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Abstract

This thesis, titled presents an extensive study aimed at improving the efficacy of
language models in situations characterized by limited data resources, a prevalent
challenge in the field of natural language processing (NLP). The research empha-
sizes the development and refinement of data-efficient methods, which are essential
for enhancing the robustness and functionality of language models in environments

with scarce data resources.

At the heart of this thesis is the investigation of novel data augmentation ap-
proaches designed to enrich the training dataset. These include the creation of
synthetic data through advanced algorithms, which generate realistic and varied
linguistic examples to augment the training corpus without necessitating manual
data annotation. Additionally, the study introduces techniques for semantic data
transformation that modify existing data in semantically meaningful ways, thereby

exposing models to a diverse range of linguistic structures and contexts.

The research also addresses the utilization of these data augmentation methods to
improve language models’ resilience to overfitting, a frequent issue in low-resource
settings. By diversifying and enriching the training dataset, the models achieve
enhanced generalization capabilities, resulting in improved performance on new,

unseen data.

Further, the thesis explores the integration of these data augmentation techniques
with current NLP models, highlighting the synergistic advantages of combining
innovative data enrichment methods with cutting-edge language models. This in-
tegration not only increases model robustness but also broadens the models’ ap-
plicability to a more diverse array of languages and dialects, especially those with

sparse data.

xiii
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Moreover, in the era of Large Language Models (LLMs), this thesis explores algo-
rithms that leverage LLMs’ intrinsic abilities to comprehend and generate contex-
tually appropriate augmentations, thus enriching training data while maintaining

its quality.

The empirical results presented in this thesis demonstrate the effectiveness of the
proposed data augmentation techniques. These results reveal substantial enhance-
ments in model accuracy, resilience, and generalization across various NLP tasks,
including sentiment analysis, named entity recognition, part of speech tagging,

relation extraction, and task-oriented dialogue systems.

In summary, this thesis makes a significant contribution to NLP by introducing
innovative data-efficient methods that bolster the resilience of language models
in low-resource scenarios. The research findings and methodologies pave the way
for future studies in enhancing language model robustness, thereby expanding the
reach of NLP technologies to a broader spectrum of languages and applications.
The thesis concludes by identifying and discussing several promising avenues for

future research in this domain.
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Chapter 1

Introduction

The realm of artificial intelligence has witnessed a paradigm shift with the advent
and proliferation of deep learning [1]. At the core of this revolution are neural net-
work models [2, 3], intricate architectures composed of multiple layers of nonlinear
functions. These models, drawing inspiration from the biological neurons in animal
brains [4], have demonstrated unparalleled proficiency in modeling complex func-
tions and phenomena [5]. Their versatility and expressiveness have been pivotal
in their widespread application across various domains, including natural language
processing (NLP) [6], computer vision (CV) [7], speech recognition [8], and even
drug discovery [9]. Such expansive applications underscore the transformative im-
pact of these neural network models in the landscape of computational technology

and research.

The past decade has seen significant strides in computer hardware, particularly in
the application of graphic processing units (GPUs), enabling more efficient training
of large-scale neural models. These advancements have led neural model-based
methods to achieve state-of-the-art performance in a multitude of tasks. Unlike
traditional statistical methods, which rely heavily on manually crafted features
and rules [10, 11], neural models function as automatic feature extractors, adept
at distilling relevant information from complex datasets [12]. This shift towards
automation has redefined the approaches to information processing, making neural

models an invaluable tool in the arsenal of modern computing.

However, the high performance of neural models comes with its own set of chal-

lenges [13]. Their tendency to be over-parameterized makes them susceptible to

1
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overfitting, particularly when exposed to noise or irrelevant features [14]. This
over-parameterization necessitates a substantial volume of labeled training data
to optimize performance. The collection and annotation of such data is often a
resource-intensive process, both in terms of time and cost. This dependency on
large datasets poses significant hurdles in low-resource scenarios, where data avail-

ability is limited.

Recognizing this challenge, the research community has increasingly focused on
enhancing the robustness of neural models in low-resource settings [15]. Several
strategies have been proposed to mitigate the risk of overfitting, including the im-
plementation of various regularization techniques, the adoption of semi-supervised
learning approaches to utilize unlabeled data more effectively, and the application

of transfer learning to leverage knowledge from other datasets or tasks [16].

This thesis aims to contribute to this burgeoning field of study. We explore inno-
vative methods to enhance the robustness and efficiency of neural models, particu-
larly in the context of natural language processing under low-resource conditions.
Our objective is to develop techniques that enable these models to maintain high
performance with minimal reliance on extensive labeled datasets, thereby paving
the way for more accessible and sustainable applications in various domains. The
forthcoming chapters will delve into the specifics of these methods, their implemen-
tation, and the impact they promise in advancing the field of Al in low-resource

environments.

In the subsequent sections of this introduction, we will initially explore the driving
forces and goals behind our study (Section 1.1), followed by a brief overview of the
key achievements from our finished research projects (Section 1.2). To conclude,

the structure of this thesis will be delineated in Section 1.3.

1.1 Motivations and Objectives

As previously discussed, there is a wide array of strategies put forward in past
research aimed at decreasing dependence on extensive datasets and enhancing the
resilience of neural models in environments with limited resources [17]. These
strategies predominantly encompass techniques to minimize overfitting, as well as

semi-supervised and transfer learning approaches. Methods to mitigate overfitting
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can be further divided into categories such as data augmentation, label smoothing,
regulating model parameters, controlling hidden representations, hybrid methods,

among others.

Data augmentation has emerged as a notably effective method, particularly in the
realm of image processing[13]. Nonetheless, its application in Natural Language
Processing (NLP) poses greater challenges due to its vulnerability to noise and the
potential for even minor word replacements to alter an entire sentence’s meaning
[16]. Therefore, the development of more efficient data augmentation techniques
for NLP, especially for detailed tasks like sequence tagging, is urgently needed.
Moreover, as fine-tuning pre-trained neural models becomes increasingly standard
for various natural language and image processing tasks, new challenges arise in
enhancing the performance of these models in low-resource settings [18]. In this
thesis, we aim to tackle the following research questions (RQ) using the methods

we propose:

RQ1: What are effective ways to augment training data for sequence

tagging tasks while maintaining consistency in tokens and tags?

In the field of Natural Language Processing (NLP), particularly in specialized tasks
such as sequence tagging, the process of applying data augmentation proves to be
exceptionally challenging. This challenge largely stems from the high sensitivity
of these tasks to any form of noise or inconsistency. Traditional approaches to
data augmentation, including but not limited to back-translation [19], as well as
random processes of deletion, insertion, or substitution of words within sentences
[20], have shown better compatibility with tasks at the sentence level rather than
at the sequence tagging level. The reason for this is that these methods, when
applied to sequence tagging tasks, can lead to unpredictable and often undesirable

alterations in both the sequence and nature of the tags assigned to the data.

In the specific context of this research, detailed in Chapter 3, we delve into analyz-
ing the limitations and inadequacies inherent in these prevalent methods. More-
over, we put forth new and inventive generation-based techniques that are tailored
for sequence tagging. These novel methods primarily leverage advanced language
models. These models are adept at generating synthetic, yet realistically labeled,
sequences. This approach to data augmentation not only enriches the training

data with a greater diversity of examples but also addresses the critical issue of
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maintaining the integral consistency between tokens and their respective tags. By
integrating these innovative methods, we aim to substantially improve the qual-
ity and effectiveness of the training data used in sequence tagging tasks, thereby

enhancing the overall performance of models trained on such data.

RQ2: What are the advanced methods for creating a multilingual task-
oriented dialogue system that effectively integrates local entities and

context-specific nuances within the framework of global communication?

The advancement of task-oriented dialogue systems has predominantly concen-
trated on languages that have a wealth of resources [21]. This focus has led to
significant progress in these languages. However, an aspect that has not received
adequate attention is the localization of these systems in a multilingual context
[22]. The lack of exploration in this area has constrained the practical deployment
and effectiveness of multilingual task-oriented dialogue systems in diverse linguistic

and cultural settings.

In the realm of global communication, the incorporation of local entities and the
understanding of context-specific nuances are crucial for the successful operation
of these systems. The need for such systems to be versatile and adaptable in
handling various languages and dialects, each with their own unique characteristics

and cultural contexts, is more pressing than ever.

In Chapter 4, we delve into this under-researched area by examining the influ-
ence of local entities and cultural context on the performance and reliability of
multilingual task-oriented dialogue systems. We explore how these systems can
be optimized to recognize and respond to local specifics, such as regional language
variants, culturally relevant terms, and locally significant concepts, which are often

overlooked in the current models.

Moreover, we propose an innovative yet straightforward methodology for devel-
oping these systems. Our approach focuses on enhancing their ability to function
effectively in a multilingual and multicultural landscape, particularly in the context
of globalization. This involves creating systems that are not only linguistically di-
verse but also culturally sensitive, ensuring that they can operate efficiently across

different geographical regions and cultural backgrounds.
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By addressing these aspects, we aim to bridge the gap in the current understanding
and implementation of multilingual task-oriented dialogue systems, paving the way
for more inclusive and effective global communication. This research is expected
to contribute significantly to the field, offering new insights and practical strategies

for developing dialogue systems that are truly global in their reach and application.

RQ3: In what ways can advanced large language models (LLMs) funda-
mentally transform the methodologies and enhance the effectiveness of

data annotation processes across a wide range of sectors?

In the current landscape, the process of data annotation is heavily reliant on hu-
man input, making it both time-consuming and expensive. This reliance presents
significant challenges, not only for individuals but also for research institutions
and small-to-medium enterprises (SMEs) who may find the costs prohibitive [23].
Chapter 5 delves into an in-depth examination of how large language models can
be utilized as a tool for data annotation. This exploration includes a detailed com-
parison between the outcomes and associated costs of annotations performed by

LLMs versus those conducted by human annotators.

Moreover, this research broadens its scope to assess the versatility of LLMs in var-
ious specialized tasks where data annotation plays a pivotal role. These tasks in-
clude, but are not limited to, sentiment analysis, named entity recognition (NER),
relationship extraction, and the intricate process of aspect sentiment triplet extrac-
tion. By examining these areas, the study aims to provide comprehensive insights
into the potential of LLMs to not only streamline the data annotation process but
also to enhance its accuracy and efficiency across diverse domains. This exten-
sive exploration could pave the way for a new era in data annotation, marked by

increased automation and reduced dependency on human labor.

1.2 Main Contributions

In this section, we outline the key contributions our research makes to the ad-
vancement of robust methodologies in natural language processing, particularly in
resource-constrained environments. Our study introduces a comprehensive array

of solutions aimed at addressing the identified challenges, covering several aspects.
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Key among these are: the adoption of data augmentation strategies, the enhance-
ment of pre-existing language models for improved cross-lingual transfer learning,
the employment of advanced large language models in data distillation processes
to better utilize augmented data, and the fusion of modern neural network models
with traditional techniques to reduce reliance on extensive training datasets. These
innovative approaches not only tackle current issues but also establish a foundation

for subsequent research in this field.

1.2.1 Generation-based data augmentation methods for fine-

grained Information Extraction Tasks

In our research, we place a strong emphasis on the importance of diversifying
original training data as a vital tactic to reduce the risk of overfitting in machine
learning models. This is particularly crucial when addressing token-level Natural
Language Processing (NLP) tasks, such as sequence tagging. These tasks are
uniquely challenging due to their heightened sensitivity to any noise that might
be introduced during the data augmentation process. To address this, we have
diligently conducted comprehensive studies that delve into the nuances of data

augmentation specifically tailored for sequence tagging.

Chapter 3 unveils a cutting-edge data augmentation technique, designed specifically
for an array of sequence tagging tasks. This novel approach starts with an intricate
process of transforming both the sentence tokens and their corresponding labels
into a linearized format. This is achieved by placing each label directly before
its associated token. In doing so, the labels assume the role of modifiers in the
sequence. Following this reconfiguration, we engage language models trained on
these linearized label sequences. This training is vital as it enables the models to

grasp the underlying distribution of both tokens and labels within the data.

Once this understanding is established, our technique advances to the next phase,
which involves the generation of additional synthetic sequences. This is accom-
plished by utilizing a specially designated token at the start of each sequence. This
innovative methodology serves a dual purpose. Firstly, it significantly broadens the
variety of the training data, an essential step for enhancing the robustness of the
models. Secondly, it incorporates elements of a semi-supervised learning approach.

This is done by making use of unlabeled data as well as data that has been labeled
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through dictionaries. The inclusion of these diverse data types contributes to a

more comprehensive training process.

Our approach has demonstrated consistent and noteworthy improvements across
several key areas. These include Named Entity Recognition (NER), Part-of-Speech
(POS) tagging, and End-to-End Target-Based Sentiment Analysis (E2E-TBSA).
These improvements are a testament to the efficacy of our data augmentation

technique in enhancing the performance of models on these specific tasks.

To foster collaborative progress and transparency in the field, we have made the
source code of our innovative technique publicly accessible. Interested parties, re-
searchers, and practitioners in the field can access and utilize this code by visiting
our GitHub repository at https://github.com/ntunlp/daga.git. This open-source
initiative underscores our commitment to contributing to the collective advance-

ment of NLP research and development.

1.2.2 Developing a Task-Specific Multilingual Dialogue Sys-
tem Incorporating Local Entities and Contexts in a
Global Setting

Chapter 4 explores the intricate development of a specialized multilingual dialogue
system. This system is uniquely constructed to incorporate local entities and con-
texts while operating within a broader, global framework. Its primary objective
is to adeptly handle and react to a wide array of user queries. This capability is
especially beneficial in settings where having localized knowledge and the ability

to communicate in multiple languages is essential.

The essence of our approach is centered around devising a resilient model capable
of comprehending and generating replies in several languages. A critical aspect
of this model is its heightened sensitivity to local subtleties, specific entities, and
contextual details. The chapter places a particular emphasis on how local entities
and contexts are incorporated into the creation of this multilingual, task-oriented

dialogue system, aimed at serving global purposes.

To bring this vision to fruition, we adopt a combined approach, leveraging cutting-

edge natural language processing methodologies alongside a sophisticated deep
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learning framework. Our system undergoes rigorous training with an extensive
dataset that includes a variety of languages and regional dialects. This dataset
is further enriched with an ample amount of localized content, ensuring the sys-
tem’s proficiency in language translation and in the nuanced understanding and

integration of local cultural and contextual factors.

The preliminary outcomes of our research show a notable improvement in the
system’s proficiency to offer precise and contextually appropriate responses in a
multilingual environment. This indicates the system’s considerable potential as a
valuable asset in global applications where local relevance is paramount. Through
this chapter, we aim to provide a comprehensive understanding of the processes
and strategies involved in building such a system, highlighting its effectiveness and

the technological advancements that make it possible.

In our continued efforts to drive collective innovation and maintain openness in our
research endeavors, we are pleased to announce that the source code for our cutting-
edge methodology is now openly available to the public. Enthusiasts, scholars, and
professionals in the relevant field are encouraged to explore and employ this code,
which can be found on our GitHub repository at https://github.com/Bosheng2020
-/globalwoz. This move towards open-sourcing is a testament to our dedication
to fostering the ongoing growth and progress in the realm of NLP research and

application.

1.2.3 Utilizing Large Language Models for Enhanced Data

Labeling in Natural Language Processing Tasks

Chapter 5 of our study offers a comprehensive exploration into the innovative use
of Large Language Models (LLMs) for the purpose of automatic data annotation in
the field of Natural Language Processing (NLP). This chapter begins by outlining
the fundamental role of data annotation in NLP, highlighting its critical importance
in training effective and accurate NLP models. Traditionally, this process has been
labor-intensive and time-consuming, often requiring substantial human effort and
resources. However, with the advent of advanced language models, there is a

significant shift in how this task can be approached.
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We delve deeply into how state-of-the-art LLMs, with their sophisticated under-
standing and processing of natural language, are revolutionizing the way we handle
raw text data. These models are equipped to automatically annotate text data,
a task that traditionally required extensive human intervention. The chapter dis-
cusses the mechanisms through which these LLMs operate, elaborating on their

ability to interpret, analyze, and classify textual data with remarkable accuracy.

Further, the chapter investigates various methodologies employed in using LLMs
for data annotation. This includes the use of these models to annotate unlabeled
data sets as well as their ability to generate entirely new sets of labeled data. Such
approaches are particularly beneficial in scenarios where labeled data is scarce or

where the labeling process poses significant challenges.

An important aspect of this chapter is the discussion on the automation of the
data labeling process. By integrating LLMs into this process, we have observed
a substantial reduction in the time and resources traditionally required for data
annotation. This automation does not compromise the quality of the output; in

fact, it often enhances it, resulting in high degrees of label accuracy.

To validate these claims, we conducted a series of experiments focusing on four
fundamental NLP tasks: Sentiment Analysis, Named Entity Recognition (NER),
Relation Extraction (RE), and Aspect Sentiment Triplet Extraction (ASTE). These
experiments were designed to test the efficiency and accuracy of LLMs in anno-
tating data for these specific tasks. The results provide insightful data on the

effectiveness of using LLMs in various NLP scenarios.

The chapter concludes by discussing the broader implications of our findings. The
use of LLMs for data annotation not only streamlines the data preparation process
in NLP but also significantly improves the quality of the training data. This,
in turn, leads to the development of more robust and reliable NLP models. We
emphasize that this advancement in data annotation methods has the potential to
transform the landscape of NLP research and application, paving the way for more

advanced, efficient, and accurate NLP systems in the future.
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1.3 Thesis Outline

This thesis is meticulously designed to systematically delve into and significantly
contribute to the realm of natural language processing (NLP) and machine learning,
particularly focusing on environments where resources are scarce. The structure of
the thesis is such that it facilitates a thorough exploration of these fields. Chap-
ter 1, aptly titled ”Introduction”, sets the stage for the research by outlining the
central research problem and the specific settings within which this problem is sit-
uated. This chapter serves as the gateway to the thesis, providing the necessary
context and background for the ensuing discussions. In Chapter 2, ”Literature
Review”, the thesis builds a strong foundation by meticulously examining the ex-
isting body of research. This chapter is crucial as it not only reviews prior work
but also introduces key concepts and methodologies that are pivotal to the field of
NLP and machine learning. The comprehensive review presented in this chapter
ensures that the reader is well-equipped with the necessary background knowl-
edge to understand the innovative approaches and experimental techniques that
are discussed in the later chapters. Chapter 3, titled ” A Generation-Based Data
Augmentation Approach for Low-Resource Information Extraction,” marks a shift
towards more practical applications. In this chapter, an avant-garde technique is
introduced, which leverages the power of generative models to synthesize diverse
datasets. This approach is particularly beneficial for enhancing the performance
of information extraction systems in scenarios where data is limited, a common
challenge in low-resource settings. The focus then transitions in Chapter 4, ” De-
veloping a Task-Specific Multilingual Dialogue System Incorporating Local Entities
and Contexts in a Global Setting.” This chapter underscores the development of
a sophisticated multilingual dialogue system. The novelty of this system lies in its
ability to seamlessly integrate local specifics and nuances within a globally appli-
cable framework, addressing a critical need in the field of NLP. In the penultimate
chapter, Chapter 5, ”Utilizing Advanced Language Models for Enhanced Data
Labeling in Natural Language Processing Tasks,” there is an exploration of how
cutting-edge language models can revolutionize the data labeling process. Data
labeling is a fundamental step in machine learning and Al development, and this
chapter highlights how these advanced models can streamline and refine this pro-
cess, thereby contributing significantly to the field. Finally, the thesis culminates

with Chapter 6, ” Conclusions and Future Directions.” This chapter synthesizes the
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findings of the thesis and offers a reflective overview of the entire research. It not
only summarizes the key contributions made in each chapter but also casts a vi-
sion for future research directions in the field of Natural Language Processing. This
conclusive chapter ensures that the thesis not only provides a comprehensive un-
derstanding of the current challenges and advancements in managing low-resource
scenarios in Al and NLP but also sets the stage for future explorations in this

dynamic and evolving field.
Below are the summary for the following chapters:

Chapter 2: Literature Review

In Chapter 2, we delve into the existing literature and foundational concepts cru-
cial for understanding this thesis. We will explore various methods developed to
enhance neural model performance in scenarios with limited resources. This chap-
ter also includes an overview of pertinent tasks in natural language and image
processing, setting the stage for the methodologies and experiments discussed in

subsequent chapters.

Chapter 3: A Generation-Based Data Augmentation Approach for Low-Resource
Information Extraction

Chapter 3 presents an innovative generation-based data augmentation technique
designed to bolster information extraction in low-resource settings. This approach
leverages advanced generative models to create diverse and representative datasets,
addressing the challenges of data scarcity. We will demonstrate how this method
significantly improves the accuracy and robustness of information extraction sys-

tems, especially in languages and domains where data is sparse.

Chapter 4: Developing a Task-Specific Multilingual Dialogue System Incorporating
Local Entities and Contexts in a Global Setting

In Chapter 4, we focus on the development of a multilingual dialogue system tai-
lored to specific tasks, integrating local entities and contexts within a global frame-
work. This chapter details the challenges and solutions in designing systems that
can effectively operate across multiple languages and cultural contexts. We will
explore how incorporating local nuances enhances the system’s performance and

relevance in a globalized world.

Chapter 5: Utilizing Advanced Language Models for Enhanced Data Labeling in

Natural Language Processing Tasks
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Chapter 5 explores the use of cutting-edge language models to improve data la-
beling in various natural language processing tasks. We discuss the potential of
these models to automate and refine the data annotation process, thereby reducing
the time and resources required for manual labeling. This chapter highlights the
effectiveness of these models in generating high-quality, reliable labels, especially

in complex and nuanced linguistic scenarios.

Chapter 6: Conclusions and Future Directions

Chapter 6 integrates the various outcomes of this dissertation, presenting a con-
templative summation of the overall investigation. This chapter accomplishes more
than a mere recapitulation of the principal contributions identified in each seg-
ment; it also projects potential avenues for forthcoming inquiries within the realm
of Natural Language Processing. Serving as the final chapter, it guarantees that
the thesis delivers an exhaustive comprehension of both the existing obstacles and
progressions in handling scenarios of limited resources in Artificial Intelligence and
Natural Language Processing. Furthermore, it establishes a foundation for future

investigative pursuits in this rapidly changing and developing domain.



Chapter 2

Literature Review

In this section, we elaborate on pertinent background information and foundational
concepts that are crucial for grasping the subsequent segments of this thesis. Ini-
tially, we delve into prevalent methods designed to minimize overfitting, a common
challenge in model training. Following this, our focus shifts to the exploration of
semi-supervised learning and transfer learning. These approaches enhance model
efficacy by utilizing additional resources, including unlabeled datasets and training
materials from various domains or tasks. To conclude, this chapter provides an
in-depth examination of related tasks in natural language processing and image

processing, offering further insights into these critical areas.

