sum of dissimilarities. The algorithm converges when
the medoids do not change between iterations or a maximum number of iterations is

reached.

The K-medoids algorithm has several advantages over other clustering algorithms such
as K-means. One advantage is its ability to handle non-numeric data, such as text,
categorical data, or images. Another advantage is its robustness to noise and outliers,
as the algorithm uses the medoids to represent the cluster instead of the mean, which
is sensitive to outliers. Additionally, the algorithm can handle a large number of data

points and is computationally efficient.
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Figure 3.12: KMeans vs KMediods

Image Source: Kmedidos Clustering, Springer Link

Although K-medoids is a powerful clustering algorithm, it has some limitations. One
limitation is its sensitivity to the initial medoids, as the algorithm can converge to a
suboptimal solution if the initial medoids are not chosen carefully. Another limitation
is its requirement for a fixed number of clusters, which may not be known beforehand.
Finally, the algorithm may converge to a local minimum, which may not be the global

optimum.

K-medoids is a versatile algorithm that has several applications in data mining, pattern
recognition, and machine learning. One application is in image segmentation, where
the algorithm is used to group similar pixels together based on their color or texture.
Another application is in text clustering, where the algorithm is used to group similar
documents based on their content or keywords. The algorithm is also used in customer
segmentation, where it is used to group customers based on their purchasing behavior

or demographic information.

In conclusion, K-medoids is a clustering algorithm that is widely used in data mining,
pattern recognition, and machine learning. It is a variant of the K-means algorithm
that can handle non-numeric data and is robust to noise and outliers. The algorithm
partitions a set of n data points into k clusters by minimizing the sum of dissimilarities

between each data point and its assigned cluster medoid.

K-medoids has several advantages over other clustering algorithms such as K-means,
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including its ability to handle non-numeric data, robustness to noise and outliers, and
computational efficiency. However, the algorithm has some limitations such as sensi-
tivity to initial medoids, requirement for a fixed number of clusters, and convergence to

a local minimum.

The algorithm has several applications in image segmentation, text clustering, and cus-
tomer segmentation. K-medoids is a versatile algorithm that can be applied to a wide

range of data mining and machine learning problems.

3.6. KNN Algorithm

The K-nearest neighbors (KNN) algorithm [10] is a popular and effective machine
learning algorithm for classification and regression problems. It is a non-parametric
algorithm that works by identifying the K nearest neighbors to a given data point and

making a prediction based on their classification or regression values.

Machine learning is an area of computer science that aims to develop algorithms that
can learn from data and make predictions or decisions based on that data. One popular
type of machine learning algorithm is the K-nearest neighbors (KNN) algorithm. KNN
is a simple and intuitive algorithm that can be used for both classification and regression
problems. The basic idea behind KNN is to find the K nearest neighbors to a given data
point and make a prediction based on their values. In this report, we will describe the

principles, methods, and applications of the KNN algorithm.

The KNN algorithm is based on the principle that similar data points tend to be close to
each other in the feature space. The feature space is a mathematical space in which each
data point is represented by a set of features or attributes. The KNN algorithm works by
calculating the distance between each data point and its nearest neighbors in the feature
space. The distance measure used can vary depending on the nature of the problem and
the type of data being used. Some common distance measures used in KNN include

Euclidean distance, Manhattan distance, and Minkowski distance.

Once the distances between each data point and its neighbors have been calculated, the
algorithm selects the K nearest neighbors to the given data point. The value of K is
a hyperparameter that must be specified before the algorithm is run. The choice of K

can have a significant impact on the performance of the algorithm. A smaller value of

35



K will lead to a more flexible model that is better able to capture local patterns in the
data. However, a smaller value of K may also lead to overfitting, where the model is
too complex and does not generalize well to new data. A larger value of K will lead to
a more rigid model that is less prone to overfitting but may also miss local patterns in

the data.

Once the K nearest neighbors have been identified, the algorithm makes a prediction
based on their classification or regression values. For classification problems, the most
common method is to use a majority vote, where the predicted class is the one that
occurs most frequently among the K nearest neighbors. For regression problems, the
most common method is to use a weighted average, where the predicted value is the

weighted average of the regression values of the K nearest neighbors.

The KNN algorithm can be implemented using several methods, including brute force,
KD-trees, and ball trees. The brute force method is the simplest and most straightfor-
ward method. It works by calculating the distance between each data point and every
other data point in the feature space. While this method is easy to implement, it can be
computationally expensive, especially for large datasets. The KD-tree method is a more
efficient method that works by partitioning the feature space into smaller subspaces us-
ing binary trees. Each node in the tree represents a subspace of the feature space, and
the tree is constructed recursively by partitioning each subspace into two smaller sub-
spaces. This method is more efficient than the brute force method and can be used for

datasets with up to millions of data points.

The ball tree method is another efficient method that works by partitioning the feature
space into a set of nested hyperspheres. Each node in the tree represents a hypersphere
that contains a set of data points, and the tree is constructed recursively by partitioning

each hypersphere into two smaller hyperspheres. This method is particularly

In a typical KNN algorithm, the distance between the query point and each of the data
points in the training set is calculated using a distance metric such as Euclidean distance.
The K data points that are closest to the query point are then selected, and the class label

for the query point is assigned based on the majority class of those K points.
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Figure 3.13: KNN Algorithm

Image Source: Medium, K-Nearest Neighbor(KNN) Algorithm Explained

In our project, we use the KNN algorithm to rank the sentences in each cluster and select
the most important ones for summarization. Specifically, we use the cosine similarity
metric to calculate the distance between each sentence in a cluster and a query point.
The query point is chosen as the centroid of the cluster, which is the average of all the
feature vectors of the sentences in the cluster. Then, we select the K sentences that are
closest to the centroid based on the cosine similarity score, and use them to generate a

summary for that cluster.

3.7. Neural Text-To-Speech

Text-to-speech (TTS) technology is an application of speech synthesis that allows text

to be converted into spoken language. TTS technology has been around for several
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decades and has seen significant improvements in recent years due to advancements
in neural networks and deep learning. Neural TTS, in particular, has shown impressive
results in generating natural-sounding speech that can mimic human speech patterns and
intonations. In this report, we will describe the principles, methods, and applications of

neural TTS.

