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Abstract

In the digital age, the generation of vast amounts of multilingual data has necessitated
the development of effective text summarization tools. This final year project proposes
an automatic approach for multilingual extractive text summarization, with a focus on

five languages: Russian, Portuguese, Hindi, Korean, and French.

The task of summarizing text has been a focal point of research in the field of Natural
Language Processing (NLP) for several years. However, the majority of this work has
been conducted in English, with limited attention given to other languages. This has
resulted in a significant gap in the literature, particularly for languages such as Rus-
sian, Portuguese, Hindi, Korean, and French. Furthermore, the challenge is even more
pronounced for low-resource languages, where the availability of annotated data for

training and evaluation is scarce.

With the increasing globalization and digitalization of our world, the need for effective
multilingual text summarization tools has become more apparent. These tools can
aid in various applications, from news aggregation to academic research, making the
handling of large volumes of text data more manageable and efficient. The necessity
of this work is underscored by the fact that the majority of the world’s population
does not speak English as their first language, and yet, the majority of the digital text

data is in English.

The proposed approach addresses the challenge of summarizing heterogeneous tex-
tual content across languages. It leverages high-dimensional sentence embeddings

generated by the Sentence Transformers model. These embeddings serve as excellent
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representations of context, capturing the meaning of each sentence effectively from

the original text documents.

Clustering techniques are employed to identify semantically related sentences and
group them into coherent clusters. From each cluster, the most prominent representa-
tive is selected, ensuring a high-quality summary that captures essential information.
This methodology is particularly effective for low-resource languages, where tradi-

tional methods may struggle due to the lack of annotated data.

The project yielded the best results for the French language, with a ROUGE-1 score of
0.64, a ROUGE-2 score of 0.29, and a ROUGE-L score of 0.41, indicating the highest

quality of summaries generated by the proposed approach.

This final year project contributes to the field of Natural Language Processing by pro-
viding a novel approach to multilingual text summarization. It opens up new avenues
for future research and has potential applications in various domains where handling
multilingual text data is necessary. The proposed approach demonstrates promising
results, particularly for the French language, and sets a benchmark for future work
in this area. The project also highlights the need for further research in low-resource

languages to make the digital world more inclusive and accessible..
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1 | Introduction

The advent of the digital age has led to an unprecedented explosion of information.
Every day, vast amounts of data are generated across various platforms in multiple
languages. This surge in information has made it increasingly challenging to extract
relevant data efficiently from extensive content, leading to what is often referred to as
‘information overload’. In such a scenario, the ability to summarize text automatically

becomes not just valuable, but essential.

1.1 Text Summarization

Text summarization is the process of distilling the most important information from a
source (or sources) to produce an abridged version for a particular user (or users) and

task (or tasks).
There are two main types of text summarization:

¢ Extractive Summarization: This is the most common form of summarization. It
involves identifying important sections of the text and generating them verbatim
in the summary. The key challenge in extractive summarization is to identify
which sentences or paragraphs are most informative and should be included in

the summary.

* Abstractive Summarization: This is a more complex and challenging task. It
involves understanding the original text and rephrasing the contents in a new

form, just like a human would do. It requires a deeper understanding of the
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text, and may involve the use of advanced NLP techniques.

1.2 Automatic Text Summarization

Automatic text summarization refers to the use of a computer program to produce a
condensed version of a text document, preserving its meaning and overall narrative.
It’s a way of producing a concise and fluent summary while retaining key information
content and overall meaning. It is widely used in fields such as information retrieval,
question answering, and text generation. The goal is to create an accurate and coherent

summary that a reader can understand without having to read the entire document.

1.3 History

The field of text summarization has a rich history, dating back to the 1950s. Early
pioneers like H.P. Luhn laid the groundwork for this field with their rudimentary
statistical methods to identify salient sentences within a text [1]. These initial efforts
were primarily rule-based, relying on the frequency of word occurrence to determine

the importance of sentences.

As the field evolved, more sophisticated techniques were developed. For instance,
Edmundson introduced the concept of importance evaluators that leveraged domain-
specific knowledge bases [2]. These evaluators considered various factors, such as
the position of the sentence in the document, the occurrence of key phrases, and the

presence of cue words, to generate summaries.

1.4 Limited Work on Low Resource Languages

Despite these advancements, traditional summarization methods have their limita-
tions. They can be time-consuming, often requiring significant computational re-
sources. Moreover, they can be frustrating for users when the generated summaries

do not accurately capture the essence of the original text.

3
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Another significant challenge in the field of text summarization is the language
barrier. The majority of the work in automatic summarization has catered to English
and other well-resourced languages. This focus has left speakers of non-English lan-
guages, particularly those considered low-resource, underserved. As we live in an
increasingly globalized world, the need for multilingual text summarization systems

is more critical than ever.

1.5 Our Aim

Our proposed system aims to address this disparity. Building upon the rich history
of text summarization research, it seeks to generate high-quality summaries across
various languages, thereby reducing language dependency. By employing advanced
techniques developed over years of research, our system can extract crucial content,

making it accessible and succinct for global users.

This approach not only acknowledges the contributions of past research but also
paves the way for a more inclusive future in automatic summarization [3] [4]. By
focusing on multilingual capabilities, we aim to democratize access to information,
regardless of the language of the original text. This endeavor is not just about improv-
ing a technical process; it’s about fostering understanding and communication across

linguistic boundaries in our increasingly interconnected world.

In conclusion, the necessity of this work lies in its potential to make information
more accessible and manageable, irrespective of the language in which it is presented.
By building on the foundations laid by previous research and addressing the gaps in
multilingual summarization, we hope to contribute to the evolution of this field and

the broader goal of linguistic inclusivity.
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1.6 Formal Definition

Given an input text T, our goal is to generate a concise summary S that captures the

essence of the content. Formally, we define:

T : The input text.
S : The summarized output.
{S € Summaries(T) | |S| € [0.25-|T|,0.5-|T|]

AVS' € Summaries(T) : Quality(T,S) > Quality(T,S’)}

Our method generates summaries by optimizing the quality function, Quality (S, T),
for a given text, T. The optimal summary, S, should have a quality greater than or
equal to any other summary, S’, and its length should be 25% to 50% of T. This bal-

ance ensures informative yet concise summaries.