2.1 Methods for Improving Generalization

2.1.1 Data Augmentation

Data Augmentation (DA) is a methodology employed in machine learning to en-
rich the diversity of training data sets without the necessity of acquiring additional
data. This is achieved through techniques that either create variations of the ex-
isting data or synthesize new data. The overarching aim of DA is to function as
a regularizing mechanism, contributing significantly to the reduction of overfit-
ting during the training of machine learning models. As elucidated by Shorten and
Khoshgoftaar in their seminal work [13], as well as by Herndndez-Garcia and Konig

[24], this approach is particularly widespread in the field of computer vision (CV).
13
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Within CV, common practices such as image cropping, flipping, and color adjust-
ments are fundamental to the model training process. Conversely, in the realm of
Natural Language Processing (NLP), where inputs are inherently more discrete,
the development of effective DA strategies that preserve essential invariances poses

a significantly more intricate challenge, as discussed by Feng et al. [25].

In the domain of NLP, despite numerous inherent challenges, a diverse array of DA
techniques has been conceptualized and implemented. These techniques span from
relatively straightforward rule-based manipulations, as noted by Zhang et al. [26],
to more sophisticated generative approaches, as explored by Liu et al. [27]. The
primary objective of DA in this context is to provide a viable alternative to the
costly and time-consuming process of collecting new data. The ideal DA method-
ology should not only be straightforward to deploy but also significantly enhance
the performance of the model, as indicated by Feng et al. [25]. Nevertheless, most
DA methods necessitate a trade-off between ease of implementation and effective-
ness. Rule-based approaches, while relatively simple to implement, often yield only
modest enhancements in model performance, as identified by Wei and Zou [20]. In
contrast, techniques that employ trained models, though potentially more complex
and costly to implement, can introduce a wider spectrum of data variations, poten-
tially leading to marked improvements in performance. Customizing model-based
techniques to specific downstream tasks can substantially influence performance,
yet such customization presents its own set of developmental and applicational
challenges. Furthermore, it is crucial that the distribution of augmented data nei-
ther closely mirrors nor greatly diverges from that of the original data. An overly
similar distribution can lead to overfitting, while a highly divergent one may result
in the model being trained on unrepresentative examples, ultimately yielding sub-
optimal performance. As such, devising effective DA strategies requires a careful
balance between maintaining similarity to and differing from the original data, as
underscored by Wei and Zou [20].

2.1.2 Active Learning

Active Learning (AL) is a methodology that prioritizes the optimization of model
performance while necessitating a minimal number of sample annotations [28].

This approach stands in stark contrast to Deep Learning (DL), a paradigm that
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is inherently data-hungry. DL requires a substantial volume of data to effectively
fine-tune its numerous parameters, thereby facilitating the extraction of enhanced
features. The recent proliferation of internet technology has catapulted us into a
data-rich epoch [29]. This deluge of data has significantly elevated the prominence
of DL, triggering a wave of rapid technological progressions. In comparison, AL
has not attracted as much attention as DL. This discrepancy can be traced back
to the era preceding the ascendance of DL, where traditional machine learning
methodologies did not demand a large number of labeled samples. Consequently,

the early developments in AL were somewhat overlooked.

Despite the impressive achievements of DL in various fields, largely propelled by
the availability of extensive, publicly accessible labeled datasets, the process of
gathering large volumes of high-quality annotated data remains a laborious and
often impractical task, especially in specialized domains such as speech recognition
[30], information extraction [31], and medical imaging [32, 33]. In light of these
challenges, the significance and utility of AL are increasingly being acknowledged.
The ability of AL to function effectively with fewer annotated samples makes it
particularly valuable in scenarios where acquiring annotated data is difficult or
resource-intensive [34]. This recognition marks a crucial shift in the landscape of
machine learning, highlighting the complementary roles of both AL and DL in
advancing the field.

2.1.3 Knowledge Distillation

Knowledge Distillation (KD) [35] represents a significant advancement in the field of
machine learning, particularly in the context of model efficiency and generalization.
This technique, centered around the concept of a smaller ”student” model learning
from a more extensive "teacher” model, aims to retain the student model’s man-
ageability while enhancing its performance [36]. The following paragraphs delve
into the intricacies of KD, encompassing its methodology, implications, and the

challenges it presents.

At the core of KD lies the principle of model compression and efficiency [37, 38].
This method is instrumental in shrinking the model’s size, where a less complex
student model is trained under the guidance of a more sophisticated teacher model.

The primary goal is to preserve the student model’s compactness while minimizing
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the compromise on its effectiveness. This approach is not only resource-efficient
but also makes advanced models more accessible for applications with limited com-

putational capabilities.

KD’s knowledge transfer process is classified into three distinct levels, each con-
tributing uniquely to the student model’s learning [39]. Firstly, universal knowledge
transfer occurs, often facilitated through label smoothing, acting as a regularizer.
Secondly, domain-specific knowledge is imparted, wherein the student model gains
insights into class relationships, notably at the logit layer. Lastly, individual in-
stance knowledge is transferred, allowing the student model to tailor its learning

to the intricacies of each specific event.

The mechanisms of knowledge representation and transfer in KD are diverse, mim-
icking various facets of the teacher model, such as its representation space, decision
boundaries, or intra-data relationships [36]. Some advanced KD techniques even
involve collaborative learning strategies among multiple student models, further

enriching the learning process.

Despite its evident success, KD poses significant challenges and open questions
[40]. Ome primary concern is identifying the exact locus of knowledge within neural
networks and devising optimal strategies for its transfer from the teacher to the
student model. This challenge underscores a fundamental gap in our understanding

of neural network operations and learning processes.

KD has demonstrated its ability to enhance learning efficiency, especially in the
face of challenges like label noise and class imbalance [41, 42]. It consistently
outperforms standard training methods, offering generalization gains that are cru-
cial for real-world dataset applications. However, the optimization of the student
model and the nature of the dataset used for distillation significantly influence
the effectiveness of KD. There is an interesting observation that a closer alignment
with the teacher’s predictive distributions does not necessarily translate to superior

generalization in the student model.

In conclusion, Knowledge Distillation emerges as a potent tool in model compres-
sion and enhancing the generalization capabilities of smaller models [43]. It employs
a multifaceted approach to knowledge transfer, spanning various levels of complex-
ity. While KD offers considerable benefits in model efficiency and performance, it

also presents unresolved challenges in optimization and knowledge transfer. These
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challenges play a crucial role in determining the student model’s capacity for effec-
tive generalization, highlighting the need for continued research and development

in this domain.

2.1.4 Regularization and Weight Decay

Regularization and weight decay are fundamental concepts in the field of machine
learning, particularly within the context of preventing overfitting in model training
[44, 45]. Regularization refers to the process of adding information or constraints
to a model to prevent it from fitting the noise in the training data. This is achieved
by introducing a regularization term in the loss function, which penalizes complex
models and thus promotes simpler solutions that may generalize better to new,

unseen data [46].
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FIGURE 2.1: Training curves illustrate the correlation between the quantity of
training iterations and both the training and test errors. The left side depicts
an idealized model, while the right side takes into account variations in the error
due to randomness in the stochastic gradient descent (SGD) updates.

Consider the training curves depicted in Figure 2.1, illustrating the correlation
between the number of training iterations and the training and test error. The
left side portrays an idealized version, while the right side takes into account error
fluctuations due to the stochastic nature of the Stochastic Gradient Descent (SGD)
updates.

Consequently, the overall cost can be expressed as E(f) = + SV L(y(x,60),t) +

R(#), where the first part represents the training loss and the second part, the
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regularizer. To illustrate, let’s assume a linear regression model is being trained
with two inputs, x1 and x2, which are identical in the training set. Although the
weights in Figure 5 yield identical predictions on the training set and are equivalent
in terms of minimizing the loss, Hypothesis A is preferable due to its anticipated
stability under changing data distributions. For instance, with an input of (x1 = 1,
x2 = 0) in the test set, Hypothesis A predicts 1, whereas Hypothesis B predicts -8,
with the former being more plausible. Ideally, a regularizer should favor Hypothesis

A by assigning it a lesser penalty.

One such regularizer is the L2 regularization, which, despite the terminology, cor-
responds to the squared L2 norm. For a linear model, this is defined as Rps(w) =
% Zle wjz. Here, A, sometimes referred to as the weight cost, is a hyperparameter.
L2 regularization tends to favor hypotheses with smaller weight norms. For exam-
ple, with A = 1, it assigns a penalty of 1 to Hypothesis A and 82 to Hypothesis B,
significantly favoring Hypothesis A. This regularization approach, which includes
both the training loss and the regularizer, motivates the training algorithm to seek
a balance between fitting the training data and the weight norms. L2 regulariza-
tion is easily extendable to neural networks by penalizing the sum of the squares

of all the weights across all layers.

Weight decay, a specific form of regularization, operates by applying a penalty on
the magnitude of the model’s weights, typically in the form of an L2 norm [47]. This
approach effectively constrains the weights, encouraging the model to distribute
importance across features more evenly and to avoid relying excessively on any
single feature. Both regularization and weight decay are critical in enhancing the
robustness and generalizability of machine learning models, ensuring they perform

well not just on the training dataset but also on new, external data.

Incorporating regularizers into stochastic gradient descent (SGD) computations is
relatively straightforward. Due to the linearity of derivatives, the partial deriva-
tive of E with respect to 6, can be broken down as shown in equations (4) to (8).
Particularly in the context of L2 regularization, this leads to an insightful inter-
pretation in SGD, where the weights are reduced by a factor of 1 — a in each

iteration, giving rise to the term ”weight decay.”

Regularization stands as a cornerstone concept in machine learning, with numerous

theoretical justifications [48]. Regularizers are often seen as penalizing a network’s
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“complexity” or favoring more “probable” explanations. These perspectives can be
formalized in certain idealized scenarios. However, they are challenging to precisely
define in the context of neural networks and fail to explain many observed practical
phenomena. Therefore, this discussion will not extend beyond the aforementioned

justification for weight decay.

2.1.5 Stochastic regularization

In recent years, a significant advancement in the field of neural networks has been
the incorporation of stochastic elements to enhance generalization capabilities. Un-
like the deterministic function computation in traditional network architectures,
the introduction of stochasticity can mitigate pathological behaviors and reduce the
tendency for overfitting [49]. This approach is commonly referred to as stochastic
regularization. Although this term does not imply the addition of a regularization

term to the cost function, it serves a similar purpose.

The most prevalent method of stochastic regularization is known as dropout [50].
The mechanism of dropout is straightforward: it involves deactivating each unit in
the network with a certain probability p (often set at 0.5), effectively setting its
activation to zero. This process is mathematically represented by multiplying the
activations with a binary mask variable m;, which randomly assumes values of 0
or 1, as shown in the equation h; = m;-$(2?). The backpropagation equations
are derived conventionally, taking into account the effect of the mask variable on

the activations.

Dropout is particularly effective because it biases the network towards certain
configurations over others, similar to the effect of L2 regularization. For instance,
when inputs have a 50% chance of being dropped out, configurations that would
otherwise exhibit high variance in their predictions (and consequently, higher error
rates on the training set) are less favored. This similarity with L2 regularization’s

objectives highlights the utility of dropout.

It is crucial, however, to manage the stochasticity during the testing phase to avoid
unpredictable outcomes. A naive solution of excluding dropout during testing can
lead to discrepancies, as the units would be exposed to double the amount of

incoming signals compared to the training phase. To counter this, the weight
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values are adjusted by a factor of 1 — p during testing, ensuring consistency in the

network’s responses.

Dropout has rapidly become an essential component in neural network training,
often resulting in considerable performance improvements even when combined
with other techniques [51]. Additionally, other forms of stochastic regularization,
such as batch normalization, have been introduced. While batch normalization is
primarily associated with optimization, it also offers regularization benefits. Inter-
estingly, the inherent stochasticity in stochastic gradient descent, typically viewed
as a limitation, can act as a form of regularization. Although the intricacies of
stochastic regularization are not fully understood, its continued utility in neural

network optimization is highly anticipated.

2.1.6 Ensemble Methods

Ensemble methods in machine learning, specifically in the context of neural net-
works, offer a robust approach to improve prediction accuracy [52]. The concept
hinges on the idea that combining the predictions of multiple networks trained in-
dependently can significantly reduce the variance in predictions, leading to a lower
overall loss [53]. This strategy effectively addresses the limitations inherent in using

a single model.

However, the ideal scenario of training each network on a separate, independently
sampled training set is often impractical. The alternative is to introduce variability
into the training process of multiple networks using the same dataset. This can be

achieved through several methods:

1. Bagging: Training each network on random subsets of the full training
dataset. This approach ensures that each network learns from a slightly dif-
ferent perspective of the data, simulating the effect of independent training

sets.

2. Diverse Architectures: Utilizing networks with varying structures—different
numbers of layers, units, or activation functions. This diversity ensures that

each network captures different aspects or patterns in the data.
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3. Different Models or Algorithms: Beyond varying architectures within
a similar model framework, employing entirely different models or learning

algorithms can introduce a higher level of variability.

The collection of models used for prediction is known as an "ensemble.” The ef-
fectiveness of ensembles is well-documented, as they often outperform individual
networks. This superiority is not just theoretical; it’s empirically observed in many
machine learning competitions, such as ImageNet and Netflix challenges, where en-

sembles are frequently the key to winning entries [54].

The theoretical underpinning for the superiority of ensembles, especially in cases
of convex loss functions, can be explained using a mathematical framework. If the
loss function L is convex with respect to the output predictions y, then the loss of
the ensemble’s averaged prediction is mathematically guaranteed to be lower than
the average losses of individual predictions. This is a direct consequence of the

definition of convexity:

LAy + -+ Avyn, t) < MLy, t) + -+ AnL(yn, t)

for \; > 0and >\, = 1.

It’s important to note, however, that this guarantee does not necessarily hold for
non-convex loss functions, such as error rates. Despite this, ensembles are still
highly effective in practice for a broad range of applications, offering a pragmatic
solution in scenarios where the loss function is not convex. The principle behind
this effectiveness is related to the Rao-Blackwell theorem from statistics, which
suggests that averaging over a set of estimators can lead to a more accurate overall

estimate.

In summary, ensembles represent a powerful strategy in machine learning, lever-
aging the strength of multiple models to achieve greater predictive accuracy and

robustness than individual models could achieve alone [55].
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2.2 Transfer Learning

In the modern era, the process of allocating resources for data acquisition has
become increasingly arduous. This difficulty arises from the scarcity of data, its
inaccessibility, the expense involved in obtaining it, and the complexity inherent
in its compilation. In response to these challenges, there has been a shift towards
exploring alternative methodologies for data collection. A particularly notable
strategy in this context is the concept of transferring knowledge between disparate
tasks. This strategy has been pivotal in fostering the growth of Transfer Learning
(TL), a paradigm specifically designed to refine the processes of data gathering and
learning in the field of machine learning (ML) [56]. Typically, ML algorithms are
engineered with the aim of predicting future occurrences, with a primary focus on
addressing specific tasks independently. Transfer Learning, however, deviates from
this conventional model by incorporating data from a ‘source task’ and applying
it to a ‘target task’. This method holds the potential for generating more effective

solutions [57].

The fundamental goal of TL is to enhance the understanding of a current task by
linking it to other tasks that may have been performed at different times, albeit
within a similar domain [58]. This linkage is critical in bolstering the learning
process, as it establishes a connection between the source task and the target task,
leading to more logical, expedient, and improved solutions. TL is designed to
provide a more effective mode of learning and interaction between the source and
target tasks, introducing a dynamic aspect of debate in the learning trajectory [59].
Additionally, TL is particularly advantageous in scenarios where the target task
suffers from a scarcity of training data. The strategic significance of TL extends
beyond its utility in the immediate task at hand, encompassing its applicability
across a variety of tasks. However, it is vital to recognize that the interaction
between the source and target tasks is not always beneficial. In instances where
the transference of test and training samples results in a deterioration of the target
task’s performance, this phenomenon is labeled as 'negative transfer’. Conversely,
when such transference leads to improved performance, it is known as a ’positive

transfer’.
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2.2.1 Cross Lingual Transfer

The aim of cross-lingual transfer lies in leveraging the extensive knowledge base
of high-resourced languages, such as English, to aid languages with limited / low
resources [60]. This endeavor is significantly facilitated by the use of both cross-
lingual contextual and static word embeddings, leading to commendable outcomes
in a variety of transfer tasks [61]. The technique of mapping static embeddings,
which is thoroughly investigated, hinges on the hypothesis that the embedding
spaces of different languages possess analogous structures. This approach includes
the alignment of these spaces via an orthogonal matrix, culminating in a unified
embedding space. Further advancements in this domain have seen the expansion of
this projection technique to encompass the alignment of contextual representations
as well [62].

However, the foundational assumption of isomorphism underlying this approach
has encountered skepticism, prompting an inquiry into alternative mapping method-
ologies, specifically those employing non-linear techniques [63]. Another significant
strand of research in this field is joint training. Initially, this research direction con-
centrated on the simultaneous acquisition of static word embeddings for multiple
languages. More recently, the focus has shifted towards the pretraining of cross-
or multi-lingual language models. Within the unsupervised domain, multilingual
language models have emerged, demonstrating noteworthy efficacy in the realm
of cross-lingual transfer. This evolution signifies a continuous exploration and
enhancement in the methodologies employed for cross-lingual linguistic resource

sharing and development.

The evolution of cross-lingual transfer techniques has been marked by a growing
emphasis on contextualized language models. These models, unlike static embed-
dings, capture the context in which words appear, leading to more nuanced and
accurate representations of language. This shift towards contextualized models re-
flects the broader trend in natural language processing towards deep learning-based
approaches. The efficacy of these models in cross-lingual transfer is evident in their
ability to handle subtleties and nuances in languages, which are often lost in static

models.

In addition to these technical advancements, there has been a growing recognition

of the importance of linguistic diversity in machine learning models. This has
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led to an increased focus on low-resource languages, which have traditionally been
underrepresented in language technology. The drive to include these languages is
not only a matter of fairness and representation but also enhances the robustness
and versatility of the models themselves. By training models on a diverse range of
languages, researchers are able to uncover and address biases and limitations that

might not be apparent when focusing solely on high-resource languages.

The intersection of cross-lingual transfer with other areas of machine learning,
such as transfer learning and domain adaptation, is also a rich area of exploration
[64]. Transfer learning techniques, which involve applying knowledge gained in
one domain to a different but related domain, have proven particularly useful in
cross-lingual settings. These techniques allow for the leveraging of large datasets
available in high-resource languages to improve performance in low-resource lan-
guages. Similarly, domain adaptation techniques help in adjusting models trained
on data from one domain (e.g., news articles) to perform well on data from a

different domain (e.g., medical texts) [65].

Moreover, there is an increasing interest in the ethical implications of cross-lingual
transfer. Questions about representation, bias, and the potential perpetuation of
inequalities through language technologies are gaining prominence. Researchers are
beginning to address these issues by developing more inclusive methodologies and
striving for transparency in their models. This includes the creation of guidelines
for ethical research practices in cross-lingual NLP and efforts to ensure that the
benefits of language technology are equitably distributed across different linguistic

communities [66].

In conclusion, the field of cross-lingual transfer is undergoing rapid and significant
transformations. The move towards more sophisticated, context-aware models,
coupled with a heightened awareness of ethical considerations and the push for
linguistic diversity, is shaping the future of language technology. As the field con-
tinues to evolve, it promises to bring forth innovations that not only enhance the
capabilities of machine learning models but also contribute to a more inclusive and

equitable technological landscape.
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2.2.2 Cross Domain Transfer

In earlier discussions, we delved into the concept of cross-domain transfer, an in-
tegral component of the transductive approach [67]. This approach is widely em-
braced in the realms of Natural Language Processing (NLP) and Computer Vision
(CV), where it plays a pivotal role in task execution. A quintessential illustration of
cross-domain transfer can be observed in the realm of sentiment analysis. Insights
derived from analyzing sentiments in movie reviews can be adeptly applied to the
evaluation of book reviews. This exemplifies the seamless application of knowledge

across different but related domains.

Another notable instance of cross-domain transfer is evident in the adaptation of
models originally crafted for the ImageNet database. These models are retooled for
specialized image classification tasks, demonstrating the versatility and adaptabil-
ity of cross-domain methodologies. In such instances, it is a common assumption
that the label sets for both the source (original) and target (new) domains re-
main consistent. This assumption forms the bedrock upon which strategies are
developed to extract and utilize domain-independent knowledge from the source
domain. Such strategies are instrumental in augmenting the effectiveness of the

model when applied to the target domain.

The concept of cross-domain transfer shares parallels with cross-lingual transfer.
In both cases, the overarching goal is to enhance performance in a new domain
by leveraging insights and methodologies from a different but related domain. To
achieve this, various techniques are employed. These include the alignment of
features, which ensures consistency and relevance of the features used in both
domains. Shared parameterization is another technique where parameters used in
models for one domain are applied to another, ensuring a certain level of uniformity
and efficiency in model performance. Finally, the weighting of instances or domains
plays a crucial role. This involves assigning different levels of importance or priority
to certain aspects or areas within the domains, thereby fine-tuning the model’s

focus and effectiveness.

However, it’s important to acknowledge the underlying assumptions and challenges
in cross-domain transfer. One such assumption is the consistency of label sets
across the source and target domains. While this assumption simplifies the transfer

process, it also imposes constraints on the applicability of transfer learning in
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scenarios where label sets differ significantly. This calls for innovative approaches

to manage such discrepancies and ensure effective transfer.

Moreover, the strategies employed in cross-domain transfer, such as feature align-
ment [68], shared parameterization [69], and instance or domain weighting [70],
are not just technical maneuvers but also represent a deeper understanding of the
nature of knowledge transfer [71]. Feature alignment, for instance, is about identi-
fying and leveraging commonalities in data representation across domains. Shared
parameterization speaks to the universality of certain model parameters, while in-
stance weighting addresses the nuanced differences between domains and how to

prioritize them.

These strategies are integral to the success of cross-domain transfer and highlight
the nuanced understanding required to implement this approach effectively. They
are not just about technical adaptation but also about conceptual adaptation -
understanding the core principles that govern data and models in different domains

and how these can be harmonically aligned for optimal performance.

The parallels between cross-domain and cross-lingual transfer further underscore
the universal applicability of these concepts [72]. Just as in cross-domain transfer,
cross-lingual transfer involves the application of knowledge from one language to
another. This is evident in tasks such as machine translation, where models trained
on one language pair are adapted for another. The underlying principles remain
the same - leveraging existing knowledge and methodologies to achieve efficiency

and effectiveness in a new domain.