Neural Text-To-Speech (NTTS) is a technology that enables computers to generate
human-like speech from written text. NTTS systems use deep neural networks to model
the mapping between text and speech, allowing for more natural and expressive syn-

thetic voices.

Speech is a fundamental means of human communication, and as such, it plays a crucial
role in many applications. For example, text-to-speech (TTS) technology can be used to
provide speech output for people with visual impairments, to generate audio books, or to
create realistic virtual assistants. However, traditional TTS systems have limitations in
terms of voice quality and expressiveness. Neural Text-To-Speech (NTTS) technology
aims to overcome these limitations by using deep neural networks to model the mapping

between text and speech.

NTTS technology is based on the principle that speech can be generated by modeling
the relationship between text and speech in a large corpus of audio recordings. This is
achieved through the use of deep neural networks, which are powerful machine learning
models that can learn complex patterns in the data. The goal of NTTS is to train a neural
network to predict the speech waveform from a given input text. The neural network
architecture used in NTTS systems typically consists of an encoder-decoder structure,
similar to that used in machine translation models. The encoder component takes as
input the text to be synthesized and encodes it into a high-dimensional vector represen-
tation, which captures the meaning and structure of the text. The decoder component

takes the encoded text as input and generates the corresponding speech waveform.

The training process for NTTS models involves optimizing the parameters of the neu-
ral network to minimize the difference between the predicted speech waveform and the
target waveform. This is done using a combination of supervised learning and data aug-
mentation techniques, such as adding noise or varying the speaking rate. The resulting

model can then be used to generate synthetic speech from new text inputs.
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There are several different methods used in NTTS research, each with its own strengths
and limitations. One approach is to use a traditional TTS system to generate a large
corpus of speech data, which can then be used to train a neural network model. This
approach has the advantage of leveraging existing TTS technology, but it can be com-

putationally expensive and may not capture all of the nuances of human speech.

Another approach is to use a speech synthesis dataset, such as the Blizzard Challenge
dataset, which is designed specifically for NTTS research. These datasets typically
contain thousands of hours of high-quality speech recordings, along with their corre-
sponding text transcripts. This approach can be more efficient than using a traditional

TTS system, but it may not generalize well to new domains or languages.

Recent advances in NTTS research have focused on improving the naturalness and ex-
pressiveness of synthetic speech. One approach is to use generative adversarial net-
works (GANSs) to generate speech, which can produce more realistic and diverse outputs
than traditional models. Another approach is to use style transfer techniques to modify
the prosodic features of speech, such as pitch and speaking rate, to make the synthetic

voice more expressive.

Neural TTS consists of three major components: the text analyzer, the neural acoustic
model, and the neural vocoder. To generate natural synthetic speech from text, text
is first input into the text analyzer, which provides output in the form of phoneme se-
quence. A phoneme is a basic unit of sound that distinguishes one word from another in
a particular language. A sequence of phonemes defines the pronunciations of the words
provided in the text. Next, the phoneme sequence goes into the neural acoustic model
to predict acoustic features that define speech signals. Acoustic features include the
timbre, the speaking style, speed, intonations, and stress patterns. Finally, the neural
vocoder converts the acoustic features into audible waves, so that synthetic speech is

generated.
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Figure 3.14: Neural TTS Pipeline

Image Source: Microsoft Azure Documentation, The basics of Custom Neural Voice

NTTS technology has a wide range of applications in various fields, including assistive
technology, entertainment, and education. One application is to provide speech output
for people with visual impairments, allowing them to access written information more
easily. Another application is to create realistic virtual assistants, which can interact
with users in a natural and intuitive way. NTTS technology can also be used to generate

synthetic voices for video games, movies, and other entertainment media.

In the field of education, NTTS technology can be used to create audio books or to
provide speech feedback for language learning applications. NTTS systems can also be
used to create synthetic voices for individuals who have lost their ability to speak due
to medical conditions, such as ALS or laryngeal cancer. Despite the recent advances
in NTTS research, there are still several challenges that need to be addressed. One
challenge is to improve the robustness of NTTS systems to different speaking styles,
accents, and languages. This requires large and diverse datasets, as well as more so-

phisticated modeling techniques.

Another challenge is to improve the naturalness and expressiveness of synthetic speech.
While NTTS systems can produce high-quality speech, there is still room for improve-
ment in terms of intonation, thythm, and other prosodic features. This requires further

research into advanced modeling techniques and the use of expressive speech corpora.

In the future, NTTS technology is expected to have a significant impact on various
industries, including entertainment, education, and healthcare. For example, synthetic
voices may be used to create more personalized and interactive virtual assistants, or to

provide speech therapy for individuals with speech disorders.
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3.8. Markdown

Markdown is a lightweight markup language that is widely used for writing documen-
tation, creating web pages, and writing content for blogs. It was developed in 2004 by
John Gruber and Aaron Swartz with the aim of providing a simple syntax for formatting
text that could be easily converted to HTML. Markdown has gained popularity over the
years, thanks to its ease of use and the fact that it can be used to create content that is

both readable and easy to understand.

The syntax of Markdown is designed to be simple and intuitive. It uses a combination
of special characters and punctuation marks to format text. For example, to create a
heading in Markdown, you simply add one or more hash symbols (#) at the beginning
of the line. The number of hash symbols you use indicates the level of the heading. For
example, one hash symbol creates a level 1 heading, two hash symbols create a level 2

heading, and so on.

Another useful feature of Markdown is its ability to create links. To create a link, you
simply surround the text you want to use as the link’s anchor text with square brackets,
and then follow it with the link URL in parentheses. For example, to create a link to
Google, you would write Google. Markdown also supports inline links, which are cre-

ated by surrounding the link text with angle brackets, like so: https://www.google.com/.

Markdown also has support for formatting text with emphasis and strong emphasis.
To create italicized text, you simply surround the text with a single asterisk (*) or an
underscore (_). To create bold text, you surround the text with two asterisks (**) or two

underscores (__).