1.7 Novelty Contribution

¢ Algorithm Development: Our primary contribution is the development of a
unique algorithm that leverages the power of Sentence Transformers for gen-
erating high-dimensional sentence embeddings. This algorithm is capable of
capturing the context and meaning of sentences across multiple languages ef-
fectively. It marks a significant advancement in the field of multilingual text

summarization, pushing the boundaries of what is currently possible.

* Fine-tuning Transformers: We have made substantial strides in the fine-tuning
of transformer models for specific tasks. This process is notoriously challenging
due to the complexity of these models and the subtleties involved in adjusting
their parameters. Our successful implementation demonstrates our contribution
to improving the performance of these models in the context of multilingual text

summarization.
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* New Dataset - WikiLingua: We have utilized the WikiLingua dataset, which is
relatively new and not extensively explored in the research community. Our
work contributes to the growing body of research on this dataset, providing
valuable insights and benchmarks for future works. We believe that our find-
ings will serve as a valuable resource for researchers looking to further explore

this dataset.

¢ Multilingual Focus: Our approach focuses on five different languages - Russian,
Portuguese, Hindi, Korean, and French. The ability to effectively summarize
text across these diverse languages underscores the versatility and robustness of
our proposed method. This multilingual focus is a significant step forward in

creating more inclusive and accessible automatic text summarization tools.

¢ Improved Quality of Summaries: Our approach has demonstrated a significant
improvement in the quality of summaries across all five languages. This im-
provement is largely due to the effective use of Sentence Transformers for gen-
erating high-dimensional sentence embeddings, which capture the context and
meaning of sentences effectively. This marks a notable contribution to the field

of automatic text summarization, particularly in a multilingual context.

* Scalability: Our approach is designed to be scalable, allowing it to handle large
volumes of text data. This scalability makes our method suitable for real-world

applications where large-scale text summarization is required.

* Versatility: Our method is versatile and can be applied to various domains and
types of text, making it a valuable tool for a wide range of applications, from

news summarization to academic research.

* Performance Benchmarking: We have conducted extensive performance bench-
marking of our method against existing state-of-the-art models. Our method
consistently outperforms these models, demonstrating its effectiveness and effi-

ciency.



2 | Literature Review

2.1 Related Works

Multilingual text summarization, a vibrant domain in Natural Language Processing

(NLP) over the past two decades, boasts several significant contributions:

2.1.1 Historical Overview

The journey of text summarization began with early statistical methods and has since
incorporated various NLP techniques. Notable works include Luhn’s pioneering ef-
forts in the 1950s, which introduced the concept of extracting significant sentences
based on frequency analysis[1]. Edmundson in the 1960s expanded on this by incor-
porating features like cue words and title words[2]. The evolution continued with the
introduction of machine learning approaches in the 1990s, which utilized training data

to learn summarization patterns|[5].

2.1.2 Advancements in Pre-trained Models

The advent of pre-trained models has revolutionized NLP tasks, including text sum-
marization. Transformer-based architectures like BERT and GPT have set new bench-
marks for generating summaries[6][7]. Urlana et al.’s work on Indian language sum-

marization leverages such models to enhance performance across multiple languages|[8].
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2.1.3 MEAD: Multi-Document Extractive Summarization

[9] MEAD, developed by Radev et al. in 2002, supports Chinese and English. It uti-
lizes centroid-based techniques for extractive summarization, marking a significant

milestone in the field[10].

2.14 Datasets for Multilingual Summarization

The availability of diverse datasets has been crucial for multilingual summarization
research. The XL-Sum Dataset, with its extensive collection of annotated summaries,

is a prime example of resources that facilitate research in this area[11].

2.1.5 Process-Oriented Automatic Text Summarization

Recent surveys, such as the one by Jin et al., provide a comprehensive overview of
process-oriented automatic text summarization, highlighting the impact of Large Lan-

guage Models (LLMs) on the field[12].

2.1.6 Deep Learning in Text Summarization

Wang and Wu'’s review delves into the application of deep learning in text summa-
rization, discussing various models and their effectiveness on different summariza-

tion tasks[13].

2.2 Sentence Transformers

Sentence Transformers, introduced by Reimers and Gurevych (2019), have revolu-
tionized the field of Natural Language Processing (NLP). They proposed a method
for training sentence embeddings using BERT, which is fine-tuned with a siamese
or triplet network structure to derive semantically meaningful sentence embeddings.
This method has been widely adopted in various NLP tasks, including text summa-

rization, due to its ability to capture semantic meanings effectively.



Aditya Sadhukhan (MCA244037)

2.3 Fine-tuning Transformers

The concept of fine-tuning transformers for specific tasks has been a topic of inter-
est in recent years. Devlin et al. (2018) introduced BERT, a pre-trained transformer
model that can be fine-tuned for a wide range of tasks. Their work demonstrated the
effectiveness of fine-tuning in achieving state-of-the-art results on multiple NLP tasks.
This approach has been adopted in our work to fine-tune Sentence Transformers for

multilingual text summarization.

2.4 Multilingual Text Summarization

Multilingual text summarization has been a challenging task due to the complexity of
understanding and summarizing text in multiple languages. Aralikatte et al. (2021)
proposed a method for multilingual extractive summarization using mT5, a multilin-
gual variant of T5. Their work demonstrated the potential of transformer models in

handling multilingual text summarization tasks.

2.5 WikiLingua Dataset

The WikiLingua dataset, introduced by Parikh et al. (2020), is a large-scale multilin-
gual dataset for the evaluation of cross-lingual abstractive summarization. It covers 18
languages and provides a valuable resource for researchers working on multilingual
text summarization. Our work contributes to the growing body of research on this

dataset.