In conclusion, cross-domain transfer is a cornerstone of modern Al, pivotal in driv-
ing forward the fields of NLP and CV among others [73]. Its relevance extends be-
yond mere technical application; it represents a paradigm shift in how we approach
problem-solving in Al. By embracing the principles of adaptability, scalability, and
efficiency inherent in cross-domain transfer, we can continue to push the bound-
aries of what AI can achieve, making it more versatile, effective, and accessible

across various domains and applications.
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2.3 Zero-shot and Few-shot Learning

2.3.1 Zero-shot Learning

Zero-shot learning is a method that employs a collection of labeled training in-
stances within a particular feature space [74]; these instances are identified as the
seen classes [75]. Concurrently, within the same feature space, there is a set of un-
labeled test instances [76]. These instances correspond to a distinct set of classes,
which are referred to as the unseen classes. The nature of the feature space in
zero-shot learning is typically constituted by a space of real numbers. In this con-
text, each instance, whether labeled or unlabeled, is depicted as a vector situated
within this numerical space. A fundamental assumption in zero-shot learning is
the notion that each instance is exclusively associated with a single class, negating

the possibility of multi-class affiliation for any given instance [77].

Definition 2.3.1 (Zero-Shot Learning). Let Dtr be a set of labeled training in-
stances corresponding to seen classes S. Zero-shot learning refers to the process of
devising a classifier f,(-) : X — U, which is trained on Dtr and capable of clas-

sifying test instances Xte (i.e., predicting Yte) that belong to the unseen classes

Uu.

Based on the provided definition, we understand that zero-shot learning primarily
focuses on utilizing the knowledge from training instances, denoted as Dy, for the
purpose of classifying test instances. This approach is distinct because it involves
non-overlapping label spaces in training and testing phases. Essentially, zero-shot
learning is a specialized branch of transfer learning, as referenced in [114, 115].
Transfer learning involves transferring knowledge from a source domain and task
to a target domain to develop a model for the target task, as mentioned in [114,
115].

As per sources [23, 114], transfer learning can be divided into two types: homoge-
neous and heterogeneous, depending on the similarity of feature and label spaces
in the source and target domains/tasks. Homogeneous transfer learning maintains
the same feature and label spaces, whereas heterogeneous transfer learning deals
with different feature and/or label spaces. In the context of zero-shot learning, the

feature space for both training (source) and testing (target) instances is identical
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and denoted as X. However, the label spaces differ: the source label space com-
prises the seen class set S, and the target label space includes the unseen class set
U. Therefore, zero-shot learning falls under the category of heterogeneous trans-
fer learning, specifically a type that features different label spaces, abbreviated as
HTL-DLS [78].

Numerous methods have been developed for HTL-DLS, often under scenarios where
some labeled instances are available for the target label classes, as discussed in
[79]. However, zero-shot learning is unique in that it lacks labeled instances for the
target label space classes (unseen classes), setting it apart from other problems in
HTL-DLS [80].

2.3.2 Few-shot Learning

Few-Shot Learning (FSL) draws inspiration from the remarkable logical and ana-
lytical capabilities of humans and is frequently utilized in edge computing scenarios
[81]. This concept revolves around the idea of a computer program enhancing its
effectiveness in specific tasks and measurements through a modest amount of learn-
ing experiences. Notably, these learning experiences in FSL are quite limited [82].
This approach mirrors how human cognitive skills relate to distinct memory sys-
tems as highlighted by current neuroscientific studies. These systems include the
gradual learning process in the neocortex and the rapid learning mechanism in the
hippocampus, which correlate with FSL’s slow, data-oriented learning and quick,

feature-focused learning [83].

To fully comprehend FSL, it’s essential to understand two principal concepts: the
N-way-K-shot dilemma and cross-domain FSL [84]. The N-way-K-shot issue is a
fundamental challenge in FSL, characterized by a limited training dataset, known
as the support set, that serves as a reference during a testing phase. The query set,
where predictions are made, encompasses categories not encountered in the support
set. In a standard N-way-K-shot setting, the support set includes N categories, each
with K instances, making up a total of N*K instances. Thus, N-way-1-shot refers to
one-shot learning, while N-way-0-shot indicates zero-shot learning. Cross-domain

FSL, evolving from the principles of transfer learning, entails applying insights
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gained in one domain to another, often overcoming domain disparities. This fu-
sion of cross-domain elements with FSL principles marks a recent and complex

advancement in this area.

Due to restricted access to comprehensive datasets, Few-Shot Learning (FSL) is
typically dependent on a limited selection of examples [85]. This dependence often
results in biased estimations that don’t accurately represent the full spectrum of
data. This issue becomes particularly critical as it can negatively impact the accu-
racy of various tasks. To mitigate these challenges, several strategies are essential.
These include enhancing data through data augmentation techniques, delving into
the details of features within and between classes, and creating tailored images /

text to better approximate true data distribution [86].

Below are some key challenges and research problems in FSL:

e Sensitivity to Feature Reutilization: This aspect of FSL emphasizes the
accumulation of knowledge by leveraging extensive auxiliary datasets [87].
The methodology employs transfer learning techniques, wherein knowledge
from a primary, well-established domain is repurposed for a related, yet dis-
tinct target domain. This process typically involves pre-training for extract-
ing complex, high-dimensional features, followed by fine-tuning to make mi-
nor adjustments to the initial parameters. Although this strategy is effective
in enhancing the performance of specific tasks, it may encounter difficulties
in generalizing across diverse tasks. Moreover, there is a potential risk of neg-
ative knowledge transfer, particularly when there is a significant discrepancy

between the source and target domains.

e Adaptability to Future Tasks: Contrasting with transfer learning, meta-
learning in the context of FSL focuses on rapid adaptation from familiar
to novel tasks [88]. This approach involves the summarization of meta-
knowledge across a spectrum of tasks, thereby facilitating the efficient inte-
gration of future tasks. While meta-learning provides a comprehensive frame-
work for learning, its efficacy is somewhat constrained to scenarios where the
training and testing tasks bear resemblance. Challenges arise from its inflexi-
bility and the dependency on the underlying network architecture, which can

limit its applicability in diverse learning environments.
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e Limitations of Single-Modal Information in FSL: The dependence on
single-modal information in FSL presents obstacles in effective feature learn-
ing due to the inherent limitations in the information available [89]. Enriching
FSL with additional modalities, such as semantic assistance, can significantly
augment the learning process. This approach involves the introduction or
generation of semantic information, which serves as weak supervision. It en-
ables an adaptive classification strategy that works in conjunction with the
primary model, thereby enhancing the model’s ability to learn from limited
data through a more holistic understanding of the features and their rela-

tionships.

2.4 Pre-trained Langauge Models & Large Lan-
guage Models

2.4.1 Pre-trained Langauge Models

Since their initial development, Pre-trained Language Models (PLMs) [90] have
undergone substantial evolution, marking a significant shift in the field of Natural
Language Processing (NLP). This evolution began with the inception of ELMo,
a pioneering model that deviated from conventional static word representations
by introducing context-sensitive word representations [91]. Unlike earlier models
that treated words as fixed entities, ELMo employed a bidirectional Long Short-
Term Memory (LSTM) network, adding depth to the understanding of language
context. This model was distinguished by its two-phase training process: an initial

pre-training phase, followed by a task-specific fine-tuning phase [92].

Building upon ELMo’s foundation, the introduction of the Transformer architec-
ture marked a turning point in the field. The Transformer is celebrated for its
efficient parallel processing capabilities and innovative self-attention mechanisms,
which significantly enhance the model’s ability to understand language context.
This architecture set the stage for the development of BERT (Bidirectional En-
coder Representations from Transformers) [93]. BERT represented a leap forward
in the field by employing bidirectional training, which allowed for a more nuanced

understanding of language context. It achieved this by pre-training on a diverse
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range of large, unlabeled datasets using unique tasks designed to capture the intri-

cacies of language.

These advancements in context-aware word representations have substantially bol-
stered the performance of NLP tasks, leading to unprecedented improvements.
This progress has not only redefined the capabilities of language models but has
also ignited a wave of research in this domain. The ”pre-training and fine-tuning”
methodology, introduced by these models, has become a widely accepted and stan-
dard paradigm within NLP. In this approach, a PLM is first pre-trained on a
large corpus of data to understand language at a general level and then fine-tuned
for specific tasks, allowing for tailored applications across a spectrum of linguistic

challenges.

Following this trend, a multitude of studies have emerged, exploring various ar-
chitectural innovations and refinements. Models like GPT-2 [94] and BART [95]
are notable examples of this ongoing exploration, each contributing unique ele-
ments to the evolving landscape of PLMs. These models have continued the trend
of enhancing and refining the pre-training methods, further solidifying the signif-
icance of this approach. In essence, the paradigm of adapting a PLM to a wide
range of downstream tasks involves a meticulous process of fine-tuning, which is
pivotal in customizing the model’s capabilities to specific linguistic requirements

and applications.

2.4.2 Large Language Models

Recent studies in the field of artificial intelligence have unveiled a pivotal trend:
the augmentation of the data capacity in Pre-trained Language Models (PLMs)
markedly improves their efficacy across a diverse range of tasks. This trend is
exemplified by models like GPT-3 [96], which comprises an astounding 175 bil-
lion parameters, and PaLLM, which boasts an even more impressive 540 billion
parameters. These findings are in harmony with the principles of the scaling law,
a theoretical framework that suggests a direct correlation between the size of a

model and its performance capabilities [97].

In contrast to their more modestly sized predecessors, such as the 330 million-

parameter BERT and the 1.5 billion-parameter GPT-2, these expansive models
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display a range of unique behaviors and capabilities. Notably, they exhibit emer-
gent abilities in managing complex tasks that were previously unattainable by
smaller models [98]. A prime example of this is the proficiency of GPT-3 in exe-
cuting few-shot tasks through in-context learning, a feat that is notably challenging
for its predecessor, GPT-2 [96].

This leap in performance and capability has led to the coining of the term ”large
language models (LLMs)” to describe these high-capacity PLMs. This nomen-
clature underscores their distinction from smaller models and highlights their ad-
vanced abilities. The interest in these LLMs has surged within the research com-

munity, given their transformative potential in various applications.

One of the most notable implementations of LLMs is seen in ChatGPT, which
utilizes the GPT series’ LLMs specifically for dialogic interactions [99]. ChatGPT
stands as a testament to the advanced conversational abilities of these models,
demonstrating an ability to engage in human-like dialogues with a level of so-
phistication and nuance that was previously unachievable in earlier iterations of
language models. This advancement not only marks a significant milestone in the
field of natural language processing but also opens new avenues for research and

application in human-computer interaction.

2.5 Related Tasks and Techniques

2.5.1 Named Entity Recognition (NER)

Named entities are specialized phrases within a text that distinctly mark the names
of individuals, organizations, geographical locations, among others [100]. To illus-
trate, consider the sentence, ”U.N. official Ekeus is en route to Baghdad.” This
statement highlights named entities such as "U.N.” and "Ekeus.” The identification
and systematic classification of these entities into predefined groups form a crucial
aspect of extracting information from texts, a process known as Named Entity
Recognition (NER). NER plays a pivotal role in structuring unstructured data by

discerning and categorizing essential elements of information.

This task, however, presents significant challenges, primarily due to two reasons
[101]. First, there is a notable lack of sufficiently annotated datasets for NER
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purposes across numerous languages and domains. Such datasets are essential for
training and evaluating NER systems, but their scarcity hampers progress in this
field. Second, the restricted scope and variability of the available data pose a
substantial barrier to achieving extensive generalization. This limitation is partic-
ularly evident in the constraints surrounding the diversity of words that can be
recognized as named entities. These challenges necessitate innovative approaches
in NER research, focusing on enhancing data availability and expanding the range

of identifiable entities for more effective information extraction and analysis.

2.5.2 Part-of-Speech (POS) Tagging

Part-of-speech (POS) tagging is a critical process in computational linguistics
where each word within a sentence is assigned to a specific grammatical cate-
gory [102]. This task is a cornerstone for numerous operations in natural language
processing (NLP) systems. It plays a pivotal role in enhancing the efficiency and
accuracy of various NLP tasks, such as syntactic parsing, which involves analyzing
the syntax of a sentence, and sentiment analysis, which focuses on determining the

emotional tone behind a body of text.

In recent times, the field has witnessed significant advancements in POS tagging
technologies [103]. Contemporary POS taggers are known for their high levels of
accuracy. For instance, in well-established benchmarks like the PTB-WSJ, these
taggers demonstrate an accuracy exceeding 97.96%, showcasing their robustness
in understanding and categorizing linguistic elements [104]. Furthermore, when
evaluated on a diverse array of 21 languages that are rich in linguistic resources, as
part of the UD 1.2 dataset, these systems maintain an impressive average accuracy
rate of over 96.50% [105]. Such figures are indicative of the substantial progress in

the field, highlighting the sophisticated nature of current POS tagging systems.

Despite these achievements, there remain notable challenges in the realm of POS
tagging. One significant issue is the variable performance of these systems across
different languages, especially those that are less-resourced. The accuracy of POS
taggers tends to decline in dealing with languages that have fewer linguistic re-
sources available for training and analysis. Additionally, these systems often strug-

gle with infrequent or rare words, reflecting a limitation in their ability to generalize
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from training data to real-world applications. This variation in performance un-
derscores the ongoing need for research and development in the field, aiming to
enhance the adaptability and inclusiveness of POS tagging systems across diverse

linguistic contexts.

2.5.3 Sentiment Analysis

Sentiment Analysis, a subfield of Natural Language Processing (NLP), involves
the systematic identification and categorization of the sentiment polarity embed-
ded within a text [106]. This process involves analyzing textual material, such
as tweets, and classifying them into distinct sentiment categories: positive, neg-
ative, or neutral. This classification is based on the emotional tone conveyed in
the text [107]. Leveraging both the textual data and its corresponding sentiment
labels, machine learning models can be adeptly trained to accurately predict the

underlying sentiment of the text.

The methodologies applied in Sentiment Analysis are diverse, encompassing several
approaches. These include machine learning-based techniques, which rely on algo-
rithmic models to learn from data [108]; lexicon-based strategies, which utilize a
predefined list of words associated with specific sentiments [109]; and hybrid meth-
ods [110], which combine elements of both machine learning and lexicon-based
approaches. Within the realm of Sentiment Analysis research, various special-
ized subcategories have emerged. These include multimodal sentiment analysis,
which integrates multiple types of data such as text and images; aspect-based sen-
timent analysis, focusing on specific aspects or features within the text; fine-grained
opinion analysis, which seeks to discern more nuanced sentiment categories; and

language-specific sentiment analysis, tailored to specific linguistic contexts.

In recent advancements, deep learning techniques, notably models like RoBERTa
[111] and T5 [112], have been instrumental in enhancing the performance of senti-
ment classifiers. These advanced models are trained using large datasets and are
evaluated based on metrics such as F1-score, recall, and precision, which are crucial
in determining the efficacy of the classifiers. To benchmark and evaluate these sen-
timent analysis systems, a variety of datasets are utilized. Notable among these are
the Stanford Sentiment Treebank (SST') [113], the General Language Understand-
ing Evaluation (GLUE) benchmark [114], and the IMDB movie review dataset
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[115]. These datasets provide a comprehensive framework for assessing the perfor-
mance of sentiment analysis models, ensuring their applicability and accuracy in

real-world scenarios.

Aspect-based Sentiment Analysis (ABSA) Traditional studies in sentiment
analysis have predominantly focused on determining the overall sentiment within
sentences or entire documents, as evidenced by references in the literature. This
approach usually operates under the assumption that a text exhibits a consistent
sentiment towards a singular topic. However, such an assumption often proves to be
inaccurate in the complexities of real-world contexts. In response to this limitation,
the last decade has witnessed an increasing shift towards Aspect-Based Sentiment
Analysis (ABSA) [107]. ABSA diverges from traditional sentiment analysis by
focusing on the sentiments directed towards specific entities or attributes within
these entities, rather than generalizing across the whole text. Within the scope
of this discussion, an entity can encompass a specific product in the E-commerce
sector, with attributes such as price and size [116]. Here, an entity can also be
conceptualized as a broader aspect. Thus, in our discourse, we refer to both entities
and their attributes under the umbrella term ”aspects.” The aim of ABSA is to
provide intricate opinion summaries at this aspect level, offering in-depth sentiment

insights crucial for a variety of downstream applications [117].

ABSA synthesizes a range of detailed sentiment analysis tasks, with the aspect
target being the focal point [118]. For example, in a hypothetical scenario, the
aspect targets could be ”Windows 8” and ”touchscreen functions”. A fundamen-
tal component of ABSA is Aspect Sentiment Classification (ASC), which entails
identifying the sentiment polarity associated with a specific aspect target [119].
However, it is not always possible to have a pre-determined aspect target. In such
instances, Aspect Term Extraction (ATE) plays a critical role in discovering these
targets [120]. Concurrently, Opinion Term Extraction (OTE) is instrumental in
pinpointing opinion terms that significantly shape the sentiment polarity of a sen-
tence or a specific target term [121]. The most intricate component of ABSA,
Aspect Sentiment Triplet Extraction (ASTE), endeavors to offer a holistic view
of sentiment information [122]. It does this by amalgamating an aspect target
term, its related opinion term, and the sentiment expressed, into a cohesive triplet.
An illustrative example of this could be the triplets: (”Windows 8", "not enjoy”,

NN

Negative) and (”touchscreen functions”, "not enjoy”, Negative).
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2.5.4 Task-oriented Dialogue System

Task-oriented dialogue systems represent a sophisticated integration of technology
designed to streamline a multitude of tasks through interactive language-based
communication [123]. These systems shine particularly in executing functions such
as arranging ticket purchases, booking dining experiences, and offering aid in cus-
tomer service scenarios [21]. At the heart of their operation lies a critical ability to
discern and consistently monitor a user’s specific needs during an exchange [124].
This is accomplished via a mechanism termed Dialogue State Tracking (DST) [125].
DST plays a pivotal role in identifying and preserving the user’s requirements, ar-
ticulated as slot-value pairs. Each of these pairs is a marker of an individual user

need, ensuring that the system’s replies are not only pertinent but also coherent.

The seamless functioning of these dialogue systems is anchored in four main com-
ponents [21, 126]. First, there is Natural Language Understanding (NLU), which
is tasked with interpreting the user’s oral or textual inputs. Following this, the
Dialogue State Tracking comes into play, keeping a detailed log of the ongoing
conversation and the user’s articulated needs. The third component, Dialogue Pol-
icy Learning, is instrumental in deciding the system’s subsequent course of action,
taking into account the present state of the dialogue. Finally, Natural Language
Generation (NLG) comes into the picture, which is responsible for crafting the

system’s spoken or written outputs.

Together, these components form a synergistic framework, enabling task-oriented
dialogue systems to emerge as indispensable tools in the realm of simplifying and
automating interactions across various sectors. Their ability to handle complex
tasks through intuitive language-based communication makes them a significant

asset in enhancing user experience and efficiency in several domains.

Dialogue State Tracking The concept of Dialogue State refers to a compre-
hensive summary of a dialogue’s progression up to a specific point, denoted as turn
t [127]. This summary is crucial as it equips the conversational system with all
the necessary information required to determine its subsequent course of action.
Essentially, the Dialogue State is a reflection of the user’s objectives within the

conversation, represented through a series of (slot, value) pairings. These slots,
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which are typically dependent on the specific domain of the conversation and pre-
defined in the Ontology O, capture the goals or intentions of the user. Each slot
is assigned a value that the user specifies to convey their conversational goal. For
instance, in a dialogue pertaining to restaurant reservations, the Dialogue State
at a particular turn might include pairs such as (FOOD, ITALIAN) and (AREA,

CENTRE), indicating the user’s preferences in terms of cuisine and location.

These slots fall into two categories: informable and requestable [125]. Informable
slots encompass attributes that users can specify during the conversation to estab-
lish constraints, whereas requestable slots consist of attributes that users might
inquire about from the system. In the context of restaurant reservations, for exam-
ple, slots like FOOD, AREA, and PRICE would be informable, allowing users to set
their preferences, while PHONE and ADDRESS would be requestable, providing

users with information upon request.

The process of tracking these Dialogue States is crucial for understanding the
progression of the conversation. This tracking involves identifying and maintaining

the user’s goals at each turn.

Dialogue State Tracking (DST) plays a vital role in this process. Its primary
function is to estimate the current Dialogue State by predicting the relevant slot-
value pairs at each turn. This prediction process can be executed in two distinct

ways: turn-level prediction and dialogue-level prediction [124].

Turn-level prediction involves an update mechanism that can either be rule-based
or learned. In the rule-based approach, the system makes predictions for the current
turn and then integrates these with the previous Dialogue State using predefined
rules. These rules might range from simple overwriting of values to more complex
probabilistic combinations. Alternatively, in the learned approach, a function is
trained to emulate the update process, taking into account both the previous Di-
alogue State and the current turn’s predictions to forecast the current Dialogue
State. This approach can be realized either through a dual-component system or
a unified end-to-end model [128].

On the other hand, dialogue-level prediction entails the model considering the
entire dialogue history at each turn to predict the complete Dialogue State. While

this method provides a comprehensive view of the current state, it may lead to
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inconsistencies as it does not take previous Dialogue States into account, potentially

leading to discrepancies between consecutive states.

Overall, the management and prediction of Dialogue States are fundamental to
the efficacy of conversational systems, ensuring they are responsive and relevant to

user inputs throughout the dialogue [129].

2.5.5 Relation Extraction

Relation Extraction (RE) constitutes a critical process in the field of computational
linguistics, where the primary objective is to deduce and categorize the relation-
ships and characteristics associated with entities within a given sentence [130]. To
illustrate, consider the sentence ”"Barack Obama was born in Honolulu, Hawaii.”
In this context, the goal of a relation classifier is to accurately determine and as-
sign the specific relation, in this case, "bornInCity”. This extraction process is not
merely a standalone task but serves as a foundational element in the construction of
relation knowledge graphs. Its significance extends deeply into various applications
of natural language processing (NLP), encompassing a wide range of functional-
ities including, but not limited to, structured search queries, sentiment analysis,
question-answering systems, and the generation of concise summaries. These ap-
plications demonstrate the profound impact and necessity of effective Relation
Extraction in advancing the capabilities and understanding within the domain of

NLP.

The importance of relation extraction goes beyond mere categorization [131]. It
acts as a cornerstone in the development of relational knowledge graphs. These
knowledge graphs are essential for visualizing and structurally representing the
relationships between various entities. By mapping out these relationships in a
graph format, it becomes easier for machines to understand and interpret complex

data, leading to more accurate and efficient processing of large volumes of text.

In the broader scope of Natural Language Processing (NLP), relation extraction
has profound implications [132]. Its applications are diverse and encompass several
key areas. For instance, in structured search queries, relation extraction allows for
more precise and context-aware search results [133]. In sentiment analysis, un-

derstanding the relationships between entities can provide deeper insights into the
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sentiments expressed in the text. Similarly, in question-answering systems, relation
extraction helps in accurately understanding the query and fetching the relevant in-
formation by understanding the relationships between different entities mentioned
in the knowledge base. Furthermore, in the generation of concise summaries, re-
lation extraction plays a pivotal role by identifying the most critical relationships
and entities, which need to be included in the summary for it to be coherent and

informative [134].