In addition to these basic features, Markdown also supports a wide range of advanced
formatting options, such as creating tables, adding images, and creating footnotes. Ta-
bles are created by using pipes (1) and hyphens (-) to create a grid of cells. Images are
inserted using the same syntax as links, but with an exclamation mark (!) at the be-
ginning. Footnotes are created by placing a caret (") at the end of the text you want to

create the footnote for, followed by the footnote text in square brackets.

One of the great things about Markdown is that it can be easily converted to other

formats, such as HTML, PDF, or Word. This is done using a tool called a Markdown
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parser. A Markdown parser is a program that reads Markdown text and converts it into
another format. There are many different Markdown parsers available, both online and

offline, and they vary in their features and capabilities.

One popular application of Markdown is for generating presentation. It is a popular
technique for creating visually appealing and engaging presentations. By using mark-
down syntax, it becomes easy to create compelling presentations that can be displayed

on a variety of platforms.

There are several tools available for creating presentations using markdown, such as
MARP, Remark, and reveal.js. MARP is a popular markdown presentation tool that
allows users to create high-quality presentations with minimal effort. In this article, we

will discuss how to use MARP to create presentations using markdown syntax.

3.9. Video

Video is a sequence of images, also known as frames, that are shown in quick suc-
cession to create the illusion of motion. It is an important medium for entertainment,
communication, and education, and is widely used in various industries, including tele-
vision, film, advertising, and social media.

There are various ways where video might be generated or captured like filming through
input devices, making animations through graphics, combining image sequences with
audios etc.

We’ll only be discussing about the theory of generating video through combining audio
and images, as it is the process in the project’s pipeline. Some of the steps in the video

generation are :

* The first step in this process is to collect and organize the image frames that will
be used to generate the video. These images can be in various formats such as
JPEG, PNG, or BMP. It is essential to ensure that all the images are of the same

resolution and aspect ratio to avoid any distortion in the final video.

* Once the images are organized, the next step is to select an appropriate audio
track. The audio can be in various formats such as MP3, WAV, or AAC. It is
important to select an audio track that is compatible with the video format and is

of high quality.
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» After selecting the images and audio, the next step is to use a software tool to
concatenate the images and audio to generate the final video. One such popular
tool is FFMPEG. FFMPEQG is a cross-platform software that is widely used for
video manipulation and conversion. It is an open-source tool that supports various

video and audio formats.
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4. METHODOLOGY

4.1. Process Model
The AGILE process model was employed throughout the lifetime of the project.

* Planning and Research: Since this is a heavy project involving comparision and
review of different models. We had to plan and research every tech stack that will

be need to be used.

* Analysis: Requirements were selected for our project. The thorough comparision

of every tech and its alternative was done to match our requirements.

* Design: In designing phase, we initiated designing elements for the project by

considering the requirements.

* Implementation: We started working on our project, to deploy a working prod-

uct.

» Testing: The quality of the product was examined as well as the performance.

Bugs were also detected in this phase to solve.

Agile
Methodology

$
&
&

=) )

Figure 4.1: Agile Model

This process model was used for 5 iterations. In the first iteration, indepth planning and
research was done for the overall cycles of project. And then the process was carried
out. Starting from next iterations, we started from analysis phase of the process model
upto testing the product. The first two iteration were done in the first 6 months of the
conception of the project. And the last three iterations were done after the 6 months

period.
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4.2. Planning and Research

Since two primary tasks are performed in this project i.e, Summarization tasks (NLP)
and Speech Synthesis. So research on those tasks must be performed. This includes
analyzing the dataset to identify the text format and language, determining the desired
length and style of the summary, and selecting appropriate evaluation metrics. The
summarization method must also be chosen based on the specific requirements of the
task. The dataset must be preprocessed, including removing unnecessary information
and performing text normalization, and suitable summarization techniques must be ap-
plied to generate summaries that are coherent and informative.

Appropriate datasets and model should be used. Models should be chosen differently
for different techniques like Extractive or Abstractive Summarization. In this case we
have chose BART as our primary model because it can be used for both Extractive and

Abstractive Summarization.

Similarly speech synthesis planning and research includes analyzing the dataset to iden-
tify the language and quality of the audio data, determining the desired tone and style
of the synthesized speech, and selecting appropriate evaluation metrics. The synthesis
method must also be chosen based on the specific requirements of the task. The dataset
must be preprocessed, including removing unnecessary information and performing au-
dio normalization, and suitable speech synthesis techniques must be applied to generate
speech that is natural-sounding and intelligible.

However due to overwhelming and easy access to more cloud services, it is relatively
easy to use already deployed neural speech synthesis. In our case, the model we chose

was Azure Speech services after thorough planning and research.

4.3. Technological Analysis

The analysis of library, tools and technologies must be performed to perform the project
in a reliable way. Some primary libraries, tools and technologies that we have analyzed

and used as a result are:

* NumPy is a powerful numerical computing library for Python that provides effi-
cient ways to work with large multidimensional arrays and matrices. It includes

a variety of mathematical functions and operators that make it easy to perform
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complex computations on large datasets. NumPy is widely used in data science,
machine learning, and scientific computing applications. We have used numpy to
store vector embeddings and representation from the model as it computationally

fast.

Scikit-learn is a popular machine learning library for Python that provides a vari-
ety of tools and algorithms for data analysis, classification, regression, and clus-
tering. It includes a range of algorithms, such as decision trees, random forests,
and support vector machines, that can be used for a wide range of machine learn-
ing tasks. Scikit-learn is known for its easy-to-use API and extensive documen-

tation. Scikit learn was used to use KMediods algorithm and perform clustering.

Torch is an open-source machine learning library for Python that is widely used
for deep learning and neural networks. It provides a flexible and efficient platform
for building, training, and deploying machine learning models. Torch includes a
variety of tools and features that make it easy to work with large datasets, includ-
ing GPU support for accelerated training. For tarining and generating summary,
we have used torch library as it was well documented and contained easy to use

functions.

Transformers is a state-of-the-art natural language processing library for Python
that is widely used for tasks such as language translation, sentiment analysis, and
summarization. It provides pre-trained models for a variety of tasks and includes
a variety of tools and features that make it easy to fine-tune models on specific
datasets. Transformers is known for its speed and accuracy, and is widely used
in both research and industry. We have extensively used transformers for loading

BART model and tokenizer.