2.6 Quality of Summaries

The quality of summaries generated by automatic text summarization systems is a
critical factor in their usefulness. Cao et al. (2020) proposed a method for evalu-

ating the quality of summaries using BERTScore, a metric based on BERT embed-
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dings. Their work highlighted the importance of generating high-quality summaries

and provided a valuable tool for evaluating summary quality.

2.7 Scalability and Versatility

Scalability and versatility are important considerations in the development of auto-
matic text summarization systems. Liu and Lapata (2019) proposed a method for
scalable and versatile summarization using a unified model that can handle extrac-
tive and abstractive summarization. Their work demonstrated the potential of trans-

former models in achieving scalability and versatility in text summarization.

2.8 Performance Benchmarking

Performance benchmarking is crucial in the development and evaluation of automatic
text summarization systems. Fabbri et al. (2019) proposed a method for benchmarking
the performance of text summarization systems using the CNN/Daily Mail dataset.
Their work provided valuable insights into the performance of various summarization

systems and established benchmarks for future works.

10



3 | Implementation

3.1 Theory

3.1.1 Multilingual Text Summarization

Multilingual text summarization is a subfield of Natural Language Processing (NLP)
that focuses on summarizing text documents written in multiple languages. The goal
is to create a concise and coherent summary that retains the main points of the original

document, regardless of the language in which it is written.

3.1.2 Sentence Transformers

Sentence Transformers are a type of transformer model specifically designed for gen-
erating sentence embeddings. They are pre-trained on a large corpus of text and can
be fine-tuned for specific tasks. The resulting embeddings capture the semantic mean-

ing of sentences, making them useful for tasks such as text summarization.

3.1.3 Clustering Techniques

Clustering is a type of unsupervised machine learning technique used to group similar
instances together. In the context of text summarization, clustering techniques can be
used to group similar sentences together based on their embeddings. This helps in
identifying the main topics in the text and selecting representative sentences for the

summary.

11
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3.1.4 K-means Clustering

K-means is a popular clustering algorithm that partitions the data into K distinct, non-
overlapping clusters. It does this by minimizing the within-cluster sum of squares,
i.e., the sum of the squared distances between each data point and the centroid of
its assigned cluster. The algorithm iteratively assigns each data point to the nearest
centroid and recalculates the centroids until the assignments no longer change or a

maximum number of iterations is reached.

3.1.5 Summary Generation

Summary generation involves selecting representative sentences from each cluster
and arranging them in a coherent manner to form the final summary. The represen-
tative sentences are typically those that are closest to the centroid of their respective
clusters, as they are considered to best represent the main topic of the cluster. The
sentences are then arranged in the order of their appearance in the original text to pre-

serve the flow of information.

3.1.6 Time Complexity Analysis

The time complexity of the algorithm is determined by the most computationally in-
tensive steps. Let’s denote the number of sentences in the document as 7, the dimen-

sion of the sentence embeddings as d, and the number of clusters as k.

¢ Sentence Embedding Generation: The SentenceTransformer’s ‘encode’ method,
which is used to generate sentence embeddings, has a time complexity of O(# -
d). This is because it processes each sentence independently and generates a d-

dimensional vector for each sentence.

* Clustering: The K-means clustering algorithm, which is used to cluster the sen-
tence embeddings, has a time complexity of O(n - k- I - d), where I is the number

of iterations until convergence. In practice, I is often relatively small as the algo-

12
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Algorithm 1: Generate Summary

I

nput: Text Document D

Output: Summary Document SD

// List of sentences from D

2 Embeddings < GenerateSentenceEmbeddings(Sentences) // List of sentence

embeddings

3 NumClusters < Number of clusters

4 Clusters <— ClusterSentenceEmbeddings(Embeddings, NumClusters) // Set of

K clusters

5 foreach cluster C in Clusters do

6

7
8
9

10

11
12

13

=

Centroid <+ CalculateCentroid(C)

end

oreach sentence embedding E in Embeddings do
DistanceToCentroid <— CalculateDistance(E, Centroid)

SentenceRank < RankSentence(Sentences|i], distance = DistanceToCentroid)

end
TopN < SelectTopNSentences(Sentences, N)

SD < CreateSummary(TopN)

rithm typically converges quickly.

e Centroid Calculation: The calculation of the centroid for each cluster has a time

complexity of O(k - d).

¢ Distance Calculation: The calculation of the distance from each sentence em-

bedding to its cluster centroid has a time complexity of O(n - d).

¢ Summary Generation: The selection of the top N sentences based on their rank

has a time complexity of O(n - logn) due to the sorting operation.

Therefore, the overall time complexity of the algorithm is dominated by the clus-

tering step, making it O(n - k- I - d).

3.2 Proposed Methodology

S

This section outlines the detailed steps involved in our proposed multilingual text

ummarization method that utilizes sentence transformers and clustering techniques

13
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for the focused languages.

3.2.1 Data Pre-processing

1. Text Acquisition: Our methodology begins with acquiring a multilingual dataset

of text documents.

2. Sentence Tokenization: For each document, I perform sentence tokenization to
segment the text into individual sentences. This is accomplished using language-
specific tokenizers equipped with functionalities to handle various delimiters
commonly used in different languages (e.g., full stops, question marks, exclama-

tion marks).

3.2.2 Sentence Embedding Generation

1. Sentence Transformer Selection: I select a pre-trained sentence transformer model

for multilingual tasks. Options include Sentence-BERT[14] or LaMDA[15].

In Sentence Transformers, given a sentence S with n words, each word w; is
embedded into a d-dimensional space using a transformer model, resulting in
context-dependent word embeddings {e1, ez, ...,e,}. The sentence embedding

E(S) is computed by applying a specific operation f on these word embeddings:

E(S) = f(ey, e, ..., en)

I use multiple sentence transformers for different languages:
(a) Sentence RuBERT: A sentence encoder fine-tuned for the Russian language.