Additionally, the advancements in relation extraction have a significant impact on
the development of intelligent systems capable of understanding and interacting
with human language in a more sophisticated manner. These systems can be used
in various applications, such as virtual assistants, automated customer support,
and intelligent tutoring systems, where understanding the relationships between

entities is crucial for effective communication and information delivery.

Moreover, the effectiveness of relation extraction is continually being enhanced
through the integration of advanced machine learning techniques, such as deep
learning. These techniques enable more accurate and nuanced recognition of rela-
tionships, even in complex sentences with multiple entities and relationships. The
ongoing research and development in this field are directed towards making rela-
tion extraction models more robust, adaptable, and capable of handling a variety

of linguistic expressions and structures.

In conclusion, Relation Extraction is not just a component of computational lin-
guistics; it is a driving force behind many innovative applications in NLP [135].
Its ability to accurately interpret and categorize relationships between entities is
fundamental to the advancement of language understanding technologies. The on-
going improvements in this area are continually expanding the boundaries of what
machines can understand and achieve in the realm of natural language, marking
it as a field of critical importance and immense potential within computational
linguistics and NLP [136].

2.5.6 Data Augmentation using LLMs

From a data perspective, we group existing studies on LLM-based DA into four

categories: 1. Data creation which leverages the few-shot learning ability of LLMs
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to create a large synthetic dataset; 2. Data labeling which uses the LLM to label
existing datasets; 3. Data reformation which transforms existing data to produce
new data; 4. Co-Annotate which enables LLM-human collaboration to gather
high-quality augmentation data. This section discusses relevant papers in each

category.

2.5.6.1 Data Creation

Data Creation focuses on leveraging the few-shot learning ability of LLMs to quickly
create a large amount of synthetic data. It is most used in tasks with a large label
space. Data Creation with LLMs is a promising solution in specialized or private
domains, where annotations are usually difficult or expensive to collect. Dialogue
tasks are one example where specialized data is hard to collect. In medical dialogue
summarization, Chintagunta et al. [137] uses a powerful few-shot learner such as
GPT-3 to create synthetic medical dialogue summaries. By training models on a
mix of synthesized and human-labeled data, the algorithm can scale a few human-
labeled examples to yield results comparable to using 30x human-labeled examples.
Similarly, for general dialogue, Dialogic [138] is seeded with a few dialogues and
can automatically select in-context examples for demonstration and prompt LLMs
to generate annotated dialogues in a controllable way. Then, automatic verifica-
tion and revision methods are proposed to mitigate annotation errors. Results
show that performance greatly improves in low-resource scenarios. Wan et al. [139]
also attempt few-shot data augmentation on dialogue modeling. Aside from few-
shot learning, for emotional support conversations, AugESC [140] finetunes an LM
and prompts it to complete dialogues from collected posts. The post-training on
AugESC improves downstream dialogue models’ generalization abilities to open-
domain topics. For low-resource classification, LLM can be used to create synthetic
examples of a given label. Mgller et al. [141] gives an example and its corresponding
label and instruct the LLMs to generate similar examples exhibiting the same label.
Resulting models yield better downstream performances on few-shot classification
but still lag behind human-annotated data. For other low-resource tasks such as
recommendation and intent detection, Data Creation can also effectively boost the
training data space. To gather better recommendations, Zhang et al. [142] gener-
ates a large amount of user-personalized instruction data with varying preference

and intention types. Then, the LLM is optimized using instruction tuning. The



Chapter 2. Literature Review 41

resulting model can obtain more accurate recommendations and outperform com-
petitive baselines, including GPT-3.5. For intent detection, Lin et al. [143] first uses
an LLM to generate synthetic examples in the context of the training set and then
uses Pointwise V-Information (PVI) to filter unhelpful examples. Sahu et al. [144]
prompts GPT-3 to generate labeled training data, which can significantly boost
the intent classifier’s performance for distinct intents but becomes less helpful with

semantically close intents.

Data Creation also helps in more general tasks by generating new training datasets.
For information retrieval, Bonifacio et al. [145] uses few-shot prompting with LLMs
to generate synthetic training datasets consisting of query-document pairs. Re-
trieval models finetuned with the augmented data significantly outperform unsu-
pervised models. For reasoning, Logi-CoT [146] gathers a new instruction-tuning
dataset by prompting GPT-4 and is used for teaching models to elicit general rea-
soning skills. Moreover, Data Creation is helpful for model performance distillation.
To distill LLMs’ reasoning performances to smaller models, Fine-tune-CoT [147]
uses zero-shot CoT prompting to generate rationales from teacher models and use
them to fine-tune smaller student models. The resulting performance improve-
ments are stable across dataset size, teacher performance, etc. To reduce the need
for manual annotation in reasoning tasks, Automate-CoT [148] automatically gen-
erates pseudo-CoTs from a small labeled dataset and then prunes and selects an
optimal combination for CoT prompting. Similarly for instruction-following, Peng
et al. [149] uses GPT-4 to generate an instruction-following dataset and feedback
data. The resulting instruction-tuned LLaMa models can lead to comparable per-
formance with the original GPT-4. To aid multilingual commonsense reasoning
tasks, Whitehouse et al. [150] provides LLMs with instructions and examples from
the original training data, prompting them to generate new and diverse examples.
By training with augmented data, significant cross-lingual performance improve-

ments are observed on smaller models.

To systematically study the behavior of such data creation methods and improve
upon current few-shot prompting methods, Meng et al. [151] attempts to first tune
an LM on few-shot examples and then use it as a generator to synthesize a large
amount of novel training samples. The resulting approach could augment task

performances than existing few-shot learning methods.
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2.5.6.2 Data Labeling

Data Labeling seeks to utilize the general language comprehension abilities of LLMs
to annotate unlabeled datasets. It is primarily useful in tasks that have a large
enough unlabeled data corpus, such as cross-lingual and multimodal tasks. To
evaluate LLMs’ potential in data labeling, Tornberg [152] studies the zero-shot
annotation ability of GPT-4 on labeling political Twitter messages with political
tendencies. Compared to human workers, the LLM annotations display higher ac-
curacy and lower bias. Similarly, Zhu et al. [153] observes that, in social computing
tasks, ChatGPT has the potential to accurately reproduce human labels. Notably,
annotations from open-source LLMs [154] and ChatGPT [155] can surpass crowd-
worker performance on annotation tasks. For annotating low-resource tasks such
as goal-oriented dialogues [156] and speech emotional data [157], the quality of
ChatGPT annotations is on par with human-generated labels. However, Bansal
and Sharma [158] observes that simply annotating can sometimes worsen general-
ization. Thus, it proposes conditional sampling to optimize the tradeoff between

informativeness and budget.

Cross-lingual tasks mostly contain a large unlabeled corpus, which could benefit
from data labeling. Therefore, Zhang et al. [159] uses different prompting strategies
to augment machine translation (MT) data. It tries augmenting monolingual data
using back- /forward-translation via zero-shot prompting, which still suffers from
limitations such as generalization and unstable transfer performances. Similarly,
Meoni et al. [160] annotates training data for multilingual clinical entity extraction
with LLMs. After fine-tuning smaller models with augmentations, they display

promising results for information extraction (IE) tasks.

Data labeling is also promising for multimodal applications. For data-scarce Vi-
sual Question Answering (VQA) tasks, Khan et al. [161] utilizes a Self-taught Data
Augmentation (SelTDA) framework to generate pseudo labels from unlabeled im-
ages. The pseudo-labeled data could then improve VQA task performance and
robustness. Combining multi-modality with reasoning, T-SciQ [162] further dis-
tills LLMs’ reasoning abilities in multimodal tasks by asking the teacher model to

produce CoT rationales. As a result, it achieves state-of-the-art performance in
scientific QA.
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2.5.6.3 Data Reformation

Data Reformation techniques attempt to reformulate the existing data into more
variations for more fine-grained augmentation. Such reformation techniques could
naturally aid in counterfactual generation tasks, which reforms existing data to its
counterfactual version. Disco [163] uses LLMs to generate high-quality counterfac-
tual data at scale. It first uses in-context learning with GPT-3 to generate phrasal
perturbations, then uses a task-specific teacher model to filter and distill high-
quality counterfactual data. Models trained using the generated counterfactuals
display improved robustness and generalization across distributions. For retrieval-
augmented generation, CORE [164] uses GPT-3 to generate counterfactual edits
to the input conditioned on the retrieved excerpts. The perturbations then help

mitigate model bias and improve performance on out-of-distribution (OOD) data.

Data Reformation could also quickly diversify the original dataset by forming data
pairs. For conspiracy detection, Korenci¢ et al. [165] asks GPT-3 to rephrase tweets
with original labels to augment training. To generate useful variations of the pre-
training datasets of large vision models, ALIA [166] uses LLMs to generate image
descriptions and augment the training data via language-guided image editing. By
leveraging LLMs to the image domain, ALIA surpasses traditional data augmen-
tation methods on fine-grained classification tasks. For Named Entity Recognition
(NER), Sharma et al. [167] generates paraphrases while retaining inline annotation
for entities. Among other PLMs, GPT-3 is

able to generate high-quality paraphrases, yielding statistically significant improve-

ments in NER performance.

For more general tasks, Data Reformation could help to diversify and broaden the
original dataset. AugGPT [168] tries to overcome the challenge of few-shot and
data-scarce NLP tasks by rephrasing each sentence in the training samples into 6
semantically similar sentences. Experiments show that such an approach surpasses
state-of-the-art text data augmentation methods in augmentation distribution and
testing accuracy. For effective knowledge distillation, GPT3Mix [169] extracts
sample sentences from the task-specific training data, embeds these samples in the
prompt, and asks the LLM to generate an augmented mixed sentence influenced
by the sample sentences. Guo et al. [170] asks GPT-3.5 and GPT-4 to rewrite

or generate question-answer pairs with zero-shot prompting. Fine-tuning with
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the refined and diversified training set then successfully distils medical question-

answering abilities to smaller models.

2.5.6.4 Co-annotation

Co-annotation refers to the collaborative annotation process between humans and
LLMs. By combining both annotation approaches, Co-annotation can reduce anno-
tation costs and improve annotation performance at the same time. Firstly, Li et al.
[171] proposes CoAnnotating, which allocates a given datapoint to be annotated
by humans or by LLMs by computing the uncertainty level of LLM’s annotations.
With efficient human-AI collaboration, it provides insights into the tradeoff be-
tween annotation quality and annotation cost. To assist human annotators with
explanations, Bertaglia et al. [172] asks the LLM to identify relevant features, such
as text tokens, as assistive explanation. The approach improves inter-annotator
agreement, annotation accuracy, and annotators’ confidence, eventually leading to
more transparency. Using human feedback to direct LLM annotations could also
effectively generate high-quality data. Diagen [173] uses an LLM to iteratively
generate dialogues in protected data domains, where human feedback is used to
correct inconsistencies or redirect the flow in sub-dialogues. As a result, fine-tuning
or in-context learning with the annotated data shows significant model performance
improvements. Similarly, ToolCoder [174] uses human-written input-output pairs
as prompts to guide chatGPT to annotate a tool-augmentation dataset. Then,
the annotated data is filtered to ensure quality. After fine-tuning with the an-
notated data, ToolCoder can achieve comparable performance with ChatGPT on

code generation.



Chapter 3

Generation-Based Data
Augmentation Approach for
Low-Resource Information

Extraction

3.1 Background

A substantial volume of training data is crucial for the efficacy of neural models,
particularly in the case of larger networks. Increasing the quantity of training data
aids in mitigating overfitting and enhancing the robustness of the model. Never-
theless, the creation of a significant amount of annotated data typically involves
considerable expense, extensive labor, and a lengthy process. In the realm of syn-
thetic data generation, data augmentation [175] emerges as a valuable strategy.
This technique is extensively applied in fields like computer vision [176-178] and
speech recognition [179, 180].

While it’s relatively straightforward to implement data augmentation methods in
fields like computer vision and speech through techniques like rotation, cropping,
and masking, these methods are more difficult to apply in natural language pro-
cessing (NLP). This complexity arises because languages don’t lend themselves to
a set of general, handcrafted rules for transformation. In contrast to visual data,

where simple distortions typically don’t alter the underlying meaning, in language
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B-PER E-PER O O O O O S-LOC

Jose  Valentin has a restaurant business in London

Linearization

B-PER Jose E-PER Valentin has a restaurant business in S-LOC London

FicUrE 3.1: A demonstration of sentence linearization with labels involves
coupling each word with its corresponding tag, typically by positioning the tags
either before or after the words. In this process, the O tags are omitted.

processing, even a minor change such as deleting or replacing a single word can

drastically shift the entire meaning of a sentence.

A notable strategy for data augmentation in Natural Language Processing (NLP)
is 'back translation’ [181-184]. This involves employing a translation model to
convert sentences from the target to the source language, creating synthetic parallel
sentences, namely back translation. Additional effective techniques comprise the
systematic rearrangement of dependents in gold data to produce synthetic data for
dependency parsing [185], utilizing knowledge bases for question generation [186],
and adopting simulation-based methods to create a series of foundational toy tasks
for QA [187]. Furthermore, methods like synonym substitution, random deletion,
swapping, insertion, and generation using Variational Autoencoders (VAE) or pre-
trained language models are frequently applied in various NLP tasks [18, 188-191],

particularly in translation and classification.

In contrast to downstream tasks such as translation and classification, sequence tag-
ging demonstrates increased sensitivity to data augmentation disturbances, owing
to its detailed (token-level) nature. Employing methods like annotating unlabelled
data with a basic tagger, utilizing parallel bilingual texts to generate annotations,
and applying synonym substitution are three explored strategies for enhancing se-
quence tagging [192-194]. However, these approaches have drawbacks. The use
of weakly labeled data typically results in additional noise. Notably, tagging un-
labeled data with a rudimentary tagger demands both domain-specific data and
expertise, to avoid the risk of domain-shift issues [195]. The application of paral-
lel bilingual texts necessitates extra resources that might not be present for less
common languages. Synonym replacement generally depends on supplementary
information sources like WordNet [196], a manually curated lexicon that may lack

comprehensive coverage for less widely spoken languages.
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In this chapter, we explore the use of data augmentation via a generative approach
for sequence tagging tasks. Initially, we convert the labeled sentences into a lin-
ear format, as illustrated in Figure 3.1. Following this, a language model (LM)
is developed based on the linearized data, enabling the creation of synthetic la-
beled data. This approach differs from the use of weak taggers for labeling new
data, as it integrates the processes of sentence creation and labeling through a
LM. Specifically, we train the LM to generate a word and its associated tag si-
multaneously (for example, ”B-PER Jose”), selecting tag-word pairs with a higher
likelihood during generation. Our technique does not depend on external resources
like WordNet. However, it remains adaptable to incorporate resources like unla-
beled data or knowledge bases, employing a straightforward yet efficient conditional

generation method.

While recent studies [18, 190, 191] have applied LM in data augmentation, their
techniques are specific to sentence-level tagging, making them suitable only for clas-
sification tasks. In the domain of natural language processing (NLP), sentence-level
augmentation strategies, while beneficial in various tasks such as text classifica-
tion, are often inapplicable to sequence labeling tasks like named entity recogni-
tion (NER) and part-of-speech (POS) tagging. This inapplicability arises because
sentence-level augmentations typically alter the structure or meaning of the en-
tire sentence, potentially disrupting the sequential dependencies and contextual
integrity crucial for accurate sequence labeling. For instance, an augmentation
strategy that rephrases a sentence might change the position or context of enti-
ties, thereby confusing the labeling model. Consider the sentence ”Barack Obama
was born in Hawaii.” A synonym replacement augmentation that changes ”born”
to "originated” can obscure the entity ”"Hawaii” as a place of birth, leading to

incorrect labeling.

Contrary to these approaches, our work is pioneering in using generative language
models to create detailed synthetic data from the ground up for sequence tagging
tasks. This innovation presents a novel approach in data augmentation within
the field of NLP. Additionally, our methodology isn’t dependent on large, pre-
trained models. Instead, we use a straightforward, single-layer recurrent language
model [197], which is easier to train. The performance of our method is promising,
showing significant results with training on a limited dataset of just a few thousand

sentences.
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In order to assess the efficacy of our approach, we carried out a wide range of
experiments across various sequence tagging tasks such as named entity recogni-
tion (NER), part-of-speech (POS), and end-to-end target based sentiment analysis
(E2E-TBSA). Our approach shows superior performance compared to the baseline
methods in both supervised and semi-supervised scenarios. Unlike the baseline
methods, our approach creates new synthetic data from the ground up, thereby
adding more variety to minimize overfitting. In semi-supervised settings, our ap-
proach exhibits a robust capacity to utilize valuable insights from unlabeled data

and knowledge bases.

3.2 Task Introduction

Named Entity Recognition (NER) Named entities are phrases in text that
represent the names of people, organizations, locations, and similar entities. An
example of this is, “/ORG U.N.] official [PER Ekeus| heads for [LOC Baghdad].”
The process of identifying and categorizing named entities in text into predefined
categories is a crucial aspect of information extraction, commonly known as named
entity recognition (NER) [198-200]. This task is notably challenging for a couple
of reasons [100]: firstly, for NER, there is often a scarcity of manually annotated
training data across various languages and domains; secondly, the limited training
data makes it hard to achieve broad generalization due to restrictions on the types

of words that can serve as names.

Part-of-Speech (POS) Tagging In the field of natural language processing
(NLP), part-of-speech (POS) tagging plays a crucial role. This process involves
assigning a grammatical category to each word in a sentence. Such tagging is es-
sential for NLP systems, aiding in essential operations like syntactic parsing [201]
and fine-grained sentiment analysis [202]. The latest POS tagging models have
shown impressive accuracy, exceeding 97.80% on the PTB-WSJ dataset [104, 203]
and averaging over 96.50% in test accuracy across 21 high-resourced languages in
the UD 1.2 framework [204]. Nevertheless, these models face challenges, partic-
ularly a notable drop in accuracy when dealing with languages that have limited

resources and uncommon words [105, 205].
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Target Based Sentiment Analysis Target-based sentiment analysis is an es-
sential component of sentiment analysis, focusing on identifying sentiment targets
within sentences and determining the sentiment expressed towards these targets
202, 206—-208]. Consider the statement, " USB3 Peripherals are noticeably less ex-
pensive than the ThunderBolt ones.” Here, the sentence highlights two sentiment
targets: "USB3 Peripherals” and ”ThunderBolt ones,” with the former receiving
positive sentiment and the latter negative. Li et al. (2019) introduced an end-to-
end approach for target-based sentiment analysis (E2E-TBSA), transforming this
analysis into a tagging task. This method simultaneously addresses target identifi-
cation and sentiment classification by assigning unified tags. For instance, the tag
"B-POS” signals the start of a positively viewed target. Thus, the given example
is annotated as, ”[B-POS USB3] [E-POS Peripherals] are noticeably less expensive
than the [B-NEG ThunderBolt] [E-NEG ones|” [208, 209].

3.3 Proposed Method

We introduce an innovative approach for enhancing data in sequence tagging as-
signments. Initially, we transform labeled sentences into a linear format, after
which we employ a language model to comprehend the word and tag distribution
within these linear sequences. This aids in creating artificial training material. Ad-
ditionally, we suggest a method for conditional generation that leverages unlabelled

data and knowledge bases when accessible.

3.3.1 Linearized Labeled Sentence

Initially, we conduct sentence linearization, transforming labeled sentences into
sequential formats. This allows language models to effectively understand and
learn the patterns of words and tags present in the original, high-quality data. As
demonstrated in Figure 3.1, during this linearization process, tags are placed before
their respective words, serving as their modifiers. In cases involving tasks where O
tags are common, such as NER and E2E-TBSA [208], we exclude these tags from
the linear sequences. In a similar vein, it’s possible to position tags subsequent to

their related words.
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FIGURE 3.2: Language model architecture with LSTM.

Following the linearization of sentences, we introduce unique tokens, [BOS] at the
start and [FOS] at the end of every sentence.

3.3.2 Data Generation via Language Modelling

When sentences with labels are linearized, language models become effective in un-
derstanding the patterns of word and tag distributions. In our approach, we employ
a one-layer LSTM (Long Short-Term Memory) recurrent neural network language
model (RNNLM), similar to the model introduced by [197]. The architecture of
our RNNLM is depicted in Figure 3.2.

Language Modeling In the training of Recurrent Neural Network Language
Models (RNNLM), the objective is to optimize the model for enhanced accuracy
in predicting subsequent tokens. This process initiates with the input of a sen-
tence, represented by a sequence of tokens (wy, ws, ..., wy). These tokens are then
processed through an embedding layer, which maps them to their respective em-
beddings (1,2, .-.,5 ), with NV denoting the length of the sequence. Subsequently,
a dropout layer is employed on each token embedding ;, resulting in the generation
of ; = (;). Following this, the sequence (1,2, ...,y ) is inputted into a Long Short-

Term Memory (LSTM) network. This LSTM network is responsible for producing
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[BOS] [labeled] B-PER Jose E-PER Valentin has a restaurant business in S-LOC London [EOS]
[BOS] [unlabeled] I have booked a flight to New York [EOS]

[BOS] [KB] We ate crepes in S-LOC Shibuya, saw cherry blossom bloom at Asakusa [EOS]

FiGUrE 3.3: This illustration presents a case of conditional generation. The
initial sequence originates from a dataset with verified named entity recognition
(NER) annotations. The subsequent sequence is derived from a dataset devoid
of labels, hence the absence of annotations. In the final sequence, labels are
assigned based on matches with a knowledge base. However, the term ’Asakusa’
remains unlabeled, indicative of gaps in the knowledge base’s coverage.

a hidden state ; = (;,,—1 ) at each sequential position ¢. To further enhance the

model, another dropout layer is applied to these hidden states, thereby computing

i =)

In the proposed framework, the final prediction of the subsequent token within the
sequence is accomplished through the application of a linear layer combined with
a softmax function. This process is contingent on the premise that the position of
a given token w; within the vocabulary is denoted as ¢*. The training objective is

succinctly encapsulated in Equation 3.3:

t—lzT 2—1 (3-1)
eXp(t—l z*)
po(wilwe) = ’ (3.2)
Zyzl exp(t—l,i)
N
p(wy, we, ..., wyN) = Hpg(wt|w<t) (3.3)
=1

Within this context, V represents the vocabulary’s total size, € R™" symbolizes
a trainable weight matrix, with r being the dimension of the LSTM hidden states.

Moreover, ;_; ; signifies the i-th component of ,_;.

Data Generation Upon completion of the Recurrent Neural Network Lan-
guage Model (RNNLM) training, it becomes feasible to employ this model for the
generation of synthetic training data applicable to tagging tasks. The generation
process initiates with the exclusive input of the [BOS] token into the RNNLM.
Subsequently, the sequence of tokens is determined through sampling, with each

token’s likelihood of selection deriving from the probabilities calculated as per
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Equation 3.2. Commencing with /BOS]/, sentence formation proceeds in an autore-
gressive manner, utilizing the token generated in the preceding step as the input

for the subsequent token generation.