Azure Speech Service library [11] is a easy to use cloud based speech synthesis
library that provides RESTful APIs to communicate with applications. It allows
developers to add text-to-speech capabilities to their applications and services,

enabling users to listen to the content instead of reading it.

AWS Learner’s Lab is a cloud-based learning platform offered by Amazon Web

Services (AWS). It provides a comprehensive set of resources and tools for learn-
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ing about machine learning and deep learning. Therefore AWS learner lab can be

easily used to train the models.

* MARP is a powerful open-source tool that enables users to create dynamic and
professional presentations using Markdown syntax. MARP works by convert-
ing text written in Markdown syntax into HTML, which is then rendered by the
browser. This process allows for a highly customizable and flexible presentation
format that can be easily updated and shared across multiple platforms. Because
of its simplicity, programmability and flexibility makes it the better choice for

generating slides.

* FFmpeg is a powerful, cross-platform multimedia framework and command-line
tool used to decode, encode, transcode, and stream audio and video files. FFmpeg
can handle a wide range of file formats and codecs, including popular formats like
MP4, AVI, WMV, MKYV, FLV, and MOV. Because its free, simple and works well
with python command line arguments, it is better suited for the project above

others.

4.4. Dataset Analysis

For the downstream summarization tasks, since the learning is fully supervised we need
large dataset to work on. The requirements of dataset that can fulfil the summarization

task for the articles involve:
* The datasets should contain various domain of topics for handling various articles.

* The datasets’ summaries must be written in consistent manner so that reliable
results are produced. For article summary dataset, the most common framework

for writing article is inverse pyramid structure as shown in figure below :
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"The Lead": The most important info
Who? What? Where? When? Why? How?
Approximately 30 words (1-2 thin paragraphs)
May include a"hook" (provocative quote or question)

"The Body": The crucial info
Argument, Controversy, Story, Issue
Evidence, background, details, logic, etc.

Quotes, photos, video, and audio that
support, dispute, expand the topic

'"The Tail": extra info
Interesting/Related items
May include extra context
In blogs, columns, and
other editorials: the
assessment of the
journalist

Figure 4.2: Inverse Pyramid Writing Style

Image Source: Paper on A Large Scale Text Summarization Dataset

* The datasets quality should be paramount to the objective score as well subjective

standards by human evaluation.

Considering the requirements, different datasets like Xsum Dataset, NYT, and CN-

N/DM Dataset were analyzed. Comparision of dataset is shown below:

% of novel n-grams in target summary
unigrams bigrams trigrams 4-grams
CNN-DailyMail 17.00 53.91 71.98 80.29

NY Times 22.64 55.59 71.93 80.16
XSum 35.76 83.45 05.50 98.49

Datasets

Figure 4.3: Comparision of Datasets

Image Source: MultiXScience White Paper

We see that XSum has greater overlap in summary, but that might be the case because of
the fact XSum is extreme summary i.e, it only summarizes the article to its heading. But
the CNN/DM Dataset turned out to be the best possible dataset for our use case accord-
ing to the overall requirements. The summary in CNN/DM is written by world-class

writers from the news organizations Cable News Network (CNN) and Daily Mail (DM).
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Format in which dataset is prepared is shown below here:

article (string)

"LONDON, England (Reuters) -- Harry Potter star Daniel
Radcliffe gains access to a reported £20 million ($41.1
million) fortune as he turns 18 on Monday, but he insists
the money won't cast a spell on him. Daniel Radcliffe as
Harry Potter in "Harry Potter and the Order of the
Phoenix" To the disappointment of gossip columnists
around the world, the young actor says he has no plans to
fritter his cash away on fast cars, drink and celebrity
parties. "I don't plan to be one of those people who, as
soon as they turn 18, suddenly buy themselves a massive
sports car collection or something similar,” he told an
Australian interviewer earlier this month. "I don't think
I'11 be particularly extravagant. "The things I like
buying are things that cost about 10 pounds -- books and
CDs and DVDs." At 18, Radcliffe will be able to gamble in
a casino, buy a drink in a pub or see the horror film
"Hostel: Part II," currently six places below his number
one movie on the UK box office chart. Details of how

he'11 mark hic landmark hirthdav are under wrans His

Figure 4.4: CNN/DM Dataset Format

highlights (string)

"Harzy Potter star Daniel Radcliffe gets £20M fortune as
he tuzns 18 Monday . Young actor says he has no plans to
fritter his cash away . Radcliffe's earnings from first
five Potter films have been held in trust fund ."

Image Source: Kaggle CNN/DM Dataset

4.5. Training & Finetuning

We used PyTorch and Learner Lab environment to fine-tune the BART model on the

CNN/DM dataset.

The training process involves the following steps:

* Forward Propagation: Given an input sequence, the model performs forward

propagation through the layers to produce a prediction.

* Loss Calculation: The model calculates the cross-entropy loss [[12] between the

id (string)

"42c027e4££9730£bb3de84c1af0d2c506e41c3e4”

predicted probability distribution and the true probability distribution.

* Backward Propagation: The model calculates the gradients of the loss with re-

spect to the model parameters using backpropagation [13]] through the layers.

* Parameter Update: The model updates the parameters using an optimization al-

gorithm such as Adam.

* Repeat: The model repeats the above steps for multiple epochs until the loss

converges or a maximum number of epochs is reached.

The optimization algorithm, the learning rate, and the batch size for training must be

defined according to the need

49



* Adam Optimizer: Adam [14]] is a popular optimization algorithm used in deep
learning for optimizing stochastic gradient descent (SGD). It combines the advan-
tages of two other optimization algorithms: Adagrad and RMSProp. The Adam
optimizer keeps an exponentially decaying average of past gradients and squared
gradients, respectively. It is particularly effective when dealing with large datasets
and high-dimensional parameter spaces. Transformers require a lot of computa-
tional resources to train, and the Adam optimizer has been found to be particularly

effective for optimizing the large number of parameters in these models.

* Learning rate Scheduler: Learning rate scheduler is a technique used in training
machine learning models to adjust the learning rate during training. The learning
rate is a hyperparameter that controls the step size at each iteration during the

optimization process

* Batch Size: The batch size is the number of examples processed in one iteration
of training. Choosing an appropriate batch size is important for fine-tuning BART
on the CNN/DM dataset. Here are a few considerations when selecting a batch

size:

— GPU Memory: The batch size should not exceed the available GPU mem-
ory. A larger batch size can result in faster training, but it can also lead to

out-of-memory errors.