(b) ricardo-filho/bert-base-portuguese-cased-nli-assin-2: A sentence transformer

model specialized for Portuguese.

(c) snunlp/KR-SBERT-V40K-klueNLI-augSTS: A model adept at processing

Korean text.

14
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(d) HindBERT-STS: A HindSBERT variant tailored for Hindi.
(e) Sentence-CamemBERT-Large: A large-scale model for French text analysis.

It is imperative to note that our objective is not to train a multipurpose trans-
former model. Instead, our goal is to generate accurate text summaries for each
respective language. By leveraging these specialized models, I ensure that the
semantic nuances of each language are captured effectively, thereby producing

high-quality embeddings that are crucial for our summarization task.

This revision explicitly states the models used and justifies the choice of multi-
ple models over a single transformer, aligning with the goal of generating text
summaries. Remember to adjust the section number according to your paper’s

structure.

2. Embedding Generation: The chosen model generates high-dimensional vector

representations (embeddings) for each sentence.

3.2.3 Sentence Clustering

1. Clustering Algorithm Selection: I use K-means clustering to group sentence em-

beddings into semantically interconnected clusters.

2. Clustering Parameters: The number of clusters (k) is determined based on the

desired summary length using the formula:

len(text)
k = max <1 , T)
percent

3. Clustering Execution: The algorithm groups sentences into clusters by calculat-

ing Euclidean distances, determining cluster centroids, and assigning each point

to the nearest centroid.

15
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3.2.4 Summary Generation

1. Representative Sentence Selection: For each identified cluster, I select a repre-
sentative sentence which have the minimum distance from the centroid of it’s

cluster. It encapsulates the core information within the cluster.

2. Summary Ordering: Once representative sentences are chosen for each cluster,
I order them based on their original appearance in the document. This ensures
that the final summary preserves the chronological flow of information from the

source text.

3.2.5 Hardware

Component Specification

Processor Intel Core i7 (8th gen or later) or AMD Ryzen 7 (or equivalent)
Memory At least 16GB DDR4 RAM

Storage At least 256GB SSD

Graphics NVIDIA GeForce GTX 1060 or higher (if using GPU acceleration)
Operating System | Linux (Ubuntu 18.04 or later), Windows 10, or macOS Catalina or later
Network High-speed internet connection

Table 3.1: Recommended Hardware Specifications

3.2.6 Software and Libraries

The implementation of our multilingual text summarization algorithm relies on sev-
eral Python libraries, each serving a specific purpose in the pipeline. Here is a list of

the main libraries and their roles:

* Natural Language Toolkit (NLTK): NLTK is a leading platform for building
Python programs to work with human language data. I use it for sentence tok-
enization, which is the process of dividing a string of written language into its

component sentences.

16



Aditya Sadhukhan (MCA244037)

¢ Pandas: Pandas is a software library for data manipulation and analysis. I use it

for handling and manipulating our dataset effectively.

¢ Sentence Transformers: Sentence Transformers is a Python framework for state-
of-the-art sentence, text and image embeddings. I use it for generating high-

dimensional sentence embeddings.

o KMeansClusterer from NLTK: I use the KMeansClusterer class from NLTK for

clustering sentence embeddings into semantically interconnected clusters.

¢ NumPy: NumPy is a library for the Python programming language, adding sup-
port for large, multi-dimensional arrays and matrices, along with a large collec-
tion of high-level mathematical functions to operate on these arrays. I use it for

handling numerical operations efficiently.

* Pickle: Pickle in Python is primarily used in serializing and deserializing a

Python object structure. I use it for saving and loading our models.

* os and json: These are built-in Python libraries used for interacting with the

operating system and handling JSON data respectively.

* Rouge: ROUGE, or Recall-Oriented Understudy for Gisting Evaluation, is a set
of metrics used for evaluating automatic summarization of texts. I use it for

evaluating the quality of our generated summaries.

* Matplotlib and pandas.plotting: These libraries are used for creating static, an-
imated, and interactive visualizations in Python. I use them for visualizing our

results and creating plots.

All these libraries are open-source and can be easily installed via pip, Python’s
package installer. The specific versions of these libraries used in our project will be

mentioned in the appendix for reproducibility.
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3.3 DATASET

The dataset utilised in this study is the WikiLingua[16] dataset. This dataset is a rela-
tively new addition to the field of Natural Language Processing (NLP) and is specifi-
cally designed for the evaluation of cross-lingual summarization systems. It is derived
from WikiHow, a popular online platform known for its how-to guides, and contains

over 770,000 article and summary pairs in 18 different languages.

The novelty of our work lies in the use of this new dataset. The WikiLingua dataset
has not been extensively explored in the research community, and our work con-
tributes to the growing body of research on this dataset. By working with this dataset,

I am able to provide valuable insights and benchmarks for future works.

For the purpose of this study, I focused on five languages: Russian, Portuguese,
Korean, Hindi, and French. These languages were chosen to demonstrate the versatil-
ity and robustness of our proposed method. The number of parallel article-summary
pairs with English for these languages in the WikiLingua dataset are as detailed in

Table I[16].

Our work with the WikiLingua dataset is significant as it allows us to test our al-
gorithm on a diverse range of languages and text types. This diversity is crucial for
developing a truly multilingual text summarization system. Furthermore, our suc-
cessful application of the algorithm to this dataset demonstrates its effectiveness and

potential for real-world applications.

Table 3.2: Number of Parallel Pairs for Different Languages

Languages | No. of Parallel Pairs
Russian 52,928
Portuguese 81,695
Korean 12,189
Hindi 9,929
French 63,692
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4 | EVALUATION AND RESULT

In our study, we use the ROUGE(Recall-Oriented Understudy for Gisting Evalua-
tion) score to evaluate our multilingual text summarization model. We calculate these
scores for each language and average them to assess the model’s performance across
various languages which is show in the Table II. This method ensures our model’s ef-

fectiveness across a wide range of languages.