Equation 3.2 elucidates that during the generation phase, the RNNLM exhibits
a propensity to select tokens that manifest higher probabilities. The inherent
randomness of the sampling process enables the RNNLM to opt for tokens that
are contextually similar. Consider a scenario where tags are inserted prior to their
corresponding words in the process of sentence linearization for the purpose of
RNNLM training. In this context, when the RNNLM is tasked with predicting
the next token following the input “I have booked a flight to”, the probability
of generating “S-LOC” is markedly higher compared to other options. This is
attributed to the RNNLM’s exposure to a multitude of analogous instances in
the training data, such as “a train to S-LOC”, “a trip to S-LOC”, and so forth.
Subsequent to this, the model engages in predicting the word that follows “I have
booked a flight to S-LOC”. In the training dataset, every instance of “S-LOC” is
succeeded by a location-specific word. Consequently, words like “London”, “Paris”,
“Tokyo”, etc., emerge as viable selections, with their respective probabilities being
comparably similar. The randomness incorporated into the model permits the
selection of any of these options. In scenarios where tags are appended post the
corresponding words, token prediction unfolds in an analogous manner, with the

distinction that words are anticipated prior to the tags.

3.3.3 Post-Processing

The sequences produced are initially in a linearized configuration and necessitate
reformatting to align with the structure of the benchmark data. Furthermore, this
study proposes a set of basic yet effective rules for purifying the generated dataset:
1) Elimination of sentences devoid of tagging; 2) Removal of sentences consisting
exclusively of the placeholder [unk/'; 3) Exclusion of sentences with erroneous
sequencing of tag prefixes (for instance, the presence of E-LOC preceding B-LOC
in Named Entity Recognition (NER) datasets); 4) Discarding sentences that exhibit

identical word sequences but bear disparate tags.

ITo streamline the vocabulary for language model training, infrequent words appearing only
once in the training corpus are substituted with the [unk/ token.
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3.3.4 Conditional Generation

In this chapter, we introduce a novel method for conditional generation, designed
to enhance language models through the utilization of unlabeled data or knowledge
bases, particularly in scenarios where resources are limited. For instance, annotat-
ing substantial volumes of e-commerce product titles for Named Entity Recognition
(NER) can be prohibitively costly, whereas acquiring a knowledge base (such as
a dictionary) of product attributes and unlabeled data is more feasible. Our ap-
proach involves prefixing each sequence with one of the designated condition tags
{[labeled], [unlabeled], [KB]} to identify its source. Here, KB indicates that the se-
quence has been labeled through a comparison of a knowledge base with unlabeled
data, as illustrated in Figure 3.3. This strategy enables the language model to as-
similate shared information across these sequences while recognizing their distinct
origins. In the process of generating synthetic data, each word is generated in re-
lation to the specified condition tag [labeled], symbolized as ¢ (conditioning class).
This tag is then incorporated into the language model, resulting in all subsequent
Long Short-Term Memory (LSTM) hidden states containing information about
c. Moreover, also encapsulates details from all preceding tokens in the sequence.
Consequently, when predicting the succeeding token based on ;_i, the probability
po(wi|w<;) in Eq. 3.2 is modified to pg(w¢|ws, ¢).? This methodology aligns with
the approach employed in CTRL [210], which is utilized to modulate style and

task-specific behaviors in text generation.

3.4 Experiments

In this section, the experimentation conducted under supervised and semi-supervised
frameworks is delineated. Within the confines of the supervised framework, the
augmentation process exclusively utilizes gold data (ground-truth data). Con-
versely, the semi-supervised framework extends its reliance to incorporate both

unlabeled data and knowledge bases, in addition to the gold data.

2Notably, the condition tag c is also part of w., as it is a unique token added at the start of
each sentence. However, it is explicitly mentioned here to highlight its conditional influence.
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3.4.1 Base Models

Language Model In this chapter, the synthetic data generation process em-
ploys the language model delineated in Section 3.3.2. Adaptations were made to
the decoder of the LSTM-LM model, as detailed in [211], to facilitate the imple-
mentation of this language model. The LSTM hidden state and embedding sizes
were configured to 512 and 300, respectively. For regularization, a dropout rate of
0.5 was applied to both dropout layers. The training of all language models utilized
Stochastic Gradient Descent (SGD) with an initial learning rate of 1 and a batch
size of 32. The learning rate was subject to a decay factor of 0.5 in subsequent
epochs, contingent upon the absence of improvement in perplexity on the develop-
ment set. The training process was capped at a maximum of 30 epochs, with an
early termination clause activated if there was no improvement in perplexity on the
development set across three consecutive epochs. In the synthetic data generation
phase, the average length of gold sentences from the training set was used as the

benchmark for maximum sentence length.

Sequence Tagging Model In the experiments, a BILSTM-CRF model, as de-
scribed by [100], was deployed within the context of the Flair framework [212] to
assess the effectiveness of a novel data augmentation technique on Named Entity
Recognition (NER) and Part-of-Speech (POS) tagging tasks.®> The implemented
model consists of a single-layer BILSTM, equipped with a hidden state size of 512.
To mitigate overfitting, dropout layers were integrated both preceding and succeed-
ing the BiLSTM layer, maintaining a dropout rate of 0.5. Training of all sequence
tagging models was conducted using the Adam optimizer [213], starting with an
initial learning rate of le-3 and a batch size of 32. The learning rate was subject
to a 0.5 reduction if no performance improvement was observed on the develop-
ment set over three consecutive epochs. Training was terminated either when the
learning rate fell below le-5 or upon reaching 100 epochs. For all languages, the

pre-trained 300-dimensional fastText word embeddings [214] were employed.

We utilize fundamentally simple basic models for several reasons. Firstly, these
models aid in mitigating the risk of overfitting, a concern that arises from the

limited data availability inherent in low-resource settings. Secondly, they facilitate

3For evaluation of the end-to-end target-based sentiment analysis task, the baseline model
from the original study was utilized.
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a more accurate comprehension of the impacts attributed to the data augmentation

method we propose.

3.4.2 Supervised Experiments

To assess the efficacy of our proposed data augmentation technique within su-
pervised learning contexts, we conducted evaluations across three distinct tagging
tasks: Named Entity Recognition (NER), Part-of-Speech (POS) tagging, and End-
to-End Task-Based Sentiment Analysis (E2E-TBSA). In contrast to many exist-
ing studies that incorporate supplementary data, our approach was benchmarked
against a baseline method of random deletion (rd), as described by Wei and Zou
[189]. This method entails the arbitrary elimination of 5% of words* along with
their associated tags from the training dataset. For a comprehensive overview of

the methodologies employed in our supervised experiments, refer to Table 3.1.

Method Description

gold This approach exclusively utilizes the gold
data.

gen This is our proposed methodology. It in-
volves the generation of synthetic data utiliz-
ing language models, coupled with an over-
sampling of the gold data.

rd A baseline approach. It generates synthetic
data through a process of random deletion,
followed by oversampling of the gold data
in a ratio identical to that used in the gen
method.

rd* Another baseline approach, bearing resem-
blance to rd. However, it differentiates itself
by ensuring equal sampling proportions be-
tween the gold and synthetic data.

TABLE 3.1: Data sources for the supervised setting.

3.4.2.1 Named Entity Recognition

Dataset  The efficacy of our proposed methodologies was evaluated on the
CoNLL2002/2003 NER datasets [215, 216], encompassing four distinct languages:
English, German, Dutch, and Spanish. Additionally, the evaluation extended to

4In the cases of NER and E2E-TBSA, if a selected word is part of an entity span, the entire
entity is removed.
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NER datasets in Thai and Vietnamese, specifically focusing on product titles
sourced from leading e-commerce platforms in Southeast Asian nations. These
datasets were meticulously annotated with eleven product attribute NER tags,
namely PRODUCT, BRAND, CONSUMFER_-GROUP, MATERIAL, PATTERN,
COLOR, FABRIC, OCCASION, ORIGIN, SEASON, and STYLE. The compre-
hensive statistics pertaining to the Thai and Vietnamese NER data utilized in our

experiments are delineated in the Appendix.

Experimental Settings To assess our methodology, we not only used the com-
plete training dataset but also took random samples of 1k, 2k, 4k, 6k, and 8k
sentences from each language to check its effectiveness in situations with limited
resources. The training involved using these sampled sentences to create synthetic
training data, as outlined in Section 3.3, while retaining the original development

and test data.

We then produced 1k-sentence batches using the trained language models. In these
batches, we tracked the emergence of new 1-gram tokens. Data generation ceased
when 99% of these tokens were found in prior batches. Following this, we refined
the data as per Section 3.3.3 and integrated it into the primary training set for
the tagging model. For the rd and gen scenarios, we enhanced the gold data by
fourfold repetitions in a shuffled order within the training set. In cases of random
deletion, we also evaluated scenarios where gold and synthetic data were utilized in
equal measure, indicated as rd*. Further information about the parameters used
for determining these oversampling ratios is available in Appendix A.3. Consistent
with [100], we employed the IOBES tagging system for training both the language

and sequence tagging models.

Results and Analysis The summarized findings are presented in Table 3.2,
which reflects the mean outcomes from three trials. Across all languages, our
approach consistently enhanced performance. This improvement is notably more
pronounced in smaller sampled datasets. Specifically, in comparison to the baseline
methods, our proposed technique attained an average enhancement of 1.93 and 1.38

points in the 1k and 2k configurations, respectively.
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Lang. Method 1k 2k 4k 6k 8k all

gold 58.06 67.85 7455 77.16 80.30 83.04
+rd” 59.42 67.23 7451 7739 80.31 83.39

e d 5897 67.81  TATT 7735 80.59  83.25
tgen 61.15 70.61 76.82 79.18 81.02 83.74
gold 29.71 41.07 4955 53.30 56.17 61.10
qor  frdT 2989 4020 4927 5233 5570  60.69
+rd  30.83 40.36 4924 5354 5560 60.55
tgen  31.83 40.92 49.79 53.63 56.94 62.44
gold 58.14 6742 7421 7744 7890 79.27
o FrdT 5822 6698 7508 7764 79.01 8001
trd  59.67 6853 7521 7779 79.12  80.26
tgen 61.76 68.62 76.15 78.20 79.83 80.73
gold 37.04 48.61 5778 61.08 64.59 70.89
g T 3500 4645 5683 6049 63.09 6942
+rd  39.39 4844 5938 6148 64.44 70.36
tgen 3887 50.41 59.90 63.19 65.82 72.71
gold 55.98  62.42 69.01 70.75 7212 76.14
o hdT 5567 6357 6847 7087 7208 7643
frd 5624 63.08 6863 7115 7222 76.83
tgen  60.01 65.43 70.36 72.55 74.11 77.39
gold 4988 55.79 6175 63.10 64.94 67.71
q Frd 50460 5698 6212 6419 6647 6781

“+rd 50.52 5742 61.51 64.59 66.07 67.97
+gen  54.02 59.36 63.94 66.21 68.05 69.86

TABLE 3.2: Named entity recognition micro F1.

Tag-Word vs. Word-Tag Section 3.3.1 outlines two approaches for sentence
linearization: firstly, placing tags before the words they correspond to (Tag-Word),
and secondly, positioning tags after these words (Word-Tag). When other variables
remain constant, Tag-Word demonstrates superior performance over Word-Tag in
NER tasks, a finding detailed in Appendix A.2. This could be attributed to the
alignment of Tag-Word with the commonly seen Modifier-Noun structure in lan-
guage modeling training data. Hence, Tag-Word is the chosen method for all NER

experiments.

3.4.2.2 Part of Speech Tagging

Dataset  Our evaluation of this task utilizes Part-of-Speech (POS) data obtained
from the Universal Dependencies treebanks®. This evaluation encompasses five lan-
guages: English, Spanish, Czech, Romanian, and Japanese. Within the Universal
Dependencies treebanks, each of these languages is represented by several corpora.

To create a consolidated dataset for three of the languages — English, Spanish,

Shttps://universaldependencies.org/
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Lang. Method 1k 2k 4k 6k 8k Full

gold 79.18 82.17 85.83 88.62 90.21 93.00
+rd” 79.28 8242 85.82 88.55 90.07 92.89
“+rd 79.38 82.50 86.08 88.80 90.15 92.96
+gen  79.76 82.90 86.31 88.99 90.56 93.29

gold 88.28 90.79 92.82 93.80 94.43 96.40
+rd” 88.25 90.94 92.84 93.76 94.48 96.41
“+rd 88.17 90.78 92.79 93.67 94.28 96.45
+gen  88.77 91.04 93.12 93.93 94.64 96.45

gold 80.10 84.46 88.88 90.67 92.03 97.52
cz +rd” 79.83 8429 88.64 90.43 91.95 97.57
+rd 80.11 84.50 88.99 90.66 91.86 97.60
+gen  80.65 85.17 89.58 91.22 92.49 97.63

gold 86.69 89.57 92.73 93.84 9454 94.54
ro’ +rd” 86.42 89.58 92,50 93.89 94.64 94.64
+rd 86.62 89.46 9255 93.84 94.73 94.73
+gen  87.29 90.66 93.44 94.61 95.17 95.17

en

es

gold 90.19 91.44 9359 94.41 - 95.08
ja8 +rd” 90.00 91.41 93.66 94.62 - 94.93
+rd 89.53 91.76  93.62  94.59 - 95.18
+gen  91.00 92.51 94.12 95.21 - 95.45

TABLE 3.3: POS tagging accuracy.

and Czech — we combine these multiple corpora. Specifically, for English, the
corpora GUM, ParTUT, PUD, and Lines are merged. In the case of Spanish, the
AnCora and GSD corpora are amalgamated. For Czech, the merger includes PDT,
FicTree, CLTT, and CAC. Additionally, our model has undergone evaluation using
Japanese (GSD) and Romanian (RRT') datasets, which represent languages either

spoken by smaller populations or belonging to distinct language families.

Settings and Results Our approach adopts comparable experimental config-
urations as used in the NER task. We employ the identical language model and
the BILSTM-CRF model for creating synthetic data and conducting POS tagging,
respectively. Unlike NER, the Word-Tag model exhibits a marginally superior
efficacy in POS tasks (see Appendix A.2).

The mean Word-Tag outcomes across three trials are depicted in Table 3.3. Our
strategy shows a uniform enhancement in performance across all languages. Echo-
ing the patterns observed in NER, our approach marks a more pronounced improve-
ment in performance, particularly for smaller subsets in POS tagging. Specifically,
the introduced method registers an average increase of 0.56, 0.60, and 0.46 points

over the baseline methods in the 1k, 2k, and 4k sample sizes, respectively.
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3.4.2.3 Target Based Sentiment Analysis

Dataset  The evaluation of E2E-TBSA utilizes laptop and restaurant review
datasets, originally sourced from SemEval ABSA challenges as indicated by [116,
117, 217] and subsequently processed by [208]. We combine these datasets and
designate 10% of the training data, selected at random, as the development set.
For scenarios with limited resources, we create smaller subsets from the remaining
training data. The test sets from the original data are consolidated to form our

unified test set.

Settings and Results Our methodology mirrors the experimental framework
used in NER and POS tasks, with the notable exception of employing the sequence
tagging model provided by [208] for our evaluations. In this context, Tag-Word
exhibits superior performance, as detailed in Appendix A.2. This enhanced perfor-
mance is likely attributed to the uniformity of tags (such as B-POS, and B-NEG)
that resemble noun modifiers, aligning well with the Modifier-Noun structure in-
herent in Tag-Word. The mean outcomes of Tag-Word across three iterations are
displayed in Table 3.4. Our approach shows an uptick in effectiveness, particularly
for datasets larger than 4k. It’s noteworthy that, in contrast to the NER and POS
datasets, the E2E-TBSA dataset comprises significantly fewer labels, leading to

more variable results.

Method 2k 4k  all(6k)

gold 56.31 60.43  63.18
+rd” 57.92 61.75  63.66
+gen 57.07 62.66 65.86

TABLE 3.4: E2E-TBSA micro F1.

3.4.3 Semi-supervised Experiments

In this part, we assess how well our approach works under two semi-supervised
scenarios: a) when only non-labeled data is accessible; b) when access to both non-
labeled data and a knowledge base is present. Consult Table 3.5 for the symbols

representing the techniques applied in our semi-supervised tests.
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Method Description

gold Supervised method using only the gold data.

wt Baseline method where a weak tagger (a
model trained on the gold data) labels the
unlabeled data.

genyq Our method which creates synthetic data us-
ing a Language Model (LM) that is trained
on both gold and unlabeled data.

kb Baseline method where the unlabeled data is
annotated using a knowledge base.
genyy, Our method where synthetic data is gener-

ated using a LM, which in this case is trained
on both gold standard data and data anno-
tated with a knowledge base.

TABLE 3.5: Data sources for the semi-supervised setting.
3.4.3.1 Only Using Unlabeled Data

Dataset In this part, we assess how well our approach works in two different
semi-supervised contexts. Our evaluation relies on the CoNLL2003 English NER
dataset [216]. Beyond the primary NER training data, we also incorporate unla-
beled data for semi-supervised learning. For sentence tokenization, we employ the

Stanford CoreNLP tokenizer [218], specifically applied to sentences from Wikipedia.

Experimental Settings In experiments comparable to those previously men-
tioned, we utilize varying quantities of sentences (1k, 2k, 4k, 6k, 8k, and the entire
dataset) randomly selected from NER gold data for the evaluation of our approach.
To ensure a level playing field, both our method and the control group use an iden-
tical set of 10k sentences, randomly chosen from a Wikipedia dump. Here, we refer

to the NER gold data samples as Dgyyq and the Wikipedia samples as Dyniaeied-

In our approach, we combine Dg,q and Dyyigbeiea to train language models as
outlined in Section 3.3.4. These models are then employed to create synthetic
data, of which 20k sentences are selected at random and combined with Dg,q for
the training of NER models. This process of generating data is signified by genyq.
As a comparison, we use a baseline method that involves annotating D ,iqpereq With
weak taggers, referred to as wt. In this case, the weak taggers are NER models
trained using Dgyq. Both our method and the baseline utilize the same NER
model (BiLSTM-CRF) and hyperparameters for evaluation purposes. During the

language model training phase, sentences from Dgygq and Dypigpered are sampled
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Method 1k 2k 4k 6k 8k all
gold 58.06 67.85 74.55 77.16 80.30 83.04

lightyellow +wt 65.12 7243 7790 79.41 81.36 84.00
lightyellow +gen,q 66.19 73.00 78.08 79.75 81.98 84.33

lavender +kb 67.36 7286 T77.15 79.33 8191 83.69
lavender +geny, 66.67 73.54 78.32 T79.98 81.93 84.03

TABLE 3.6: Semi-supervised NER F1.

equally. For training the NER models, we amplify the presence of gold data by

replicating Dgyqq four times, resulting in a mixed training file.

Results and Analysis F1 scores of wt and genyq (calculated as the average
of three trials) are presented in Table 3.6. The performance of our approach sur-
passes that of the standard wt method across various configurations. Furthermore,
it appears to be a promising avenue to enhance our model’s performance by in-
tegrating an increased volume of unlabeled data. The conventional wt method
faces challenges in incorporating a substantial volume of unlabeled data, as this
leads to a proportional increase in the augmented data, potentially leaving some
of it unused before the sequence tagging models reach convergence. In contrast,
our geny,g method can efficiently handle large quantities of unlabeled data, which
significantly boosts the quality of data augmentation. With an abundance of unla-
beled data available, our strategy involves initially pretraining the language models

using this data and subsequently refining them with labeled data.

3.4.3.2 Using Unlabeled Data and Knowledge Base

Dataset In this experiment, we explore the use of a knowledge base to enhance
performance, in addition to the gold training data and unlabeled sentences men-
tioned in Section 3.4.3.1. The knowledge base is constructed by identifying entities
(which are case sensitive and appear a minimum of two times) and their respective
tags from the entire gold training dataset. Furthermore, we enrich the knowledge
base with additional LOC' entities by incorporating cities and countries derived

from the geonames database”.

9https://datahub.io/core/world-cities
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Experimental Settings In the approach outlined in Section 3.4.3.1, we employ
a random selection process for both the gold NER dataset and Wikipedia content,
designating these subsets as Dgyoq and Dypigpeed, Tespectively. The process for
annotating Dypniapereq involves utilizing our knowledge base to identify the longest
forward matches within each sentence, a technique we refer to as kb, resulting in

a dataset named Dyy.

In our methodology, we merge Dyqq and Dy to facilitate the training of language
models, adhering to the protocol detailed in Section 3.3.4. These language models
are then deployed to create synthetic data. From this synthetic data, a subset of
20,000 randomly chosen sentences is amalgamated with D, for the training of
NER models. This approach of data generation, labeled as genyy, is assessed in
comparison to the benchmark method kb. Consistent with previous experiments,
we implement an oversampling strategy for D, in both the language and NER

model training processes.

Results and Analysis In Table 3.6, we display the F1 scores for kb and genyy,
(based on an average from three attempts). The kb baseline demonstrates excep-
tionally strong results when D4 is limited in size. This is attributed to the exten-
sive use of a comprehensive database of countries and cities for labeling, coupled
with the fact that locations are generally less prone to ambiguity than other entity
types. Nonetheless, when the volume of Dy, exceeds 2,000, our approach sur-
passes kb. This indicates our method’s enhanced resilience to inaccuracies present

in Dy, particularly when a marginally larger dataset of gold data is available.

3.5 A Closer Look at Synthetic Data

In this part of the discussion, we delve deeper into the reasons why our approach’s
synthetic data is beneficial for enhancing sequence tagging results. By examining

the generated data more closely, we’ve come across a number of noteworthy insights.

More Diversity = The creation of synthetic data enhances diversity, which mit-
igates the risk of overfitting. Illustrated in Figure 3.4, in the original training

data, the name “Sandrine” is consistently associated with “Testud” across various
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Gold Training Data

1. ... [B-PER Sandrine] [E-PER Testud] ( [S-LOC France]) beat ...
2. ... [B-PER Sandrine] [E-PER Testud] ( [S-LOC France]) ...

3. ... beat [B-PER Sandrine] [E-PER Testud] ( [S-LOC France]) ...
4. ... [B-PER Sandrine] [E-PER Testud] ( [S-LOC France]) beat ...

Generated Data

. ... [B-PER Sandrine] [E-PER Testud] ( [S-LOC Sweden]) ...

1 [

2. ... [B-PER Sandrine] [E-PER Nixon] fled to ( [S-LOC Egypt]) ...

3. ... [B-PER Sandrine] [E-PER Okuda] ( [S-LOC Australia]) ...

4. ... [B-PER Sandrine] [E-PER Neuumann] ( [S-LOC France]) beat ...