— Training Time: A larger batch size can result in faster training, but it can

also lead to slower convergence and lower performance.

— Dataset Size: A larger dataset can support a larger batch size, while a smaller

dataset may require a smaller batch size to prevent overfitting.

4.6. Model Analysis

The Language Models to use must be selected based on the objective score and require-
ments of the use case. Some of the basic requirements to select a model for summariza-

tion tasks on articles are:

* The language model should have high performance in terms of generating accu-

rate and coherent summaries.
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* The language model should be able to understand and summarize complex and
diverse topics and be able to capture important details and context from the source

article.

* The language model should be able to accept large input articles and provide a

summary of specified length.

* The language model that is pretained should be adaptable for different down-

stream tasks and should be of low resource on the user-end.

For out dataset, CNN/DM different models are employed for abstractive as well as ex-

tractive summarization tasks. comparitive analysis of different models are given as:

Table 1: ROUGE scores for various language models on summarization tasks
Model ROUGE-1 ROUGE-2 ROUGE-L

T5 43.0 19.9 39.2
Pegasus 43.0 21.5 39.0
GPT-2 40.8 18.0 37.7
GPT-3 42.2 20.8 38.7
UniLM 42.8 20.5 384
XLNet 43.3 21.5 39.2

As we will in the results section, the score for the BART large beats the other model.
Similarly BART base also performs as comparable to TS Peagasus for CNN/DM on

summarization tasks.

4.7. Evaluation - Rogue Score

ROGUE (Recall-Oriented Understudy for Gisting Evaluation) [15] is a set of metrics
used to evaluate the quality of automatic summarization systems. ROGUE measures the
similarity between the generated summary and the reference summaries by counting the

number of overlapping units, such as words or n-grams, between the two.

There are several variations of ROGUE, including ROGUE-1, ROGUE-2, and ROGUE-
L, which differ in the size of the units being compared. ROGUE-1 compares unigrams

(single words), ROGUE-2 compares bigrams (pairs of adjacent words), and ROGUE-L
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uses the longest common subsequence (LCS) of words between the generated summary

and the reference summaries.

To calculate ROGUE, we first need to define a set of reference summaries for each
document or text. The reference summaries should represent the key information or
main points of the document. Then, we compare the generated summary with each
reference summary using one of the ROGUE variations. The final ROGUE score is the

average of the scores for all reference summaries.

For example, to calculate ROGUE-1, we count the number of unigrams that appear in
both the generated summary and each reference summary, and then divide by the total

number of unigrams in the reference summaries. The formula for ROGUE-1 is:
ROGUE-1 = (# overlapping unigrams) / (# unigrams in reference summaries)

Similarly, for ROGUE-2, we count the number of bigrams that appear in both the gener-
ated summary and each reference summary, and divide by the total number of bigrams

in the reference summaries.

ROGUE-L uses the longest common subsequence (LCS) of words between the gener-
ated summary and each reference summary. The LCS is the longest sequence of words
that appear in both the generated summary and the reference summary in the same

order. The formula for ROGUE-L is:

ROGUE-L = LCS / (# words in reference summaries)

"1iE hello a cat dog [EXATIIeE"

longest common
subsequence length = 2

LCS(gram,)

count(gram.)

2
—a — =66% recall
RiCYox jumpsy 3

reference text

Figure 4.5: Rogue Score Calculation for long sequence

Image Source: The Ultimate Metric in NLP
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Overall, ROGUE provides a useful way to measure the quality of summarization sys-

tems and compare different models or algorithms.

4.8. Mean Opinion Score

Mean Opinion Scores, as commonly used today, originated from polls of test subjects
listening to audio or observing video. A number of current standards can be traced back
to expert listeners and observers in distraction free quiet rooms subjectively logging
experience scores. A MOS itself is a metascore, averaged from a number of individual

components of session quality.

Nowadays, audio and video communications isn’t scored by a panel of individuals, but
by a number of algorithms (Objective Measurement Methods) that attempt to approxi-
mate human experience. ITU-T’s P.800.1 discusses objective and subjective scoring of
telephone transmission quality, while recommendations such as P.863 and J.247 cover

speech and video quality, respectively.

The most commonly used rating scale is the Absolute Category Ranking (ACR) scale,

which ranges from 1 to 5. The levels of the Absolute Category Ranking are:

5 Excellent

4 Good

3 Fair

2 Poor

1 Bad

All links in the chain from sender to receiver can cause a drop in mean opinion score.
Everything from a human’s health to audio and video equipment to computer settings
can cause a degradation in communications quality. However, network effects are most
readily apparent and measurable on these calls - jitter, latency, and packet loss lend

themselves to numerical measurement, and have a direct effect on perceived call quality.

Generically, a Mean Opinion Score can be employed anywhere human subjective expe-
rience and opinion is useful. In practice, it is often used to judge digital approximations

of world phenomena.
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Commonly employed domains where Mean Opinion Score is applied include static
image compression (e.g. JPG, GIF), audio codecs (e.g. MP3, Vorbis, AAC, Opus),
video codecs (e.g. H.264, VP8) and synthesis algorithms. It is also very commonly
employed in streaming sessions where network effects can degrade communications

quality.
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5. SYSTEM DESIGN

Our project can be divided into the following stages and can be shown by the following

system diagram:

Input Article
'8 ™\ ™\
Parsing & Word feature
Preprocesing embedding
\ J J
" N i Y
, | Sesience foskes Generating Abstractive .| Neural Speech
extraction Summary (BART) i Synthesis
p, L. o
5
2T . , Y
£, - Writing Markdown & )
SR Clustering 5|m|ar1 i ] [
o ®
SE . Generating PDF Video Generation
= E |, sentences Y )
@ A
'+ | Sentence Selection Converting pdf pages to]
(kNeigbors) images J

Figure 5.1: Architecture

5.1. Parsing and Preprocessing

The parsing and preprocessing step is the initial stage in our pipeline. In this step, we
collect articles from various sources such as news websites and scientific journals. Once
we have the articles, we extract the relevant information like author, date, images, and
text. We use various libraries like newspaper3k and pdfparser to extract text from the
given URL or PDF. However, the extracted text may contain characters that are not in

the UTF-8 format, which need to be preprocessed to obtain clean text.