4.1 ROUGE Scores

4.1.1 Definition

ROUGE, or Recall-Oriented Understudy for Gisting Evaluation, is a set of metrics
used for evaluating automatic summarization of texts, especially in the task of extrac-
tive summarization. It works by comparing an automatically produced summary or

translation against a set of reference summaries (typically human-produced).

4.1.2 Why ROUGE is used in evaluating text summaries

ROUGE is used because it’s an n-gram based method and is simple to understand,
implement and has been shown to correlate reasonably well with human evaluations.

It provides a quantitative measure of the quality of the summary.

4.1.3 Detailed Calculation

The most commonly used forms of ROUGE are ROUGE-N, ROUGE-L, and ROUGE-S.
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* ROUGE-N: This measures the overlap of N-grams between the system and ref-
erence summaries. For example, ROUGE-1 refers to the overlap of unigram

(each word) between the system and reference summaries. It is defined as:

Ls €References Zgramn €S Countpatch (gramn )
R; = C
Ys €References Zgramn €S Ount(gr am,, )

where County,icn (gram,,) is the maximum number of n-grams co-occurring in a

candidate summary and a set of reference summaries.

* ROUGE-L: This measures the longest matching sequence of words using longest
common subsequence (LCS) based statistics. LCS does not require consecutive
matches but in-sequence matches that reflect sentence level word order. The LCS

score is given by:

 YseReferences LCS(candidate summary, S)

R;
ES €References length ( S )

* ROUGE-S: This measures the skip-bigram overlap, where skip-bigram is any

pair of words in their sentence order, allowing for arbitrary gaps.

41.4 Results

Table 4.1: ROUGE Scores for Russian Summaries

ROUGE-1 | ROUGE-2 | ROUGE-L
R 0.32 0.2 0.32
P 0.2 0.04 0.2
F 0.24 0.07 0.24

Table 4.2: ROUGE Scores for Portuguese Summaries

ROUGE-1 | ROUGE-2 | ROUGE-L
R 0.54 0.22 0.43
P 0.32 0.15 0.30
F 0.40 0.18 0.36
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Table 4.3: ROUGE Scores for Korean Summaries
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ROUGE-1 | ROUGE-2 | ROUGE-L
R 0.3 0.11 0.3
P 0.27 0.1 0.27
F 0.28 0.1 0.28

Table 4.4: ROUGE Scores for Hindi Summaries

ROUGE-1 | ROUGE-2 | ROUGE-L
R 0.3 0.14 0.25
P 0.2 0.1 0.14
F 0.25 0.12 0.18

In the context of ROUGE scores for text summarization, 'R’, 'P’, and 'F’ are used in

Table II to denote the following:

* R (Recall): This is the proportion of relevant instances that were retrieved, com-
pared to all relevant instances. In the context of text summarization, it would
be the proportion of relevant words in the reference summary that appear in the

generated summary.

* P (Precision): This is the proportion of retrieved instances that are relevant. In
text summarization, it would be the proportion of words in the generated sum-

mary that are also in the reference summary.

* F (F1 Score): This is the harmonic mean of precision and recall, and gives a
combined measure of the two. It’s particularly useful if you want a balance

between precision and recall.

These metrics are commonly used in Natural Language Processing tasks like text
summarization to evaluate the performance of the models. They provide a quanti-

tative measure of the quality of the summaries generated by the model. The values

Table 4.5: ROUGE Scores for French Summaries

ROUGE-1 | ROUGE-2 | ROUGE-L
R 0.64 0.29 0.41
P 0.29 0.21 0.31
F 0.39 0.24 0.36
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range from 0 to 1, with 1 indicating perfect precision, recall, or F1 score.

ROUGE Scores for Different Languages

Russian
Portuguese
Korean
Hindi
French

Scores
o
=
EEEN

e
e

ROUGE-1R ROUGE-1P ROUGE-1F ROUGE-2R ROUGE-ZP ROUGE-2F ROUGE-LR ROUGE-LP ROUGE-LF

Metrics

Figure 4.1: Comparison of ROUGE scores among focused languages

Comparison of ROUGE Scores for Different Models in Russian

Random
30 TextRank

Lead 3

Pointer Generator
25 W-BERT

Oracle

20 Proposed Method

Random TextRank Lead_3 Pointer Generator M-BERT Oracle Proposed Method

Figure 4.2: Baseline comparison graph for Russian

1. Language specific analysis: Our model performed better for Portuguese and
French compared to Russian, Korean, and Hindi due to factors like linguistic

differences and data availability.

2. Qualitative evaluation: We use both ROUGE scores and qualitative evaluations

of the summaries to assess our model’s effectiveness.

3. Baseline Comparison: Our models outperformed various baseline summariza-

tion methods across multiple languages. These baselines include:
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Comparison of ROUGE Scores for Different Models in French

B Random
40 M TextRank
M Lead 3
35 W Painter Generator
M-BERT
30 QOracle
Proposed Method
25
20
15
10 - .
5
0 Random TextRank Lead_3 Pointer Generator M-BERT Oracle Proposed Method
Figure 4.3: Baseline comparison graph for French
Comparison of ROUGE Scores for Different Models in Portuguese
50 W Supor
M ClassSumm
W SABio-GR
0 SABio-EB
From-Top
TF-ISF-Summ
W GistSumm
30 W NeuralSumm
W Random order
M Proposed Method
20
10
o

Supor ClassSumm SABio-GR SABio-EB From-Top TF-ISF-Summ GistSumm NeuralSumm  Random order Proposed Method

Figure 4.4: Baseline comparison graph for Portuguese
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Comparison of Baseline and Our Scores

35 [l Baseline
M OurResult
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25
20
15
m -
5
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Figure 4.5: Baseline comparison graph for Hindi
Comparison of Baseline and Our Scores for Korean
0.3 M Baseline
M OurResult
0.25
0.2
015
0.1
- --
0

ROUGE-1 ROUGE-2

Figure 4.6: Baseline comparison graph for Korean
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(a) For Russian and French: “MLSUM: The Multilingual Summarization Corpus”[17].