FIGURE 3.4: An illustration of diversity of generated data. The name “San-
drine” in the gold training data always pairs up with “Testud” in sentences.

sentences. Conversely, the synthetic data exhibits novel pairings such as “San-
drine Nixon,” “Sandrine Okuda,” and “Sandrine Neuumann.” Additionally, the
geographical references in the sentences are substituted with countries like “Swe-
den,” “Egypt,” and “Australia.” This approach enables the model to concentrate
on discerning the contextual patterns of entity occurrence rather than merely as-

sociating “Sandrine Testud” with a personal name and “France” with a location.

To objectively assess the diversity contributed by our technique and its effect, we
performed a statistical examination of the contextualized entities (CEs) in the
synthetic data for supervised English NER. A CE represents an entity and its
immediate one-word context. For instance, in “The [B-ORG European] [E-ORG
Commission| said ...”, the entity “Furopean Commission” and its CE is “The
European Commission said”. As depicted in Figure 3.5, we calculated the total
unique CEs in the original training data and the number of new unique CEs in the
synthetic data, along with their ratio. We also graph the improvement in F'1 score
using our method (gold+gen) compared to solely the original data, as indicated in
Table 3.2. Our findings reveal that the method introduces a substantial number of
new CEs, thereby enhancing the resilience of the resulting model. A higher ratio
correlates with greater F'1 improvement, demonstrating that our method effectively
addresses the issue of scarce resources by generating a wealth of new entities and
contexts. For additional details on unique entities (excluding context), refer to

Appendix A.5, which corroborates our findings.

Efficient Usage of Unlabeled Data Our approach is adaptable in incorporat-
ing unlabeled data for semi-supervised training when such data is available. We’ve
observed numerous intriguing instances in the synthetic data, demonstrating how

our method efficiently leverages unlabeled data to glean valuable insights. Take
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FIGURE 3.5: Statistics of unique contextualized entities.

the instance generated by our method, “... the [B-ORG Bank] [I-ORG of] [E-ORG
Alabama] ...”, where the term “Alabama” is not found in the original NER training
dataset. Yet, our language model recognized “Alabama” (sourced from unlabeled
data) as akin to other geographical names present in both the primary training
dataset and unlabeled data. Therefore, when creating synthetic data, the language
model can apply this term in comparable contexts or even invent new entities (for
instance, “Bank of Alabama” is a novel entity not previously seen in any training
data).

3.6 Chapter Summary

In the current chapter, we embark on a detailed exploration of the utility and effi-
ciency of language models in the generation of high-quality synthetic data, specif-
ically tailored for sequence tagging tasks in monolingual language contexts. The
pivotal aspect of this approach lies in the creation of an entirely new dataset,
which inherently introduces a diverse range of linguistic elements. This diversity
plays a crucial role in addressing and substantially reducing the prevalent issue of
overfitting, a challenge often encountered in machine learning models. Unlike tra-
ditional methods that primarily focus on modifying existing gold standard training
materials, our strategy emphasizes the construction of this dataset from the very

foundations.

This innovative method, which we have meticulously developed and proposed, has
demonstrated significant improvements in the realm of sequence tagging tasks.

The enhancements in performance are particularly noteworthy in situations where
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resources are scarce or limited. This aspect is of paramount importance, as it high-
lights the adaptability and resourcefulness of our proposed method in overcoming

the constraints of limited data availability.

Furthermore, our approach showcases a remarkable ability to integrate both un-
labeled data and extensive knowledge bases effectively. This is achieved within
a semi-supervised training framework, which is a testament to the flexibility and
efficiency of our method. The incorporation of these elements is instrumental in
enriching the training process, thereby leading to more robust and well-rounded
machine learning models. This strategy not only broadens the scope of applicability

of our approach but also enhances its effectiveness in diverse real-world scenarios.

In summary, this chapter provides a comprehensive examination of a novel ap-
proach to generating synthetic data for sequence tagging in monolingual languages.
Through this method, we address key challenges such as overfitting and limited re-
source availability, while also expanding the potential of incorporating varied data
sources in a semi-supervised learning environment. The encouraging results ob-
tained from various tagging exercises underscore the efficacy and potential of our

proposed methodology in advancing the field of language model applications.

3.7 Supplementary Materials

3.7.1 Statistics of Thai and Vietnamese NER Data

We present the number of sentences in Thai and Vietnamese NER data in Table 3.7.

Lang. train dev test

vi 18,922 500 500
th 11,272 499 490

TABLE 3.7: Number of sentences in TH and VI NER data.

3.7.2 Experiments on Tag-Word vs. Word-Tag

We conduct experiments to compare the performance of Tag-Word and Word-Tag

for the tagging tasks. All of the other settings are same as the corresponding
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experiments presented in the main paper. Results are reported in Table 3.8 to
3.10. Tag-Word yields better average performance for NER and E2E-TBSA, while
Word-Tag slightly outperforms Tag-Word for POS tagging.

Lang. Method 1k 2k 4k 6k 8k full average

Tag-Word 59.39 69.48 75.68 78.65 80.19 83.70 74.52
Word-Tag  58.97 67.32 7545 78.06 80.43 83.58 73.97

en

TABLE 3.8: CoNLL NER F1: Tag-Word vs. Word-Tag.

Lang. Method 1k 2k 4k 8k 15k average

Tag-Word 79.06 8243 8593 90.38 92.75 86.11
Word-Tag 79.18 82.64 86.13 90.33 9268 86.19

en

TABLE 3.9: Universal Dependencies POS accuracy: Tag-Word vs. Word Tag.

Lang. Method 2k 4k  full(6k) average

Tag-Word 54.22 61.72  62.88 59.61
Word-Tag 55.58 59.42 61.65 58.88

en

TABLE 3.10: E2E-TBSA micro F1: Tag-Word vs. Word-Tag.

3.7.3 Experiments on Oversampling Ratios

We conduct experiments to compare different oversampling ratios for NER task.
Results are reported in Table 3.11. The notation goldx N means we oversample

gold by repeating it N times in the shuffled static training data.

3.7.4 Semi-supervised Experiments on Part of Speech Tag-

ging

Dataset  We use the English POS data from Universal Dependencies treebanks
for evaluation on this task. We merge GUM, ParTUT, PUD and Lines corpora
to build the English dataset. Similar to the semi-supervised experiments on NER,

we also utilize unlabeled Wikipedia sentences for training.

Experimental Settings We use 1k, 2k, 4k, 6k and 8k sentences randomly
sampled from English POS gold data as well as the full dataset to evaluate our
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Lang. Method 1k 2k 4k  average

goldx1 59.74  69.14  76.48 68.45
goldx2 60.92 69.79 76.57  69.09
en goldx3 61.13 70.42 74.92 67.24
gold x4 61.15 70.61 76.82 69.53
goldxb  61.43 70.38 76.43 69.41

TABLE 3.11: CoNLL NER F1: comparison on different oversampling ratios.

method. We follow the same experimental setting as the semi-supervised experi-
ments on NER to generate synthetic data, train the sequence tagging models and
evaluate on the POS test data.

Results and Analysis We report accuracy of wt and gen,q (average of 3 runs)
in Table 3.12. Our method outperforms the baseline method wt when the number
of gold sentences are less than 8k. When the number of gold sentences are more

than 8k, the performance of our method is comparable with wt.

Method 1k 2k 4k 6k 8k all
gold 79.18 82.17 85.83 88.62 90.21 93.00

+wt 81.11 84.00 86.91 89.64 90.88 93.20
+gen,q 82.11 84.93 87.52 89.98 90.84 93.12

TABLE 3.12: Semi-supervised POS accuracy.

3.7.5 Synthetic Data Diversity: Unique Entities

To quantitatively measure the diversity introduced by our method in the supervised
English NER tasks, we count the number of unique entities (without context) in

the gold and generated data. Results are presented in Figure 3.6.

12000 gold

10000 gen
—— gen/gold

8000 Flgow + gen — Flgoia

sooy |

4000 1 [+
2000 r
04

1k 2k 4k 6k 8k all
Data Size

= g ™ UI‘-'
w o w o
Ratio / F1 Improvement

# Unique Entities

=
o

FIGURE 3.6: Statistics of unique entities (without context)
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3.7.6 Average Runtime

Table 3.13 is an illustration of the average runtime of our models in English NER,
POS and E2E-TBSA tasks and RNNLM.

Task 1k 2k 4k 6k 8k all
NER 26.5 70,5 1244 1679 216.3 393.2
POS 83.6 1123 231.1 257.7 277.2 298.0
E2E-TBSA - 89.3 150.8 269.2 - -

RNNLM 0.7 1.1 2.0 2.7 3.3 3.9

TABLE 3.13: Average runtime (min).

3.7.7 Computing Infrastructure

We conduct our experiments on NVIDIA V100 GPU.



Chapter 4

Developing a Task-Specific
Multilingual Dialogue System
Incorporating Local Entities and

Contexts in a Global Setting

4.1 Background

In the preceding chapters, the discourse predominantly centered on the domain
of information extraction, underscoring its role as a cornerstone in the array of
fundamental Natural Language Processing (NLP) tasks. This exploration has laid
a critical foundation for understanding the intricate mechanisms by which data
is systematically retrieved and processed from natural language sources. Never-
theless, to fully appreciate the scope and potential of NLP, it is imperative to
broaden our perspective beyond these foundational tasks and delve into the realm
of downstream applications, most notably, dialogue systems. Such systems epit-
omize the practical implementation of NLP techniques, transforming theoretical
concepts into tangible, user-interactive platforms. They exemplify the evolution of
NLP from mere information extraction to the creation of dynamic, responsive, and
intelligent communication interfaces, thereby representing a significant leap in the

practical application of NLP methodologies.

69
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et I
London [l Shanghai ﬁ

iy

o . o , HEE EsH M. R
I'm looking for an attraction to visit in London. : & (I'm looking for an attraction to visit in Shanghai.)
& IR,

@: I will recommend the British Museum. (T will recommend Oriental Pear| Tower.)

A. Use Case: E&E B. Use Case: F&F
BB M. R I'm looking for an attraction to visit in Shanghai. : {®
(I'm looking for an attraction to visit in London.)
(&) FkitE7= The British Museum, &@: I will recommend ZR758A%k .
(T will recommend The British Museum.) (T will recommend Oriental Pear| Tower.)
C. Use Case: F&E D. Use Case: E&F

FIGURE 4.1: Examples of four use cases for multilingual ToD systems: A. Use
Case E&E: A English speaker travels to a country of English. B. Use Case F&F:
A foreign language speaker travels to a country of the foreign language. C. Use
Case F&E: A foreign language speaker travels to a country of English. D. Use
Case E&F: A English speaker travels to a country of a foreign language.

One of the fundamental objectives in pursuit of artificial intelligence is to en-
able machines with the ability to intelligently communicate with human in natural
languages, with one of the widely-heralded applications being the task-oriented
dialogue (ToD) systems [219, 220]. Recently, ToD systems have been successfully
deployed to assist users with accomplishing certain domain-specific tasks such as
hotel booking, alarm setting or weather query [221-224], thanks to the joint ad-
vent of neural networks and availability of domain-specific data. However, most
existing ToD systems are predominately built for English, limiting their service for
all of the world’s citizens. The reason of this limitation lies in the stark lack of
high-quality multilingual ToD datasets due to the high expense and challenges of

human annotation [21].

Moreover, the challenge of localization in NLP with respect to cultural context is
exemplified by the difficulty in adapting sentiment analysis tools across different
cultural backgrounds. Sentiments expressed in one culture may carry different con-
notations in another, making it challenging to maintain accuracy without cultural
adaptation. For instance, the phrase "break a leg,” commonly used in Western
cultures to wish someone good luck, might be misinterpreted as a literal nega-
tive expression in other cultures. Thus, without localization that respects cultural
nuances, NLP models can fail to accurately interpret and process language in a

culturally sensitive manner.
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One solution to this is annotating conversations in other languages from scratch,
e.g., CrossWoZ [225] and BiToD [226]. However, these methods involve expensive
human efforts for dialogue collection in the other languages, resulting in a limited
language/domain coverage. The other major line of work focused on translating an
existing English ToD dataset into target languages by professional human trans-
lators [227-230]. Despite the increasing language coverage, these methods simply
translated English named entities (e.g., location, restaurant name) into the target
languages, while ignored the fact that these entities barely exist in countries speak-
ing these languages. This hinders a trained ToD system from supporting the real
use cases where a user looks for local entities in a target-language country. For
example in Figure 4.1, a user may look for the British Museum when traveling to

London (A.), while look for the Oriental Pearl Tower when traveling to Shanghai

(B.).

In addition, prior studies [231, 232] have shown that code-switching phenomena
frequently occurs in a dialogue when a speaker cannot express an entity imme-
diately and has to alternate between two languages to convey information more
accurately. Such phenomena could be ubiquitous during the cross-lingual and
cross-country task-oriented conversations. One of the reasons for code-switching is
that there are no exact translations for many local entities in the other languages.
Even though we have the translations, they are rarely used by local people. For ex-
ample in Figure 4.1 (C.), after obtaining the recommendation from a ToD system,
a Chinese speaker traveling to London would rather use the English entity “British
Museum” than its Chinese translation to search online or ask local people. To verify
this code-switching phenomena, we have also conducted a case study (4.7.1) which
shows that searching the information about translated entities online yields a much
higher failure rate than searching them in their original languages. Motivated by
these observations, we define three unexplored use cases of multilingual ToD where
a foreign-language speaker uses ToD in the foreign-language country (F&F) or an
English country (F&E), and an English speaker uses ToD in a foreign-language
country (E&F'). These use cases are different from the traditional E&E use case

where an English speaker uses ToD in an English-speaking country.

To bridge the aforementioned gap between existing data curation methods and the
real use cases, we propose a novel data curation method that globalizes an exist-

ing multi-domain ToD dataset beyond English for the three unexplored use cases.
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Specifically, building on top of MultiWoZ [124] — an English ToD dataset for dia-
logue state tracking (DST), we create GlobalWoZ, a new multilingual ToD dataset
in three new target-languages via machine translation and crawled ontologies in

the target-language countries.

Our method only requires minor human efforts to post-edit a few hundred machine-
translated dialogue templates in the target languages for evaluation. Besides, as
cross-lingual transfer via pre-trained multilingual models [60, 93, 233, 234] has
proven effective in many cross-lingual tasks, we further investigate another ques-
tion: How do these multilingual models trained on the English ToD dataset transfer
knowledge to our globalized dataset? To answer this question, we prepare a few
baselines by evaluating popular ToD systems on our created test datasets in a

zero-shot cross-lingual transfer setting as well as a few-shot setting.

Our contributions include the following:

e To the best of our knowledge, we provide the first step towards analyzing three

unexplored use cases for multilingual ToD systems.

e We propose a cost-effective method that creates a new multilingual ToD dataset
from an existing English dataset. Our dataset consists of high-quality test sets
which are first translated by machines and then post-edited by professional trans-
lators in three target languages (Chinese, Spanish and Indonesian). We also
leverage machine translation to extend the language coverage of test data to

another 17 target languages.

e Our experiments show that current multilingual systems and translate-train
methods fail in zero-shot cross-lingual transfer on the dialogue state tracking
task. To tackle this problem, we propose several data augmentation methods to
train strong baseline models in both zero-shot and few-shot cross-lingual transfer

settings.

4.2 Related Work

Over the last few years, the success of ToD systems is largely driven by the joint
advent of neural network models [221-223] and collections of large-scale annotation

corpora. These corpora cover a wide range of topics from a single domain (e.g.,
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ATIS [235], DSTC 2 [236], Frames [237], KVRET [221], WoZ 2.0 [238], M2M
[239]) to multiple domains (e.g., MultiWoZ [124], SGD [240]). Most notably among
these collections, MultiWoZ is a large-scale multi-domain dataset that focuses on
transitions between different domains or scenarios in real conversations [124]. Due
to the high cost of collecting task-oriented dialogues, only a few monolingual or
bilingual non-English ToD datasets are available [225, 226, 241]. While there is an
increasing interest in data curation for multilingual ToD systems, a vast majority
of existing multilingual ToD datasets do not consider the real use cases when using
a ToD system to search for local entities in a country. We fill this gap in this paper

to provide the first analysis on three previously unexplored use cases.

4.3 Data Curation Methodology

In order to globalize an existing English ToD dataset for the three aforementioned
use cases, we propose an approach consisting of four steps as shown in Figure 4.2:
(1) we first extract dialogue templates from the English ToD dataset by replac-
ing English-specific entities with a set of general-purpose placeholders (4.3.1); (2)
we then translate the templates to a target language for both training and test
data, with one key distinction that we only post-edit the test data by professional
translators to ensure the data quality for evaluation (4.3.2); (3) next, we collect
ontologies [242] containing the definitions of dialogue acts, local entities and their
attributes in the target-language countries (4.3.3); (4) finally, we tailor the trans-
lated templates by automatically substituting the placeholders with entities in the

extracted ontologies to construct data for the three use cases (4.3.4).

4.3.1 Automatic Template Creation

We start with MultiWoZ 2.2 [243] — a high-quality multi-domain English ToD
dataset with more accurate human annotations compared to its predecessors Mul-
tiWoZ 2.0 [124] and MultiWoz 2.1 [244]. For the sake of reducing human efforts for
collecting ToD context in the target languages, we re-use the ToD context written
by human in MultiWoZ as the dialogue templates. Specifically as shown in Fig-
ure 4.2, we replace the English entities in MultiWoz by a set of general-purpose

placeholders such as [attraction-nameO] and [attraction-postcodel], where
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FIGURE 4.2: Illustration of our proposed pipeline: 1. Automatic Template
Creation 2. Labeled Sequence Translation 3. Localized Ontologies Collection 4.
Automatic Template Filling

each placeholder contains the entity’s domain, attribute and ID. To do so, we
first build a dictionary with entity-placeholder pairs by parsing the annotations
of all dialogues. For example, from a dialogue text — “I recommend Whale of a
time and the post code is cb238el.”, we obtain two entity-placeholder pairs from its
human annotations, i.e., (Whale of a time, [attraction-name0]) and (cb238el,
[attraction-postcodel]). Next, we identify entities in the dialogue by their
word index from the human annotations, replace them with their placeholders in
the dictionary, and finally obtain dialogue templates with placeholders. Notably,
we skip the entities with their attributes of [choice] and [ref] that represent
the number of choices and booking reference number, as these attributes could be

used globally.

4.3.2 Labeled Sequence Translation

Following [245] that translates sentences with placeholders, we use a machine trans-
lation system! to translate dialogue templates with our designed placeholders. As
we observe, a placeholder containing an entity domain, attribute and ID (e.g.,
attraction-name0) is useful to provide contextually meaningful information to

the translation system, thus usually resulting in a high-quality translation with

'We use Google Translate (https://cloud.google.com/translate), an off-the-shelf MT sys-
tem.


https://cloud.google.com/translate
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the placeholder unchanged. This also enables us to easily locate the placeholders

in the translation output and replace them with new entities in the target language.

To build a high-quality test set for evaluation, we further hire professional trans-
lators to post-edit a few hundred machine-translated templates, which produces
natural and coherent sentences in the target languages. With the goal of selecting
representative test templates for post-editing, we first calculate the frequency of
all the 4-gram combinations in the MultiWoZ data, and then score each dialogue
in the test set by the sum of the frequency of all the 4-gram combinations in the
dialogue divided by the dialogue’s word length. We use this scoring function to es-
timate the representiveness of a dialogue in the original dataset. Finally, we select
the top 500 high-scoring dialogues in the test set for post-editing. We also use the
same procedure to create a small high-quality training set for few-shot cross-lingual

transfer setting.

4.3.3 Collection of Local Ontology

Meanwhile, we crawl the attribute information of local entities in three cities from
public websites (e.g., tripadvisor.com, booking.com) to create three ontologies for
the three corresponding target languages respectively. We select Barcelona for
Spanish (an Indo-European language), Shanghai for Mandarin (a Sino-Tibetan
language) and Jakarta for Indonesian (an Austronesian language), which cover a

set of typologically different language families.

Given a translated dialogue template, we can easily sample a random set of entities
for a domain of interest from a crawled ontology and assign the entities to the
template’s placeholders to obtain a new dialogue in the target language. Repeating
this procedure on each dialogue template, we can easily build a high-quality labeled
dataset in the target language. The number of our collected entities are either
larger than or equal to those in the English data except for the “train” domain;
we collected the information about only 100 “trains” for each languages due to the

complexity in collecting relevant information.



76 4.4. Task & Settings

4.3.4 Template Filling for Three Use Cases

After the above steps, we assign entities in a target language to the translated
templates in the same target language for the F&F case, while assigning target-
language entities to the English (source-language) templates for the F&E case. As
for the E&F case, we keep the original English context by skipping the translation
step and replace the placeholders with local entities in the target language (see

Figure 4.2 for examples).

To sum up, our proposed method has three key properties: (1) our method is
cost-effective as we only require a limited amount of post-editing efforts for a test
set when compared to the expensive crowd-sourced efforts from the other studies;
(2) we can easily sample entities from an ontology to create large-scale machine-
translated data as a way of data augmentation for training; (3) our method is
flexible to update entities in a ToD system whenever an update of ontology is

available, e.g., extension of new entities.

4.4 Task & Settings

4.4.1 Dialogue State Tracking

Our experiments focus on the dialogue state tracking (DST), one of the funda-
mental components in a ToD system that predicts the goals of a user query in
multi-turn conversations. We follow the setup in MultiWoZ [124] to evaluate ToD
systems for DST by the joint goal accuracy which measures the percentage of

correctly predicting all goals in a multi-turn conversation.

4.4.2 Experimental Settings

Zero-Shot Cross-lingual Transfer: Unlike prior studies that annotate a full
set of high-quality training data for a target language, we investigate the zero-shot
cross-lingual transfer setting where we have access to only a high-quality human-
annotated English ToD data (referred to as gold standard data hereafter). In

addition, we assume that we have access to a machine translation system that
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translates from English to the target language. We investigate this setting to
evaluate how a multilingual ToD system transfers knowledge from a high-resource

source language to a low-resource target language.

Few-Shot Cross-lingual Transfer: We also investigate few-shot cross-lingual
transfer, a more practical setting where we are given a small budget to annotate
ToD data for training. Specifically, we include a small set (100 dialogues) of high-
quality training data post-edited by professional translators (4.3.2) in a target
language, and evaluate the efficiency of a multilingual ToD on learning from a few

target-language training examples.

4.5 Proposed Baselines

We prepare a base model for GlobalWoZ in the zero-shot and few-shot cross-lingual
transfer settings. We select Transformer-DST [246] as our base model as it is one
of the state-of-the-art models on both MultiWoZ 2.0 and MultiWoZ 2.12. In our
paper, we replace its BERT encoder with an mBERT encoder [93] for our base
model and propose a series of training methods for GlobalWoZ. As detailed below,
we propose several data augmentation baselines that create different training and
validation data for training a base model. Note that all the proposed baselines are
model agnostic and the base model can be easily substituted with other popular
models [223, 247]. For each baseline, we first train a base model on its training data
for 20 epochs and use its validation set to select the best model during training.
Finally we evaluate the best model of each baseline on the same test set from
GlobalWoZ. We will release GlobalWoZ and our pre-trained models to encourage

faster adaptation to future research.