To preprocess the text, we use techniques such as tokenization, stemming, and lemma-
tization. Tokenization involves splitting the text into individual tokens or words, while
stemming and lemmatization involve reducing the word to its base form or root. These
techniques help in removing noise and reducing the vocabulary size, making it easier to

process and analyze the text.
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5.2. Sentence Feature Extraction

The next step in our pipeline is to extract sentence-level feature embeddings from the
text. We use the BART (Bidirectional and Auto-Regressive Transformer) model, which
is pre-trained on a large corpus of data and then fine-tuned on the CNN/Daily Mail
dataset [[16]]. The text is divided into sentence-level tokens and then fed into the encoder
stage of the BART model. The output of the encoder stage provides the features and

representation of each sentence in the text, which acts as the features of the sentence.

The features extracted in this step are crucial for the clustering and ranking processes.
These features are used to measure the similarity between sentences, which helps in

grouping them together in the clustering step and ranking them in the ranking step.

5.3. Clustering

Clustering is performed on the sentence features and embeddings using the K Medoids
algorithm. The purpose of clustering is to group similar sentences together to form
clusters based on the extracted features. We use the K Medoids algorithm instead of the
K-means algorithm because K-means can be sensitive to outliers and noise that may be

present in the input data, which can skew the clustering results.

Each cluster is then assigned a topic based on simple heuristics. The rule we use is
based on the fact that the first sentence in the cluster will always be the background
because of the nature of the article, which is written in an inverse pyramid style. The
third cluster will most probably always contain the conclusion. The middle parts are

where major details fall under.

5.4. Ranking

In this step, we rank the sentences in each cluster using the KNN (K-Nearest Neigh-
bors) algorithm. The KNN algorithm ranks the sentences based on the features and
embeddings extracted in the previous steps. We employ some heuristics to chop off

some dissimilar sentences.

The ranking process is crucial because it helps in identifying the most important sen-

tences in each cluster, which can then be used in the summarization step.
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5.5. Summarization

After the ranking process, we perform abstractive summarization on each cluster using
the BART model, which has been fine-tuned on the CNN/Daily Mail dataset. The
generated sentences are written on points with 3 different sections. The input sequences
vary based on the length of the cluster extracted but are generally kept below 512 words.

The output words are generally 60-100 words per cluster.

Abstractive summarization involves generating a summary that is not a verbatim copy
of any part of the original text. Instead, it captures the essence of the text and presents
it in a concise and coherent manner. Abstractive summarization is a challenging task
and requires sophisticated techniques such as natural language processing and machine

learning.

5.6. Slide Generation

By using markdown syntax and MARP, we create slides from the presentation. Other
information like authors, date and images are also included from the parsing steps and
slide is generated.

To use MARP, users first write their presentation content using Markdown syntax. This
involves using various formatting elements such as headings, bullet points, and images
to create a visually appealing and engaging presentation. Once the content is written,
users then use MARP to generate the HTML code or PDF needed to display the pre-

sentation in a web browser.

5.7. Speech Synthesis

Using Azure cognitive speech services, we perform speech synthesis on the abstractive
text. For every slide chunk we perform this synthesis process using the Azure services
[L11].

This process involves sending a simple REST-based request to Azure Cognitive Sepech
Service that can be easily integrated into any application or service. The API takes
text input and generates an audio output in the form of an MP3 or WAV file. Different
audio formats, sampling rates, and voice fonts are supported giving users flexibility to

customize the speech output according to their needs.
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5.8. Video Generation

We then convert the slides pdf to image frames and then, using FFMPEG, we concate-
nate the audio with frames and finally generate a video.

This is how the video is generated from FFMpeg:

FFmpeg takes each image in sequence and converts it into a video frame.

It then takes the corresponding audio clip and adds it to the video frame.

* This process is repeated for each image/audio pair in sequence.

FFmpeg then concatenates all the resulting video frames into a single video file.

Finally, it encodes the video in a desired format, such as MP4 or AVI.

5.9. Diagrams

Slidelt

/ " Admin
extends
extends @ Execute
extends e Pipeline

Open
Slide Link

Diagram Key

. Use case

") Relationship

. Actor

Figure 5.2: Use Case Diagram
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The use case diagram gives us an overview of how we/user can interact with our web
based application.The user can login first with their google accounts. They can feed

text/paragraph, pdf or urls to the platform and get the link for slide and video generated.
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Figure 5.3: Sequence Diagram

The sequence diagram captures the interaction between objects in the context of collab-
oration. In this diagram ,we can see how the user interacts with front-end and backend
side of the application. Whenever the user performs some operation, the objects interact

with each other to give proper feedback.

5.10. Pipeline

We used Flask for the backend and React with Tailwind for the frontend of the web
application. Flask is a Python web framework that allows us to build web applications
quickly and easily. React, on the other hand, is a JavaScript library for building user
interfaces. By using these tools, we were able to create a user-friendly web application

that allows users to input raw data in the form of URLs, PDFs, and text.
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The React web app sends the raw data to the backend for processing. This is where
the whole pipeline, from preprocessing to final video generation, is performed. The
pipeline processes everything and then sends the drive link to the frontend. The unique
point of view of the project is the pipeline rather than the model and the dataset. This
means that the pipeline is the main focus of the project, as it is what makes everything

work together seamlessly.

To build the total pipeline, we have used various Python libraries, such as newspaper3k
and pdfparser, for parsing the raw data. Parsing involves extracting relevant information
such as author, date, and images from the input text. We also used PyTorch [[17] for deep
learning, which is a popular open-source machine learning library used for developing
and training deep neural networks. We used the transformers library for our summariza-
tion model, which is a state-of-the-art language modeling library for natural language
processing. Additionally, we used numpy for matrices, sklearn for machine learning
algorithms like clustering and classification, azure-cognitive services for speech syn-
thesis, pdf2images library for converting PDFs to image frames, and other third-party
software such as marp for slide generation from markdown syntax and ffmpeg for video

generation.