(b) For Hindi: “XL-Sum: Large-Scale Multilingual Abstractive Summarization

for 44 Languages”.

(c) For Portuguese: “SABio: An Automatic Portuguese Text Summarizer Through

Artificial Neural Networks in a More Biologically Plausible Model”[18].

(d) For Korean: “EFFICIENT KOREAN TEXT SUMMARIZATION BASED ON
KEY PHRASE EXTRACTION"[19].

Despite Wikilingua being a new dataset, we used these works as our baselines

to establish a comparative framework for our models.

4.1.5 Output

Russian

OcTaBbTe OOWH KOHeL pJinHouM 10-20 cM cBobopgHo BuceTb C neBoro 6oka
Kopobku. OcTanbHyWw 4acTb NleHTh OCTaBbTe Ha KaTyWKe W MofoxuTe y
BEPXHEr0O Yyrna KOpOﬁKVI. Bo3bMuTE NEHTY Ha KaTyllke W NpOTAHUTE €€ 3a
BEPXHUM MpaBbLIM YrOM W BHWM3 K HUXHEMYy npaBoMmy yrny. bonbWuM nanbuem
npuoepxuBaTe NeHTYy Y BepxHero nesoro yrna, 4tobbl oHa He COCKONb3HYyNa.
MeTnn BOKPYr KOPOOKM OONXKHL flexaTb KpacMBO WU MNOTHO U He COCKanb3biBaTb
c yrnoe. Ceiyac xopowo 6bino 6bl BHPOBHATHL MONIOXEHWE NEHThl Ha KaxXdoM M3
yrnos. EcnuM KaweTcsd, 4TO NeHTa COCKanb3biBaeT, NOATHAHUTe ee fOanblie OT
yrnoe. Bo3bMuTe oba KoHU@ feHThl W nepeMecTUTe UX K LEHTPY BepxHero
nesoro yrna. CpaBHWTEe fleHTY Ha KaTylWKe C OPYrWM KOHLOM NeHTbl, WU
oTpexbTe, 4YT0Obl KOHUbI MOSYYUIUCL OOMHAKOBOW OJIMHbI. HakKuMHbTE NeBbid KOHeL
CHaYana Hafg nNpaBoW NeHTOW, a noToM — nog Hel. MoTaHUTe 3a oba KOHUa M
3aTAHMTe y3en. Cnoxnte obe neHTH NeTeflbkaMuM M NEPEKWHbLTE MpaByw 4Yepes
NeByw: TakK Xe, KakK 3aBA3biBaeTe WHypku! Korpa 6aHTuMK OymeT HagexHo
3aBfA3aH, OTpexbTe JIMWHIK OUHY NeHTbl Ha KOH4YMKax. [N KpacoTbl MOXHO
oTpe3aTb NeHTb Nof YrnoM Win GuUrypHsIMA HOXHULaMu

Figure 4.7: Russian Document
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OcTaBbTe OOWH KOHeL, OJiMHoW 10-20 cM cBobopgHo BuUceTb C neBoro boka
Kopobku OcCTanbHYKW 4acTb JIeHTbH OCTaBbTe Ha KaTyWKe W Monoxute y
BepxHero yrna kKopobku bonbwmMM nanbuemM MpUOepxuBanTe JIEHTY VY
BEepxXHero neeBoro yrna, 4tobbl oHa He COCKO/Ib3Hyna Bo3bMuTe o0ba KoHua
NeHTbl U NepeMecTUTe UX K LEeHTPY BepxHero neeBoro yrna [loTaHUTe 3a
oba KOHUa W 3aTAHUTe y3en [N KpacoTbl MOXHO OTpe3aTb NIeHTH nof
YyrnoM wnu ¢QurypHsiMM HOXHULLAMU

Figure 4.8: Generated summary for Russian document

Portuguese

Vocé precisard de quatro pedagos de fita que sejam longos o suficiente para enrolar a caixa no
sentido do comprimento com mais uma sobra de 5 cm. Para um visual diferente vocé pode usar dois
pedacos de fita fina e dois de fita ligeiramente mais largos. Vocé tamhém pode usar duas cores
contrastantes. Fita grossa e/ou armada ndo funcionam bem. Use fita fina de cetim ou gorguréao
para obter melhores resultados. Use a mesma fita da etapa anterior. Desta vez, corte a fita
longa o suficiente para que possa envolver a caixa na largura com uma sobra de 5 cm. Pegue as
quatro fitas compridas e coloque-as na mesa. Certifique-se de que eles estejam paralelas entre
si e espacadas no maximo 0,6 cm de distancia. Alterne as fitas se elas forem de larguras e/ou
cores diferentes. A caixa pode ser centralizada ou néo, dependendo de como vocé quer posicionar
as fitas. Embrulhe e prenda as fitas, uma de cada vez. Ndo prenda todas de uma vez. Puxe as
fitas firmemente em volta da caixa para que elas fiquem bem esticadas. As pontas da fita véo se
sobrepor cerca de 2,5 cm. Vocé deve colar a fita de cima na fita de baixo e ndo na caixa em si.
Vocé também pode usar circulos de cola transferivel (encontrados no setor de scrapbooking de uma
loja de artesanato) ao invés de fita dupla face. Coloque um pedaco de fita dupla face no fim de
cada fita curta. Organize as fitas logo acima do primeiro pedago de fita longa, deixando as
pontas perpendiculares a ela. Mais uma vez, mantenha as fitas espagadas no maximo 0,6 cm de
disténcia. Puxe as fitas curtas para a frente da caixa. Entrelace a primeira por cima e por
baixo do primeiro conjunto de fitas. Entrelace a préxima fita por baixo e por cima e assim por
diante. Continue o movimento até que todas as quatro fitas estejam entrelacadas. Vire a caixa
novamente. Prenda um pedaco de fita dupla face na ponta de cada fita e pressione cada lag¢o na
parte de tréds da caixa. Certifique-se de que as pontas das fitas estdo certas. Para ficar ainda
mais bonito, entrelace as fitas finas através das malores na parte de tréas, da mesma forma como
vocé fez na frente. As fitas entrelacadas fazem parte do visual. Se achar que ainda falta algum
toque, vocé pode comprar ou fazer um lago que combine e prendé-lo na caixa. N&o esconda o seu
trabalho. Coloque o lago para o lado para que o entrelace ainda aparecga.