4.5.1 Pure Zero-Shot (E&E)

We train a base model on the gold standard English data (E&E) and directly
apply the learned model to the test data of the three use cases in GlobalWoZ.
With this method, we simulate the condition of having labeled data only in the

2According to the leaderboards of Multi-domain Dialogue State Tracking on MultiWoZ 2.0
and MultiWoZ 2.1 on paperwithcode.com as of 11/15/2021.
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source language for training, and evaluate how the model transfers knowledge from

English to the three use cases. We use Zero-Shot (E&E) to denote this method.

4.5.2 Translate-Train

We use our data curation method (4.3) to translate the templates by an MT system
but replace the placeholders in the translated templates with machine-translated
entities to create a set of pseudo-labeled training data. Next, we train a base model
on the translated training data without local entities, and evaluate the model on

the three use cases.

We denote this method as Translate-Train.

4.5.3 Single-Use-Case Training

By skipping the human post-editing step in our data curation method (4.3), we
leverage a machine translation system to automatically create a large set of pseudo-
labeled training data with local entities for the three use cases. In the F&F case, we
translate the English templates by the MT system and replace the placeholders in
the translated templates with foreign-language entities to create a training dataset.
In the F&E case, we replace the placeholders in the translated templates with the
original English entities to create a code-switched training dataset. In the E&F
case, we use the original English templates and replace the placeholders in the
English templates with foreign-language entities to create a code-switch training
dataset. With this data augmentation method, we can train a base model on each

pseudo-labeled training dataset created for each use case. We denote this method

as SUC (Single-Use-Case).

4.5.4 Bi-/Multi-lingual Bi-Use-Case Training

We investigate the performance of combining the existing English data and the
pseudo-labeled training data created for one of the three use cases (i.e., F&F,
F&E, E&F), one at a time, to do bi-use-case training. In the bilingual training, we
only combine the gold English data (E&E) with the pseudo-labeled training data
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in one target language in one use case for joint training. We denote this method
as BBUC (Bilingual Bi-Use-Case). In the multilingual training, we combine gold
English data (E&E) and pseudo-labeled training data in all languages in one use
case for joint training. We denote this method as MBUC (Multilingual Bi-Use-
Case).

4.5.5 Multilingual Multi-Use-Case Training

We also propose to combine the existing English data (E&E) and all the pseudo-
labeled training data in all target languages for all the use cases (F&F, F&E, E&F).
We then train a single model on this combined multilingual training dataset and
evaluate the model on test data in all target languages for all three use cases. We
denote this method as MMUC (Multilingual Multi-Use-Case).

4.6 Experiment Results

In this section, we show the results of all methods in the zero-shot (4.6.1) and

few-shot (4.6.2) settings.

4.6.1 Zero-shot Cross-lingual Transfer
4.6.1.1 Use Case F&F, F&E and E&F

Table 4.1 reports the joint goal accuracy of all proposed methods on the three
different sets of test data in the F&F, F&E, and E&F use cases. Both Zero-Shot
(E&E) and Translate-Train struggle, achieving average accuracy of less than 10 in
all use cases. Despite its poor performance, Zero-Shot (E&E) works much better
in F&E than F&F, while its results in F&F and E&F are comparable, indicating
that a zero-shot model trained in E&E can transfer knowledge about local English
entities more effectively than knowledge about English context in downstream use
cases. Besides, we also find that Zero-Shot (E&E) performs better on the Spanish

or Indonesian context than the Chinese context in F&E. One possible reason is
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Case Methods zh es id avg
Zero-Shot (E&E) 1.22 1.38 1.26 1.28
Translate-Train 2.61 2.59 5.74 3.65

F&F  SUC (F&F) 36.97 24.66 25.26 28.96

BBUC (E&E + F&F)  37.32 25.52  26.39  29.74
MBUC (E&E + F&F)  38.01  26.03 28.22 30.76

Zero-Shot (E&E) 6.92 11.34 9.09 9.12
Translate-Train 2.28 4.97 4.67 3.97
F&E  SUC (F&E) 56.28 41.94 47.93 48.71

BBUC (E&E + F&E)  59.87  48.20 54.79  54.29
MBUC (E&E + F&E)  60.37 53.56 54.93 56.28

Zero-Shot (E&E) 1.69 181 1.82 1.77
Translate-Train 1.39 1.76 1.86 1.67
E&F SUC (E&F) 38.56 28.00 43.82 36.79

BBUC (E&E + E&F)  39.87 27.29 4548 37.54
MBUC (E&E + E&F) 40.20 29.22 47.06 38.83

TABLE 4.1: Zero-shot cross-lingual accuracy on DST over three target languages
in three use cases.

that English is closer to the other Latin-script languages (Spanish and Indonesian)
than Chinese.

Our proposed data augmentation methods (SUC, BBUC, MBUC) perform much
better than non-adapted methods (Zero-Shot (E&E) and Translate-Train) that do
not leverage any local entities for training. In particular, it is worth noting that
even though Translate-Train and SUC both do training on foreign-language entities
in F&F and E&F, there is a huge gap between these two methods, since Translate-
Train has only access to the machine-translated entities rather than the real local
entities used by SUC. This huge performance gaps not only show that Translate-
Train is not an effective method in practical use cases but also prove that having
access to local entities is a key to building a multilingual ToD system for practical

usage.

Comparing our data augmentation methods SUC and BBUC, we find that the base
model can benefit from training on additional English data (E&E), especially yield-
ing a clear improvement of up to 5.58 average accuracy points in F&E. Moreover,
when we increase the number of languages in the bi-use-case data augmentations
(i.e., MBUC), we observe an improvement of around 1 average accuracy points in
all three use cases w.r.t. BBUC. These observations encourage a potential future
direction that explores better data augmentation methods to create high-quality

pseudo-training data.



Chapter 4. Developing a Task-Specific Multilingual Dialogue System

Incorporating Local Entities and Contexts in a Global Setting 81
MBUC 50
(ESE+F&F) 30.76 32.60 53.28
MBUC 40
B (ERE+FAE) o |
£ 30
[*]
MBUC
= (E&E+E&F) ’ ' 2l -20
MMUC 10
(AR 33.81° 54.03 38.75 51.95

F&E+E&F)

F&F F&E E&F E&E Avg
Use cases

FIGURE 4.3: Performance of MMUC vs MBUC on the test data of the four use
cases, F&F, F&E, E&F and E&E.

4.6.1.2 One Model for All

Notice that we can train a single model by MMUC for all use cases rather than
training separate models, one for each use case. In Figure 4.3, we compare MMUC
and MBUC (rows) on the test data in the four use cases (columns). Although
MMUC may not achieve the best results in each use case, it achieves the best
average result over the four use cases, indicating the potential of using one model

to simultaneously handle all the four use cases.

4.6.2 Few-shot Cross-lingual Transfer

In few-shot experiments, we use the same scoring function based on frequency of
all 4-gram combinations (4.3.2) to select 100 additional dialogues from train set for
human-post editing, and create high-quality training data for each of the three use
cases. To avoid overfitting on this small few-shot dataset, we combine the few-shot
data with the existing English data for training a base model (Few-Shot+Zero-
Shot (E&E)). Next, we also investigate a model trained with additional synthetic
data created by our proposed SUC. In Figure 4.4, we find that our proposed SUC
without additional few-shot data has already outperformed the model trained with
few-shot data and English data (Few-shot + Zero-Shot (E&E)), indicating that
the model benefit more from a large amount of pseudo-labeled data than a small
set of human-labeled data. If we combine the data created by SUC with the few-

shot data or with both few-shot and English data to train the model, we observe
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FIGURE 4.4: Few-shot cross-lingual average joint accuracy on DST over three
target languages in three use cases.

improvements over SUC, especially with a clear gain of 8.06 accuracy points in
F&E.

4.7 Discussion

4.7.1 Motivation for Code-Switched Use Cases

One key research question is to validate whether code-switched use cases with
local entities (i.e., F&E, E&F) are practically more useful for information seeking.
To answer this question, we compare the failure rate of using local entities and
machine-translated entities in information search, which is a proxy to the efficiency
of using these two types of entities in conversations. We first randomly select 100
entities (33 attractions, 33 hotels and 34 restaurants) of Cambridge, Shanghai,
Barcelona and Jakarta. We translate the English entities into Mandarin, Spanish
and Indonesian and the foreign-language entities into English via Google Translate.
We then manually search the translated entities on Google to check whether we
can find the right information of the original entities. Notice that the failure of
the above verification partially come from the translation error made by Google
Translate, or the search failure due to the fact that this entity does not have a
bilingual version at all. In Table 4.2, we observe a high failure rate of around 60%
for almost all translated directions (except Zh—FEn) due to translation and search

failures, significantly exceeding the low failure rate of searching original entities
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Translate Search En—Z7h En—FEs En—Id Zh—FEn Es—FEn Id—En
4 4 35 42 36 62 30 31
v X 61 34 51 18 18 15
X v 0 24 13 11 50 54
X X 4 0 0 8 2 0

Failure Case (MTed Entities) 65 58 64 37 70 69
Failure Rate (MTed Entities) 65%  58%  64% 37%  70%  69%
Failure Rate (Original Entities) 3% 3% 3% 0% 1% 0%

TABLE 4.2: The search and translation results of 100 translated entities on
Google. En—Zh refers to the translation of English entities to Mandarin and
Zh—En refers to the translation of Mandarin entities to English.

50 48.28 F&F Test
Translate-Test
40 1 36.67 37.90
30 28.76
20 A
10 A
5.74
2.61 2.59 3.65
0 T T T T
Zh Es Id Avg

FIGURE 4.5: Joint accuracy of Translate-Train for DST on the F&F Test vs
Translate-Test data.

online. Besides, even if we can find the right information of the translated entities,
local people may not recognize or use the translated entities for communication,

thus this results in inefficient communication with local people.

4.7.2 Overestimate of Translate-Train

In previous translation-based work, a multilingual ToD system is usually built
based on the translation of English training data (Translate-Train), and is evalu-
ated on translated test data without any local entities (Translate-Test). To verify
whether this procedure is reliable to build a multilingual ToD system, we also cre-
ate a test dataset with translated entities instead of local entities in the target
languages. As shown in Figure 4.5, we find the Translate-Train model performs
well on the test data with translated entities, but performs badly on the test data

with real local entities. To the best of our knowledge, we provide the first analysis
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to identify this performance gap between the translated test data and data with
real local entities in a more realistic use case. Our work sheds light on the develop-
ment of a globalized multilingual ToD system in practical use cases. We can tackle
the challenge of localization issues by exploring new data augmentation method.
Alternatively we can also explore new methods from the model level by building
modular network to update the entities or perform transfer learning to adapt to

new case without retraining.

4.7.3 Local Context vs. Local Entities

We compare the impact of training a model on data with either local contexts
or local entities when the model is evaluated on monolingual test data in F&F
and E&E. Specifically, when the train set has access to local context only, all the
entities in the train set are replaced by entities in non-target languages. Similarly,
when the train set has access to local entities only, the contexts in the train set
are replaced by context in the non-target languages. Table 4.3 shows that both

local contexts and local entities are essential to building ToD systems in the target

language.
Train Set E&E (en) F&F (zh) F&F (es) F&F (id) avg
Local Context Only 5.46 1.77 2.37 2.40 3.20
Local Entities Only 6.39 0.36 2.41 2.75 3.05
Local Context & Entities 52.78 36.97 24.66 25.26 38.13

TABLE 4.3: Comparison of training with local context or/and local entities on
the joint accuracy for DST in E&E (en) and F&F (zh, es, id).

4.7.4 Scaling up to 20 Languages

With our proposed data curation method, it is possible to extend the dataset to
cover more languages without spending extra costs if we skip the human post-
editing step. Before doing so, one key question is whether the evaluation on the
translated data without human post-editing is reliable as a proxy of the model per-
formance. Thus, we conduct the experiments by evaluating the model performance
of all baselines (4.5) on two sets of test data built with local entities: (1) MT test

data where translated template is created by machine translation only (4.3.2); (2)
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Use Case F2F ‘ F2E

Methods MT Test MTPE Test ‘ MT Test MTPE Test
Zero-Shot (E&E) 1.29 1.28 9.64 9.12
Translate-Train 3.71 3.65 4.17 3.97

SUC 35.78 28.96 56.15 48.71
BBUC 36.31 29.74 57.84 54.29
MBUC 37.89 30.76 58.76 56.28
Spearman’s correlation 1.0 1.0

TABLE 4.4: Comparison of average joint accuracy on DST reported on MT test
data and MTPE test data for use case F&F and F&E

MTPE test data where translated template is first translated by machines and
post-edited later by professional translators. As shown in Table 4.4, the overall
reported results on MT test data are higher than those reported on MTPE test
data, which is expected because the distribution of the MT test data is more sim-
ilar to the MT training data. Although there are some differences on individual
languages, the conclusions derived from the evaluations on the MT test data re-
main the same as those derived from the evaluation on the MTPE test data. We
also calculate the Spearman rank correlation coefficient between the average re-
sults reported on MTPE test data and MT test data in Table 4.4, which shows a
statistically high correlation between the system performance on the MT test data
and MTPE test data. Therefore, we show that the MT test data can be used as a
proxy to estimate the model performance on the real test data for more languages.
Thus we build MT test data for another 17 languages that are supported by Google
Translate, Trip Advisor and Booking.com at the same time. Table 4.5 shows the
results of Zero-Shot (E&E) and SUC on the test data of F&F, F&E and E&F in
20 languages. The results show that the model has the best performance in the

F&E use case compared with the other two use cases, which is consistent with our
findings in Table 4.1.

4.8 Chapter Summary

In this chapter, we embark on an in-depth exploration of three novel and hitherto

unexplored applications for multilingual task-oriented dialogue (ToD) systems. Our
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TABLE 4.5: Average results of Zero-Shot (E&E) on test data of F&F, F&E and
E&F in 20 languages.

investigation is anchored around the formulation and implementation of an inno-
vative approach to data curation. This approach distinctively integrates a machine
translation system with local entities specific to the target languages, thereby facil-
itating the creation of an unprecedented multilingual ToD dataset, herein referred
to as GlobalWoZ.

Elaborating further, we introduce a comprehensive set of robust baseline method-
ologies. These methodologies have been meticulously designed and are instrumen-
tal in laying the groundwork for subsequent research endeavors in the realm of
multilingual ToD systems. To validate the effectiveness and applicability of these
methodologies, we have conducted a series of extensive and rigorous experiments
utilizing the GlobalWoZ dataset. These experiments are pivotal in demonstrating

the practicality and potential of the proposed baseline methods.

Moreover, a significant aspect of our research is the expansion of linguistic coverage
within the domain of multilingual ToD systems. We have successfully extended this
coverage to encompass a total of 20 languages. This expansion is not just a mere
quantitative increase; it represents a substantial stride towards the realization of a
truly globalized multilingual ToD system. Such a system is envisioned to serve the
diverse linguistic needs of the world’s populace, bridging communication gaps and

fostering more inclusive and effective dialogue across a myriad of languages.

In conclusion, the contributions of this chapter are multifaceted. Firstly, it presents
a novel methodology for data curation that is poised to revolutionize the way mul-
tilingual ToD datasets are developed. Secondly, it establishes a set of strong base-
line methods that lay a solid foundation for future research in this field. Thirdly,

through exhaustive experimental analysis, it validates the effectiveness of these
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methods. Finally, it significantly broadens the linguistic scope of multilingual ToD
systems, taking a decisive step towards the creation of a globalized platform that

caters to the linguistic diversity of the global citizenry.

4.9 Ethical Review

In this section, we would like to address the ethical concerns. All the professional
translators in this project have been properly compensated. For Chinese and Span-
ish, we have followed the standard procurement requirements and engaged three
translation companies for quality and price comparison. A small sample of the
data had been given to them for MTPE and we then compared their translation
results. Following that, we selected the company that produced the best sample
translation, and submitted the full translation orders according to the agreed price
quotations. For Indonesian, three translation companies were also requested to
provide sample MTPE, but our quality check found the quality of these samples
to be unsatisfactory. So, no company was engaged, and our in-house Indonesian
linguistic resources were used instead. These Indonesian linguists were assigned to
work on this project during normal working hours and given proper compensation

complying with the local labor laws.

4.10 Supplementary Material

4.10.1 Comparison of Four Use Cases

Speaker Country

Use Case Source ToD (ToD Context) (ToD Ontology)

F&F Foreign Lang. Foreign Lang.
F&E . Foregin Lang. English
E&F English English Foreign Lang.
E&E English English

TABLE 4.6: Four use cases of multilingual ToD systems: A foreign language or
English speaker travels to a country of a foreign language or English.
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4.10.2 Examples of Labeled Sequence Translation

DETECT LANGUAGE ENGLISH SPANISH FRENCH v g CHINESE (SIMPLIFIED) ENGLISH SPANISH v
| recommend [restaurant-name0] in [restaurant- X FHE7F [restaurant-areal] A [restaurant-name0], ¢
areal]|

*: Did you mean: | recommend [restaurant-name] in [restaurant-area 1]. L _
W& tuljian [restaurant-area1] zhdng de [restaurant-name0]

JU)) 53 /5000 - L D] oz <
Send feedback
DETECT LANGUAGE ENGLISH SPANISH FRENCH v g CHINESE (SIMPLIFIED) ENGLISH SPANISH v
| recommend [restaurant-name0] in [restaurant- X Recomiendo [restaurant-name0] en [restaurant- ¢
areal]| areal].

*: Did you mean: | recommend [restaurant-name] in [restaurant-area 7]

& 0 53/5000 - 0 Dbz <
Send feedback
DETECT LANGUAGE ENGLISH SPANISH FRENCH v g INDONESIAN SPANISH CHINESE (SIMPUFIED) v
I recommend [restaurant-name0] in [restaurant- X Saya merekomendasikan [restaurant-name0] di A¢
areat].

[restaurant-areat].
*: Did you mean: | recommend [restaurant-name] in [restaurant-area 7).
¢ 0 53/5000 - £h) bz <

Send feedback

FIGURE 4.6: An instance of labeled sequence translation with google translate,
from English to three target languages, Mandarin, Spanish and Indonesian.



Chapter 4. Developing a Task-Specific Multilingual Dialogue System
Incorporating Local Entities and Contexts in a Global Setting 89

4.10.3 BLEU Score of MT versus MTPE Test Template

Languages Zh Es Id Avg
BLEU Score 55.61 49.33 48.97 51.30

TABLE 4.7: BLEU Scores of MT Test Template using MTPE Test Template as
reference.
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4.10.4 Test Set Distribution

% Number of Dialogues in Test Data
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

train

taxi
restaurant_train 15.50
restaurant
hotel_train 14.40
hotel_restaurant_taxi
hotel_restaurant
hotel

16.30

dialogue_domain

attraction_train
attraction_restaurant_taxi
attraction_restaurant
attraction_hotel_taxi
attraction_hotel

attraction

(I) 2‘5 5‘0 7‘5 1(I)0 12‘5 150 17‘5 200
Number of Dialogues in Test Data
FIGURE 4.7: Gold English Test Set Distribution by Domains. We follow this

distribution to select the top 500 high-scoring dialogues in the test set for post-
editing.
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4.10.5 Selected Languages

Language  ISO639-1code Language Family # Wikipedia articles (in millions) High / Middle/ Low Resource ~ Writing Script Selected City
English en IE: Germanic 6.35 High Latin Cambridge
Swedish sV IE: Germanic 2.95 High Latin Stockholm
German de IE: Germanic 2.61 High Latin Berlin
French fr IE: Romance 2.35 High Latin Paris
Dutch nl IE: Germanic 2.06 High Latin Amsterdam
Russian T IE: Slavic 1.74 High Chyrillic Moscow
ITtalian it IE: Romance 1.71 High Latin Rome
Spanish es IE: Romance 1.71 High Latin Barcelona
Japanese ja Japonic 1.28 High Ideograms Tokyo
Vietnamese vi Austro-Asiatic 1.27 High Latin Ho Chi Minh City
Mandarin zh Sino-Tibetan 1.22 High Chinese ideograms Shanghai
Arabic ar Afro-Asiatic 1.13 High Arabic Cairo
Portuguese pt 1E: Romance 1.07 High Latin Lisbon
Indonesian id Austronesian 0.59 Middle Latin Jakarta
Norwegian no IE: Germanic 0.56 Middle Latin Oslo
Korean ko Koreanic 0.55 Middle Hangul Seoul
Turkish tr Turkic 0.42 Middle Latin Istanbul
Hebrew he Afro-Asiatic 0.30 Low Hebrew Tel Aviv
Danish da IE: Germanic 0.27 Low Latin Copenhagen
Greek el 1E: Greek 0.20 Low Greek Athens
Thai th Kra-Dai 0.14 Low Brahmic Bangkok

TABLE 4.8: Statistics about languages in the cross-lingual benchmark. The
selected 21 languages (including English) belong to 8 language families and 1
isolate, with Indo-European (IE) having the most members. We categorize the
languages with more than 1 million, more than 400 thousand but less than 1
million, less than 400 thousand Wikipedia articles as high resource languages,
middle resource languages and low resource languages. For each language, we
select one city for each language to collect localized ontology.
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4.10.6 Statistics of Entities in the Collected Ontology

Languages rest. hotel attr. train taxi

en 110 33 79 2828 222

zh 3000 496 1000 100 4496
es 3000 426 1000 100 4426
id 3000 999 792 100 4791
ar 2989 680 1000 100 4669
da 2343 165 1000 100 3508
de 2988 659 1000 100 4647
el 2600 1000 1000 100 4600
fr 3000 1000 1000 100 5000
he 1558 258 1000 100 2258
it 3000 800 1000 100 2800
ja 2967 864 1000 100 4831
ko 2990 532 1000 100 4522
nl 2990 537 1000 100 4527
no 1293 95 77 100 2145
pt 2993 951 1000 100 4944
ru 2985 531 1000 100 4516
sV 3000 214 891 100 4105
th 2995 1000 1000 100 4995
tr 2986 533 1000 100 4519
vi 2991 773 1000 100 4764

TABLE 4.9: Statistics of entities in the collected ontology in different languages.
We count the number of entities in the database of each domain. Noticed that
in the Taxi database of MultiWoZ, it only list down the taxi colors, taxi types
and taxi phones. The taxi destination and departure refer to the entities in the
restaurant, hotel and attraction domains. Thus, we use the sum of the number
of entities in Restaurant, Hotel and Attraction domains as a proxy of the total
number of entities in taxi domain. Besides, we follow MultiWoZ to collect one
hospital and one police station for each city.
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4.10.7 Statistics of GlobalWoZ

Use Case  F&F F&E E&F

Languages Train & Dev  Method Test Method Train & Dev Method Test Method Train & Dev Method Test Method
zh 9438 MT 1000 MTPE 9438 MT 1000 MTPE 9438 Human 1000 Human
es 9438 MT 1000 MTPE 9438 MT 1000 MTPE 9438 Human 1000 Human
id 9438 MT 1000 MTPE 9438 MT 1000 MTPE 9438 Human 1000 Human
ar 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
da 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
de 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
el 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
fr 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
he 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
it 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
ja 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
ko 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
nl 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
no 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
pt 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
ru 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
SV 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
th 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
tr 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human
vi 9438 MT 1000 MT 9438 MT 1000 MT 9438 Human 1000 Human

TABLE 4.10: Statistics of created dataset, GlobalWoZ for each use case in each
target language. For E&F, as the context is the original Engish data, we consider
it is created by human. For test data of zh, es and id, we replace the entities
twice to boostrap the test data to 1000 dialogues. We are currently preparing

the post editing of the other 500 dialogues in test data.