The pipeline is the heart of the project, and it consists of several steps. First, we perform
text parsing from the raw data, extracting relevant information such as author, date, and
images. Then, we extract sentence-level feature embeddings from the text using BART
model fine-tuned on the CNN/DM dataset. Next, we cluster the sentence features and
embeddings with K Medoids clustering algorithm into 3 clusters. Then, we perform on
each cluster ranking with KNN algorithm, and we employ some heuristics to chop off
some dissimilar sentences. After that, we perform abstractive summarization on each
cluster using BART model finetuned on CNN/DM. The generated sentences are written
on points with 3 different sections. Finally, we create slides from the presentation using
markdown syntax and Marp and use Azure Cognitive Services for speech synthesis on
the abstractive text. We then convert the slides PDF to image frames and concatenate

the audio with frames using FFMPEG to generate the final video.
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6. RESULTS & DISCUSSION

6.1. Dataset Quality

We used the CNN/DM dataset to fine-tune the BART model for summarization. The
dataset is widely used for training summarization tasks on similar type of text i.e, Arti-
cles.

Datasets contains:

* 286,817 training pairs
* 13,368 validation pairs

* 11,487 test pairs.

Train Validation Test
Pairs of data 287,113 13,368 11,490
Article length 749 769 778
Summary length 55 61 58

Figure 6.1: Dataset Summary

The article for the dataset is written in inverse pyramid style as discussed in the method-
ology. The quality of data is subjective, and the dataset is prepared by world class jour-

nalists, authors, reporters from CNN and Daily Mail.

Table 2: CNN/DM Details through words overlap metrics

Unigram Bigram Trigram 4-grams

17.00 5391 71.98 80.29

Note that the overlap metrics are shown as percentages (%).

6.2. Finetuning objective

The model was initialized with pre-trained weights on the bart-base (139m params) as

well bart-large (409m params) checkpoint. We used the latter model for final imple-
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mentation as though it wasn’t finetuned by us and was available at huggingface [18]].

Only the BART base was tested but we have compared the result with BART large.

Here we perform tests to compare to BART-base and BART-large . The tokenizer was

used to encode the input and target texts, and to pad or truncate them to a fixed length.

We used the following hyperparameters:

e Batch Size: 2

* Learning Rate: 3e-05

* Maximum Sequence Length: 512

* Number of Epochs: 4

* Warmup Steps: 1000

* Adam Epsilon: 1e-08

* Gradient Accumulation Steps: 16

* Weight Decay: 0.01

Note that the maximum sequence length of 1024 is higher than the standard maximum

sequence length of 512 for BART base, but is feasible with BART large due to its larger

memory capacity. That’s why we would use it in our project.

model.zero_grad()

loss = model(input_ids=input_ids, labels=output_ids).loss
loss.backward()

optimizer.step()

scheduler.step()

print(f'Epoch {epoch+1}, Loss: {loss.item()}")

WARNING:datasets.
1, Loss:
1, Loss:
1, Loss:
1, Loss:
1, Loss:
1, Loss:
1, Loss:
1, Loss:
1, Loss:
1,
1,
1)
1,
1,
1)
1)

Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch
Epoch

Loss:
Loss:
Loss:
Loss:
Loss:
Loss:
Loss:

N NWRARMAMPWRARWUNWWWRAUVWV

builder:Found cached dataset cnn_dailymail (/root/.cache/huggingface/d

.326311111450195
.850863933563232
.573252201080322
.84517765045166
.8483235836029053
.57859345250879346
.983591318130493
.4641830921173096
.634799480438232
.770490884780884
.038843154907227
.885632253265381
.936756610870361
.1462044715881348
.809403419494629
.762444496154785

Figure 6.2: Training instance on BART-base with CNN/DM
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[<matplotlib.lines.Line2D at @x7ff7351ff64e>]

Loss

Figure 6.3: Sample Loss function for small batches (not complete)

6.3. Model Evaluation

We evaluated the performance of the BART large and BART base models on the CN-
N/DM dataset. The BART-base was evaluated according to the training parameter men-
tioned in methodology. The BART-large was trained and evaluated by Facebook(now

Meta) corporation.

Table 3: Comparison of ROUGE scores for BART and its variants on CNN/Daily Mail.

Model ROUGE-1 ROUGE-2 ROUGE-L
BART base 44.30 21.94 41.05
BART large 45.35 22.27 41.59

ROUGE-1 measures unigram overlap, ROUGE-2 measures bigram overlap, and ROUGE-
L measures longest common subsequence overlap. All scores are reported in percent-

age.
Based on this table, we can draw the following disucssions:

Reasons to use BART base over BART large

* BART base is a smaller model, so it may be more efficient to use in certain sce-

narios where computational resources are limited.
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* BART base still performs well on the CNN/DM dataset, achieving ROUGE scores
of 44.30, 21.94, and 41.05 for ROUGE-1, ROUGE-2, and ROUGE-L, respec-

tively.

* BART base may be a better option for fine-tuning on smaller datasets, where the

larger BART model may overfit.
Reasons to use BART large over BART base

* BART large generally performs better than BART base across all ROUGE metrics
on the CNN/DM dataset.

* BART large may be a better option for fine-tuning on larger datasets, where the
additional parameters in the model may be beneficial for achieving higher perfor-

mance.

* BART large may be a better option for downstream tasks that require more com-
plex language understanding and generation, such as question answering or dia-

logue systems.

6.4. Ranking Evaluation

For ranking (this process is performed before summarization task), we first carry out
KMediods clustering which is an unsupervised machine learning algorithm therefore
there is no reliable metric to evaluate the clusters. And for selecting the sentences we

use, KNN. The evaluation of the ranking pipeline can be made with examples and cases.
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Input Paragraph:

The future of space exploration requires big ideas, and NASA has no objection
to considering some of the biggest ideas out there. The space agency’s Inno-
vative Advanced Concepts (NIAC) program exists for this very purpose, and it
has chosen the next crop of concepts worthy of an initial study. The latest round
of NIAC grants were awarded to 14 research teams, each receiving $175,000 to
further develop their concepts, NASA announced yesterday. Of the 14, 10 are
first-time NIAC recipients. These are all preliminary Phase I studies, which need
to be completed within nine months. One of the country’s most prominent aca-
demic centers that purports to “advance sustainability in animal agriculture” is

almost entirely funded by industrial agriculture interests, new documents show.