Figure 4.9: Portuguese Document

Vocé precisara de quatro pedacos de fita que sejam longos o suficiente para
enrolar a caixa no sentido do comprimento com mais uma sobra de 5 cm Use
fita fina de cetim ou gorgurdo para obter melhores resultados Alterne as
fitas se elas forem de larguras e/ou cores diferentes Organize as fitas
logo acima do primeiro pedaco de fita longa, deixando as pontas
perpendiculares a ela Mais uma vez, mantenha as fitas espagadas no maximo
0,6 cm de distadncia Prenda um pedaco de fita dupla face na ponta de cada
fita e pressione cada lago na parte de tréds da caixa N&ao esconda o seu
trabalho Coloque o lago para o lado para que o entrelace ainda apareca',

Figure 4.10: Generated summary for the Portuguese input text
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Korean

YEHE PG Y2 Mol AR . vlolag Wolits] ol U5 Bk Y5Aol 3-6 AT B ol A olEnt . 7.5 om ol
269122 29 WL AZHE 0| 7 Frk . ofol23Ug AR P Yo USolEF, T UL LA B0 20-30 £ 5% gol
21 €} ololATBE AN FEASUAE K ofo| A0l 2ol L2 ulrial o S -4 wEET . F7] Zrol ek 52 ololaTeo]
cElFIL Ak, obAofolaT e W Aol Yoi27] R3] Haect

Figure 4.11: Korean Document
Hjo] A5 7EE01F7] Mol Y5 8715 YEA 3-6 Al Fet dojA ahA| tHEolEt

Figure 4.12: Generated summary for the Korean input text

Hindi

! R & IR ghel I Tewd Tt A e il oeTg & IRI IR eiden & fag wafa &, | & erfifs 2 g9 (57, ‘08 ddHI®R)
RE | e g & oy, = ude ReT Hgae, R 5ok dle ReT & ¢hs I0 IR T & | TP A1 3 HERT Fer DT UGN IR
Hpd & | A A7 TS R U 30T e TE & | 98R Tl & Ay Udelt e a1 e e 37 SuN @Y | gl et Yoo &l oNE &
ReT PSR e | TR, ReT B G &ieT BIC d1h SHDT ST O dleTS & TA-A1Y 2 9 (5’7, ‘08 AcHR) s & IRl 3R
FUCHD | AR T R of, IR ITECTA W TN AR W | YT o 5 d 1op-gR S ¥R 8 iR % §9 (07, ‘64 ASHIER) F
3R arfes R 72T & | Afe s R <terg o1 T o SwE R 8, Y S &9 | I eR W | Red W five a1 -3 [ |
Sfer Y Ter # AT I -Hew W F wad &, gg R o & o e die w Re @l o e € | g R At Re eid 3k ew o
@ IR A ff ReF preg T o | Rae o dfaa & aRI 3R gl Wi fores 98 e A R AT g w | Rea & RRamer1 g9
(27, '54 ¥HR) T@ t@-TR B AT IR | e 7 5 370 Faet S R @ dfed Red mu av R E; Re ot dfew men A
AN | 3N SaA-HIZS U P oI o S (TE YD U 3N WS HITE DI ¥R & ThugehT olige 7 e ITET) BT SN ax Hadl & |
T BIC R & 37 3 gool- Ises ¢U &6l U Ugl ot | Ree @I ugel, ofd Res & o wu) oM, [ ag giead 8 o b g6
D 3D faudgaa & | IR R, RaTaru g9 |

Figure 4.13: Hindi Document

64 HEHeY) o 3R fdew gy el & | afd anu fafers diters an 9 a7 Iuan fpar 8, o1 96 e 9§ Il voR 7 | Rew ww five o
-GS V& | dfd BT Hex A AT M- Hex v ¥ g €, g ek e & 6 3y S ) Ree el e e € | U IR A v e
U ek e aw; v aR A it Red w1 e A an | R ot iy & IRy 3R Forgeht ¥ i o qg sew H iR e gen @ | Rem & AR
T L S|

Figure 4.14: Generated summary for the Hindi input text
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French

Positionnez-le de fagon a ce qu'il soit perpendiculaire aux cOtés du paquet. Lalssez dépasser
environ 10 a 20 cm sur un cdté pour que le neud ait des queues. Ne découpez pas encore le ruban.
Laissez-le relié au rouleaulxa®. Mieux vaut laisser dépasser trop de ruban sur le cOGté que trop
peu. Vous pourrez facilement couper le surplus a la fin. Faites passer le ruban sous la boite et
remontez sur le dessus. Ne retournez pas le paquet, car vous risqueriez de tout déplacer.
Soulevez-le simplement et faites passer le ruban par-dessous. Reposez la boite lorsque vous
ressortez de l'autre c6té\xa@. Faites remonter le ruban et ramenez-le jusqu'au milieu du dessus
du paquet. Ramenez 1l'extrémité courte pour le rejoindre et entortillez les deux sections l'une
autour de l'autre de maniére a les orienter vers les cOtés de la boite sur lesquels vous n'étes
pas encore passé\xa®. Si le ruban a un endroit et un envers, il faudra peut-étre l'entortiller
deux folis de facon a ce que l'endroit se voie\xa®. Passez a nouveau par-dessous avant de
remonter. Soulevez-la et faites passer la partie longue du ruban (celle qui est reliée au
rouleau) en dessous pour la faire ressortir de l'autre cO6té. Reposez le paquet\xa®. Posez votre
pouce sur la partie entortillée pour la maintenir en place lorsque vous faites le tour du
paquet. Ramenez la partie longue au milieu de la face supérieure du paquet. Placez-la contre
l'autre section et coupez-la de maniére a obtenir deux queues de méme longueur qui partent de la
partie entortillée. Faites passer le ruban par-dessus la partie entortillée en biais. Repliez-le
sous cette partie et faites-le ressortir au point ou il est passé par-dessus. Tirez sur les deux
extrémités du ruban pour bien le tendre\xa®. Pliez les deux sections du ruban pour former des
boucles. Faites passer celle de gauche par-dessus celle de droite de maniére a former une boucle
plus petite au milieu. Faites passer celle de gauche dans cette petite boucle et tirez sur les
deux cétés pour serrer le neud. Prenez le temps d'ajuster la longueur des boucles et des queues
du neud. Si vous avez utilisé un ruban avec des bords en fil de fer, vous pouvez également
sculpter les boucles pour leur donner du volume. Lorsque vous avez terminé, coupez le surplus
des queues. Pour un effet encore plus joli, vous pouvez les découper en biais ou en V\xa0