Output Sentences (Using KMediods & KNN):

* The latest round of NIAC grants were awarded to 14 research teams, each
receiving $175,000 to further develop their concepts, NASA announced
yesterday.

* The future of space exploration requires big ideas, and NASA has no ob-
jection to considering some of the biggest ideas out there.

* One of the country’s most prominent academic centers that purports to
“advance sustainability in animal agriculture” is almost entirely funded by

industrial agriculture interests, new documents show.

Output Sentences (Using KMeans & KNN):

* These are all preliminary Phase I studies, which need to be completed
within nine months.

* The latest round of NIAC grants were awarded to 14 research teams, each
receiving $175,000 to further develop their concepts, NASA announced
yesterday.

* The future of space exploration requires big ideas, and NASA has no ob-

jection to considering some of the biggest ideas out there.
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6.5. Azure Neural Speech Synthesis

Text-to-speech quality is measured by Mean Opinion Score (MOS), a widely-recognized

scoring method for speech quality evaluation.

» For MOS studies, participants rate speech characteristics such as sound quality,

pronunciation, speaking rate, and articulation on a 5-point scale.

* According to several MOS tests azure speech services have done (n>50 for each
study), the average MOS score for the 15 new Neural TTS voices is above 4.1,

about +0.5 higher than the scores for standard (non-neural) voices.

6.6. Generated Video Evaluation

The concatenation of the audio with the image sequences could be evaluated based on
the synchronization of the audio with the visual content and the overall impact of the

video in conveying the intended message. Concatenation is performed with FFMpeg.

[swscaler @ 0800028f3b5

in=0 qpma;
requested, clamping tc
Output #8, mpa, to \Ap| al \Temp\ tmpyoty me_6.mpa’ :

Metadata:
er

, fltp, 144 kb/s

88 bitrate= 0.1kbits/s speed=2.19x

Figure 6.4: Frame Generation for each image sequence with concatenation with audio

The duration of the frame of video depends on the audio duration which is what we
want. The frame change is possible only after the audio completes to generate the over-

all video. Around 3 minutes is used for speech/audio synthesis and video generation.

The video output is produced in mp4 format and can be previewed through drive link

or media player as below :
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& outputmp4 - VLC media player
Media Playback Audio Video Subtitle Tools View Help
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Figure 6.5: Output video generated
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7. CONCLUSION

In conclusion, this project proposes an efficient and automated method for generating
video slide presentations from input articles. The method involves text parsing and
feature extraction from input articles, clustering and ranking algorithms to group and
rank the extracted features, abstractive summarization using the BART model, slide
creation using Markdown syntax and MARP, audio generation using Azure Cogni-
tive Speech Services, and video concatenation using FFMPEG. Our evaluation on the
dataset showed that the BART large model outperformed the BART base model in terms

of rouge scores for summarization.

Although our system showed promising results, there are still areas for further explo-
ration and improvement, such as evaluating the effectiveness of the system on different
types of input articles, investigating different clustering and summarization algorithms
to improve accuracy and quality, image positioning, postprocessing, deployment, and
incorporating user feedback and preferences for a more personalized and user-friendly
experience. Integrating the system with social media platforms or news aggregators
could also make the summarization and presentation of news and information more
accessible and convenient for users. Overall, our proposed method can significantly re-
duce the time and effort needed to create video slide presentations, and has the potential

to make video content creation more accessible and efficient for a wider range of users.
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8. LIMITATIONS AND FURTHER WORKS

8.1. Limitations

Topic classification is basic utilizing the fact that article writing style is consistent

1.e, inverse pyramid writing style.

The images in the generated slides might not be properly position to the artilce.

BART’s performance can be affected by the quality of the training data and the

fine-tuning process.

The article length is limited to 1024 words, and can be extended to 3072 words.

But the article with length greater than 3072 is not accepted by the sytem

MARP has limited customization options for slide design and layout.

FFMPEG can be slow when generating videos with a large number of frames.

8.2. Further Works

There are several areas for further exploration and improvement in our project. One
area is to evaluate the effectiveness of our system on different types of input articles,

such as academic papers or technical reports.

* Employ topic classification models to allow user to provide topic to which slides

can be generated

* Expanding the domain of the articles so that any kind of writing style and publi-

cation can be converted to slides

* To enhance image positioning while parsing articles to generate slides with proper

images.

* Incorporating user feedback and preferences into the system could lead to a more

personalized and user-friendly experience.
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9. APPENDIX

Home  Explore  Contact Login

Slidelt.

Make it WORK. Make RTH.

Turn Documents into Slides.

Fast, flexible tool for your Videos|

Start Sliding >

Figure 9.1: Landing page of the application

. . &
Video Presentation of your = =l =
Document —

Visualization have an advanced ability to understand, learn, and remember. Generate Q (00
the video presentations of the slides using speech synthesis will help you to teach or Qa,
learn documents in no time.

o8 oo

Sign up to our newsletter and stay up to date. _

Read our P

Figure 9.2: About page of the application
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Slidelt.

Email
Password

Remember Me

Sign In

-

Figure 9.3: Login page of application

The user can login to the application using the Google Signln Method

Slidelt.

Welcome, Anish Agraw Convert any document to a Slide

88 Dashboard

File Upload URL Text
O Saved

@

Click to Upload or Drag & Drop your files here

Figure 9.4: Interface for input

The user can input articles in the form of PDF file upload, URL and Text
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Generating Slides

Estimated time is less than

Figure 9.5: Output Generation Loading Screen

Once the Input article is submitted, the generating loading screen is displayed to the

user and slide/video generation is done by the model pipeline in backend.

Convert any document to a Slide
File Upload URL Text

URL

https://gizmodo.com/first-case-tickbome-relapsing-fever-borrelia-lonestari- 1850203967 -

Generated Content

Presentation Slide

Your Presenatation Slide is now Ready!

Video Presentation

Your Presenatation Video is now Ready! -

Figure 9.6: Generated Content of Slide and Video Link
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