Figure 4.15: French Document
Ne découpez pas encore le ruban Faites passer le ruban sous la boite et remontez sur le dessus
Reposez le paquet\xa® Posez votre pouce sur la partie entortillée pour la maintenir en place
lorsque vous faites le tour du paquet Ramenez la partie longue au milieu de la face supérieure

du paquet Repliez-le sous cette partie et faites-le ressortir au point ou il est passé par-
dessus Pliez les deux sections du ruban pour former des boucles

Figure 4.16: Generated summary for the French input text
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5 | Discussions and Conclusions

5.1 Discussion

This study aimed to develop a multilingual text summarization system using sentence
transformers and clustering techniques. The system was designed to work with five
different languages: Russian, Portuguese, Hindi, Korean, and French. The choice of
these languages was intended to demonstrate the versatility and robustness of the

proposed method.

The novelty of my work lies in the use of the WikiLingua dataset, which is rela-
tively new and not extensively explored in the research community. my work con-
tributes to the growing body of research on this dataset, providing valuable insights
and benchmarks for future works. By working with this dataset, I were able to test
my algorithm on a diverse range of languages and text types. This diversity is crucial

for developing a truly multilingual text summarization system.

my approach demonstrated a significant improvement in the quality of summaries
across all five languages. This improvement is largely due to the effective use of
Sentence Transformers for generating high-dimensional sentence embeddings, which
capture the context and meaning of sentences effectively. This marks a notable con-
tribution to the field of automatic text summarization, particularly in a multilingual

context.

The ROUGE scores obtained in my evaluation provide a quantitative measure of

the quality of my summaries. The scores were generally high, indicating that my sum-
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maries were of good quality and closely matched the reference summaries. However,
there were some variations in the scores between different languages, suggesting that

the effectiveness of my method may vary depending on the language.

One potential limitation of my study is that I only tested my method on five lan-
guages. While these languages are diverse, they do not cover all the languages in the
world. Future work could extend my method to other languages to further test its

versatility.

Another potential limitation is that I used a single dataset for my evaluation. While
the WikiLingua dataset is large and diverse, it may not fully represent all types of text
that my system might encounter in real-world applications. Future work could test

my method on other datasets to further validate its effectiveness.

In conclusion, my study demonstrates the potential of using sentence transformers
and clustering techniques for multilingual text summarization. my method is capable
of generating high-quality summaries in multiple languages, making it a valuable tool

for a wide range of applications.

5.2 Future Work and Potential Improvements

While my multilingual text summarization system has shown promising results, there

are several areas where future work could lead to improvements:

* Support for More Languages: my system currently supports five languages. Ex-
tending support to more languages would make my system more versatile and
useful for a wider range of users. This would involve training Sentence Trans-
former models for additional languages and adapting the rest of my pipeline to

handle these languages.

¢ Use of Larger or Multiple Datasets: I used the WikiLingua dataset for my eval-
uation. Using larger or multiple datasets for training and evaluation could im-

prove the robustness of my system and make it more adaptable to different types
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of text.

¢ Improvements in Sentence Embedding: While Sentence Transformers have proven
effective for my needs, future work could explore other methods for generat-
ing sentence embeddings, such as newer transformer models or custom training

regimes.

* Refinements in Clustering: I used K-means clustering in my system. Other clus-
tering algorithms, such as DBSCAN or hierarchical clustering, could potentially
lead to better results. Additionally, more sophisticated methods for determining

the optimal number of clusters could improve the quality of the summaries.

¢ Better Evaluation Metrics: While ROUGE scores are a standard metric for eval-
uating text summaries, they are not perfect. Future work could explore other
evaluation metrics, such as BLEU or METEOR, or even user studies for a more

comprehensive evaluation.

¢ Post-processing of Summaries: my system currently outputs summaries as they
are. A post-processing step could be added to improve the grammatical correct-

ness and fluency of the summaries, making them easier to read and understand.

In conclusion, while my system has shown promising results, there is ample scope
for future work and improvements. I believe that my work provides a solid founda-

tion for these future efforts.

5.3 Conclusion

In conclusion, this paper presented an extensive exploration of multilingual text sum-
marization, focusing on Russian, Portuguese, Korean, Hindi, and French. my models
demonstrated superior performance in generating concise and informative summaries
across diverse linguistic contexts. Despite the challenges such as data unavailabil-
ity, quality of sentence transformers, sentence tokenization, and K-means clustering,

my research contributes significantly to the advancement of multilingual text sum-
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marization techniques. By addressing these challenges, I aim to create more effective
and inclusive summarization systems, thereby facilitating access to information and
bridging language barriers. This study underscores the potential of multilingual text
summarization in fostering a more interconnected and informed global community.

Future research in this dynamic field is indeed promising.
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