Meanwhile, we are

leveraging machine translation to prepare the train data for the 17 languages
and will release it with baselines in the next version soon.
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4.10.8 Dialogue Examples

Gold E&E Data

Hi can you help me find a very nice Italian restaurant near the centre of Cambridge?: {&

&: Please specify your price range.

\®): Zizzi Cambridge serves Italian in the centre.

It doesn't matter. : (&

Can | have the address, phone number, and postcode?;@

&: Certainly. the address is 47-53 regent street with the postcode of cb21ab. their

phone number is 01223365599. is there anything else?

MT Data with Local Entities

U8 | (RAEREHAE CIBmhp ORISR TID 7 @

(Hi can you help me find a very nice Asian Cuisine restaurant near the centre of Shanghai?)

@ iSRSNI ERE,
(Please specify your price range.)
CEEN. R
(It's cheap.)

@ BT R ORI,

(Shou'er Menxianhui supplies Asian Cuisine in the centre.)

HAE b, BIESARRERS ? &
Can i have the address, phone number, and postcode?)

& M8, MHEIEEEE306S | RERRED /9200000, fEAIHRIESTER
+86 21 5497 6668, EHZIHITID ?

(Certainly. The address is 396 Guilin Road, and the postal code is 200000.
Their phone number is +86 21 5497 6668. Is there anything else?)

MTPE Data with Local Entities
7 | (REERRAE ESTeR OB — RIS 2

(Hello, can you help me find a very delicious Asian Cuisine restaurant near the center of
Shanghai?)

& IR — RIS
(Please tell me about your preferred price range.)
EENHT. R

(As long as it's cheap.)

&) ERIBEECIES P ORI,
(Shou'er Menxianhui serves Asian Cuisine in the centre.)

BRI — T ERIBE, FEIEFIERRID 2 :
(Would it be convenient for you to tell me its address,
phone number and postcode?)

&: 278, MHEREEREE96S | HEIRAGR200000, fHfiIHIFEIESHIRE+86 21 5497
6668, EHEEMATLAEASD ?

(Certainly. The address is 396 Guilin Road, and the postcode is 200,000. Their phone
number is +86 21 5497 6668. Is there anything else that can help you?)

FI1GURE 4.8: Examples of some utterances in original E&E data, MT data and

MTPE data,
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4.10.9 Summary of Proposed Baselines

Methods En Context En Entities Local Context Local Entities Translated Entites
Zero-Shot (E&E) v 4

Translate-Train v v

SUC (F&F) v

SUC (F&E) v 4

SUC (E&F) v

TABLE 4.11: Accessibility of different types of context and entities for each
method.

Methods E&E F&F F&E E&F
Zero-Shot (E&E) v

Translate-Train

SUC (F&F) 4
SUC (F&E) 4
SUC (E&F) 4

BBUC (E&E + F&F)
BBUC (E&E + F&E)
BBUC (E&E + E&F)

MBUC (E&E + F&F)
MBUC (E&E + F&E)
MBUC (E&E + E&F) 4

MMUC (E&E + F&F + F&E + B&F) ¢ v v

v

SNN[XXXN

TABLE 4.12: Accessibility of data in each use case for each method. Noticed that
Translate-Train doesn’t have access to the data of the four use cases. Translate-
Train has access to a set of pseudo-labeled training data created by replacing the
placeholders in the translated template with machine-translated entities instead
of local entities.
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4.10.10 Use Case E&E

We also compare the performance of all methods on the original E&E test data.
As Zero-Shot (E&E) is trained on monolingual English training data, it gets a
high accuracy of 52.78 on the English test data. In contrast, Translate-Train and
SUC (F&F) perform poorly on the English test data, because both of them have
no access to any English data. Comparing to SUC (F&F), SUC (F&E) and SUC
(E&F) achieve higher accuracy scores as they either have access to English context
or English entities. When we perform bilingual and multilingual joint training (i.e.,
BBUC and MBUC), the base model has a performance increase except MBUC
(E&E + E&F). This shows that bilingual and multilingual joint training may be
used to improve the performance on source language. Further research can be done

in this line.

Methods En
Zero-Shot (E&E) 52.78
Translate-Train 2.27
SUC (F&F) 1.09
SUC (F&E) 6.39
SUC (E&F) 5.46

BBUC (E&E + F&F)  52.87
BBUC (E&E + F&E)  53.69
BBUC (E&E + E&F)  53.05

MBUC (E&E + F&F)  53.28
MBUC (E&E + F&E)  53.43
MBUC (E&E + E&F)  51.75

TABLE 4.13: Joint accuracy on DST in three target languages on the English
test data.
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4.10.11 Breakdown of Few Shot Results

Zero Shot (E&E)
Use Case  Zh Es 1d Avg

F2F 122 138 126 1.28
F2E 6.92 11.34 9.09 9.12
E2F 1.69 181 1.82 1.77

Few Shot + Zero Shot (E&E)
Use Case  Zh Es Id Avg

F2F 1593 713 12.09 11.72
F2E 39.88 39.38 43.26 40.84
E2F 20.61 14.17 1855 17.78
SUC
Use Case  Zh Es 1d Avg
F2F 36.97 24.66 25.26 28.96
F2E 56.28 41.94 47.93 48.71
E2F 38.56 28.00 43.82 36.79

Few Shot + SUC
Use Case  Zh Es 1d Avg

F2F 37.81 25.15 39.51 34.16
F2E 58.39 ©53.03 ©54.02 55.15
E2F 38.75 27.66 44.23 36.88

Few Shot + Zero Shot (E&E) + SUC
Use Case  Zh Es 1d Avg

F2F 37.52 2644 40.15 34.70
F2E 59.21 54.93 56.17 56.77
E2F 39.561 27.84 4548 37.61

TABLE 4.14: A breakdown of few-shot cross-lingual average joint accuracy on
DST over three target languages in three use cases.
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4.10.12 Concrete Examples where Translate-Train Performs

Badly on the Test Data with Real Local Entities.

Through investigation, we found that the Translate-Train method usually per-
formed badly in two main scenarios. Figure 5.5 is the illustrations of the two
scenarios. Scenario 1 is when the Translate-Train can predict values that are close
to the meaning of the ground truth values but suffer from the problems of trans-
lationese. For example, model trained with Translate-Train may predict ” % & /&
"7 (gastropub), which is a direct translation of gastropub and not commonly used
in Chinese instead of 7 /&84 (bar). Scenario 2 is when Translate-Train needs
to predict the name of real localized entities which Translate-Train doesn’t have
access to. For example, trained with Translate-Train may predict ” R 4 /R /& J5”
(Gonville Hotel) which is a direct translation of Gonville Hotel, instead of ” X j&

B J&” (Hanting Hotel) which is unseen in Translate-Train training data.

Prediction:
restaurant-area: (') (center)
restaurant-food: SEE&ENE (gastropub)
restaurant-pricerange: 424/ (mild)

Prediction:
hotel-name: [RI4E/RSEE
(Gonville Hotel)

Ground Truth:
restaurant-area: i) (city center)
restaurant-food: &EIEE (bar)
restaurant-pricerange: I&+HY (moderate)

Ground Truth:
hotel-name: X EEEE
(Hanting Hotel)

Scenario 1 Scenario 2

FIGURE 4.9: Concrete examples where Translate-Train performs badly on the
test data with real local entities.

4.10.13 Breakdown of the Results of Local Context vs Lo-
cal Entities by Languages
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E&E (en)

Context vs Entities lavender Zh Es Id Avg

En_Context lavender 5.37 5.33 5.67 5.46

En_Entites lavender 3.49 7.78 7.90 6.39
F&F (zh)

Context vs Entities lavender En  lavender Es lavender Id ~ Avg

Zh_Context lavender 1.74 lavender 1.77 lavender 1.80 1.77

Zh Entites lavender 0.27 lavender 0.73 lavender 0.10 0.36
F&F (es)

Context vs Entities En lavender Zh Id Avg

Es_Context 1.73 lavender 2.01 3.37 2.37

Es_Entites 3.92 lavender 0.44 2.86 241
F&F (id)

Context vs Entities En lavender Zh Es Avg

Id_Context 2.07 lavender 2.18 2.94 2.40

Id_Entites 3.92 lavender 0.84 3.48 2.75

TABLE 4.15: A breakdown of comparison of the impact of local context and local
entities on joint accuracy for DST in each language. The cases where context
and entities are in different script types are highlighted in lavender color.

Train Set different script type same script type
Local Context Only 2.48 3.52
Local Entities Only 0.98 4.98

TABLE 4.16: Comparison of the impact of script type on Local Context Only vs
Local Entities Only. It shows that training with local entities is more important
if the entities and contexts are written in the same type of language script (e.g.
Latin script), otherwise training with local contexts is more important.

4.10.14 Breakdown of MT Test Data vs MTPE Test Data
by Languages
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Languages Zh Es Id

F2F MT MTPE MT MTPE MT MTPE
Zero-Shot (E&E) 1.19 1.22 1.40 1.38 1.28 1.26
Translate-Train 2.50 2.61 2.81 2.59 5.81 5.74
SuC 37.79 3697 2695 24.66 42.59 25.26
BBUC 38.62 37.32 27.34 2552 4296 26.39
MBUC 39.11  38.01 29.17 26.03 4539 28.22
Spearman’s correlation 1.00 1.00 1.00

F2E MT MTPE MT MTPE MT MTPE
Zero-Shot (E&E) 7.61 6.92 11.67 11.34 9.64 9.09
Translate-Train 2.25 2.28 5.25 4.97 5.03 4.67
SuC 57.10 56.28 55.70 41.94 55.64 47.93
BBUC 59.05 59.87 57.68 48.20 56.80 54.79
MBUC 60.48 60.37 57.04 53.56 58.23 54.93
Spearman’s correlation 1.00 0.90 1.00

TABLE 4.17: Spearman rank correlation coefficient between the results on
MTPE test data and MT test data for each language.



Chapter 5

Utilizing Large Language Models
for Data Labeling in Natural

Language Processing Tasks

5.1 Background

In the contemporary landscape of Large Language Models (LLMs), a paradigmatic
shift in data annotation practices is observable, heralding a new era where the
benefits of artificial intelligence become increasingly ubiquitous. This transition
is marked by the move from traditional, labor-intensive annotation methods to
more dynamic, Al-driven approaches, facilitating a significant increase in efficiency
and accuracy. Large Language Models, by virtue of their extensive training on
diverse datasets, are now equipped to understand and process information with a
level of sophistication that closely mimics human cognitive abilities. Consequently,
this evolution in data annotation not only accelerates the pace of data processing
but also enhances the quality of insights derived from such data. As a result, the
democratization of Al benefits is anticipated, with a broad spectrum of sectors —
from healthcare and education to finance and transportation — poised to experience
transformative impacts. This shift is not merely a technological advancement but
a cornerstone in the journey towards a more interconnected and intelligent digital
ecosystem, where the boundaries of Al’s potential are continually expanding to

encompass and enrich every aspect of human life.

101
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The democratization of artificial intelligence (AI) [248, 249] aims to provide ac-
cess to Al technologies to all members of society, including individuals, small- and
medium-sized enterprises (SMEs), academic research labs, and nonprofit organi-
zations. Achieving this goal is crucial for the promotion of innovation, economic
growth, and fairness and equality. As typical Al models are usually data-hungry,
one significant obstacle of AI democratization is the preparation of well-annotated

data for training Al models.

Specifically, supervised learning critically depends on sufficient training data with
accurate annotation, but data annotation can be a costly endeavor, particularly
for small-scale companies and organizations [250]. The cost of data annotation
typically includes the labor costs associated with the labeling process, as well as
the time and resources required to hire, train and manage annotators. Addition-
ally, there may be costs associated with the annotation tools and infrastructure
needed to support the annotation process. Individuals or small-scale organizations
may not have resources to annotate sufficient training data, thereby are unable to
reap the benefits of contemporary Al technologies. Although the development of
pre-trained language models such as BERT [251], XLNet [252], GPT-2 [94] and
RoBERTa [111] eases the data-hungry issue to some extent, data annotation re-

mains an unavoidable challenge for supervised model training.

GPT-3 [96, 253]" is a powerful large language model developed by OpenAl. Evalu-
ations show that GPT-3 has gained through pretraining a surprisingly wide range
of knowledge, which can be transferred to downstream tasks through knowledge
distillation [254]. Due to the model architecture and pretraining tasks designed
for auto-regressive generation, GPT-3 is capable of generating human-like text and
performing a broad array of NLP tasks, such as machine translation, summariza-
tion, and question-answering. However, the direct use of GPT-3 for inference in a
production setting remains challenging due to its size and computational require-
ments. Moreover, such large language models often lack the flexibility of local
deployment, since their parameters are usually not publicly available. In contrast,
it is often more feasible to use smaller language model models, such as BERTgasg

[251], in production environments.

In this chapter, we investigate the ability of GPT-3 to annotate training data for

training machine learning models, which can substantially lower the annotation

'For brevity, we refer to both the original GPT-3 and InstructGPT as GPT-3.
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cost and level the playing field for individuals or small organizations, so that they
can harness the power of Al in their own missions. The process can be considered as
distilling the knowledge of GPT-3 to small networks that can be straightforwardly

deployed in production environments.

We conduct extensive experiments to evaluate the performance, time, and cost-
effectiveness of 3 different GPT-3 based data annotation approaches for both
sequence- and token-level NLP tasks. Our main contributions can be summarized

as follows:

e We conduct comprehensive analysis of the feasibility of leveraging GPT-3 for

data annotation for complex NLP tasks.

e We study 3 different GPT-3 based data annotation approaches, and then conduct
extensive experiments on both sequence- and token-level NLP tasks to evaluate

their performance.

e We find that directly annotating unlabeled data is suitable for tasks with small
label space while generation-based methods are more suitable for tasks with large

label space.

e We find that generation-based approaches tend to be more cost-effective com-

pared with directly annotating unlabeled data.

5.2 Related Work

Large Language Models Large Language Models (LLMs) have made signifi-
cant progress on natural language processing tasks in recent years. These models
are trained with self-supervision on large, general corpora and demonstrate ex-
cellent performance on numerous tasks [96, 255-261]. LLMs possess the ability to
learn in context through few-shot learning [96, 262]. Their capabilities expand with
scale, and recent research has highlighted their ability to reason at larger scales

with an appropriate prompting strategy [260, 263-267].

[268] investigate methods to utilize GPT-3 to annotate unlabeled data. However,
they mainly focus on the generation and sequence classification tasks. In this
work, we conduct more comprehensive experiments and analysis on a wider range

of settings, covering both sequence- and token-level tasks. In a recent work, [269]
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demonstrate a worker-and-Al collaborative approach for dataset creation with a
few seed examples, while we also analyse approaches that support zero-shot training

data generation, which do not require any seed examples.

Prompt-Learning Prompt-Learning, also known as Prompting, offers insight
into what the future of NLP may look like [263, 265, 270]. By mimicking the pro-
cess of pre-training, prompt-learning intuitively connects pre-training and model
tuning [271]. In practice, this paradigm has proven remarkably effective in low-data
regimes [272, 273]. For instance, with an appropriate template, zero-shot prompt-
learning can even outperform 32-shot fine-tuning [274]. Another promising char-
acteristic of prompt-learning is its potential to stimulate large-scale pre-trained
language models (PLMs). When applied to a 10B model, optimizing prompts
alone (while keeping the parameters of the model fixed) can yield comparable per-
formance to full parameter fine-tuning [263]. These practical studies suggest that
prompts can be used to more effectively and efficiently extract knowledge from
PLMs, leading to a deeper understanding of the underlying principles of their

mechanisms.

Data Augmentation There has been a significant amount of research in NLP
on learning with limited labeled data for various tasks, including unsupervised pre-
training [57, 251, 252, 275, 276], multi-task learning [277, 278], semi-supervised
learning [279], and few-shot learning [280-282]. One approach to address the need
for labeled data is through data augmentation [283, 284], which involves generating
new data by modifying existing data points using transformations based on prior
knowledge about the problem’s structure [285]. The augmented data can be gen-
erated from labeled data [245, 286] and used directly in supervised learning [287]
or employed in semi-supervised learning for unlabeled data through consistency

regularization [288].
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GPT3 GPT3-generated
unlabeled data GPT3 labeled data labeled data

Prompt-Guided Unlabeled Data Annotation Prompt-Guided Training Data Generation

.

o ikidata\s
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GPT3 GPT3-generated
labeled data

Dictionary-Assisted Training Data Generation

F1GURE 5.1: Illustrations of our proposed methods.

5.3 Methodology

We study 3 different approaches to utilize GPT-3 for data annotation: 1) prompt-
guided unlabeled data annotation (PGDA); 2) prompt-guided training data gener-
ation (PGDG); and 3) dictionary-assisted training data generation (DADG). Illus-
trations are shown in Figure 5.1. Overall, these 3 approaches can be regarded as
in-context learning [289], a new paradigm that is getting popular in NLP. Under
this paradigm, a language model “learns” to do a task simply by conditioning on

liop, a list of input-output pairs (IOP). ? More formally,
yi = GPT-3(lop, i) (5.1)

where x; is the query input sequence and y; is the text generated by GPT-3.
For comparison, the performance, cost, and time spent on the three methods are
monitored. We also report the results of Prompted Direct Inference (PGI),
which is to instruct GPT-3 to directly annotate the test data.

5.3.1 Prompt-Guided Unlabeled Data Annotation (PGDA)

The first approach involves the creation of prompts to guide GPT-3 in annotating

unlabeled data. To this end, task-specific prompts are designed to elicit labels

2Under the zero-shot settings, where ljop is not provided, our methods become instruction-
tuning [290].
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( A

Choose the sentiment of the
given text from Positive and
Negative.

Text: a feast for the eyes
Sentiment: Positive

Text: boring and obvious
Sentiment: Negative

Text: [Unlabeled Data]
Sentiment:

S J

FIGURE 5.2: An example of Prompt-Guided Unlabeled Data Annotation
(PGDA) for SST2.

from GPT-3 for a given set of unlabeled data. In our experiments, the unlabeled
data is derived from human-labeled datasets by removing the existing labels. The
resulting GPT-3-labeled data is then used to train a local model to predict human-
labeled test data, with the performance of this model being evaluated. As shown
in Figure 5.2, an instruction with few-shot examples is given to GPT-3, followed
by unlabeled data. GPT-3 is then prompted to predict labels for the unlabeled
data.

5.3.2 Prompt-Guided Training Data Generation (PGDG)

The second approach is to utilize GPT-3 to autonomously generate labeled data
for the specified task. This method involves the creation of prompts that guide
GPT-3 to self-generate labeled data, which is subsequently used to train a local
model to predict on human-labeled test data for the purpose of evaluation. For
example, to generate training data with the relation "head of government”, we
can first "teach” GPT-3 to generate head-tail entity pairs that have the specified
relation as illustrated in Figure 5.3. After we obtain the generated triplets (head-
tail entity pairs with specified relation), as shown in Figure 5.4, we can then instruct
GPT-3 to generate a sentence with the given entities and relation. Compared with
tagging approach, a significant benefit of the generation-based approach is that

it does not require a long list of label definitions specified in the prompt. For
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( A

Generate 20 different Head En-
tity and Tail Entity with the
given Relation.

Relation: head of government
Relation Definition: head of the ex-
ecutive power of this town, city, mu-
nicipality, state, country, or other gov-
ernmental body

Relation: head of government
Head Entity: United States; Tail
Entity: Chester Alan Arthur

S J

FIGURE 5.3: An example of prompting GPT-3 to generate entities for the rela-
tion "head of government” for FewRel.

( 7

Generate a sentence with the
given entities and relation.
Relation: head of government
Head Entity: United States; Tail
Entity: Chester Alan Arthur

Text: Chester Alan Arthur , 21st
President of the United States , died
of this disease , November 18 , 1886

Relation: head of government
Head Entity: Entityl; Tail Entity:
Entity2

(. J

FI1GURE 5.4: An example of prompting GPT-3 to generate a sentence with the
given entities and the relation ”head of government” for FewRel.

example, to generate NER data, it can first generate entities of each entity type

(e.g. organisation, person, etc.) and then generate a sentence with mixed entities.
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5.3.3 Dictionary-Assisted Training Data Generation (DADG)

The third method is designed to utilize dictionary as an external source of knowl-
edge to assist GPT-3 to generate labeled data for a specific domain. In our ex-
periments, we choose Wikidata® as the dictionary. The data generated through
this Wikidata-guided process is subsequently used to train a local model to predict
human-labeled test data for the purpose of evaluating performance. For instance,
to generate training data with the relation "head of government”, we first query the
head-tail entity pairs under the relation P6, relation ID of “head of government”,
from Wikidata. Upon obtaining the entity pairs from Wikidata, GPT-3 can then
be instructed to generate a sentence with the specified entity pairs and relation.
An advantage of this approach is that it can leverage knowledge base in specific
domains, particularly when the domains are not present in the pre-trained corpus,
thus allowing for the incorporation of external knowledge into GPT-3 without the

need for fine-tuning.

5.4 Experiments

5.4.1 Experiment Settings

In this study, we conduct extensive experiments on both sequence- and token-level
NLP tasks. The sequence-level tasks include sentiment analysis (SA) and relation
extraction (RE). The token-level tasks include named entity recognition (NER)
and aspect sentiment triplet extraction (ASTE).

More specifically, we use the SST2 dataset [113] for sentiment analysis, a well-
known dataset comprising movie reviews. For relation extraction, we use FewRel
[291], a large-scale relation extraction dataset. For NER, we use the AI domain
split from the CrossNER dataset [292], which is the most difficult domain within
the dataset and more closely mirrors real-world scenarios with its 14 entity types.

For aspect sentiment triplet extraction, we use the laptop domain split released by
[122].

Shttps://www.wikidata.org
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To simulate the production scenario, we assume that the user has access to the
off-shelf GPT-3 API. In all our experiments, we use text-davinci-003*, the latest
GPT-3 model. In addition, we assume that the user uses BERTgasg for production
and has access to a few data points and Wikidata for each task. For each task,
the resulting data of each approach is post-processed and reformatted into the
same format of human-labeled data before being used to fine-tune a BERTgAsE
model. In order to accurately determine the cost and time required for human
labeling, we conduct interviews and consultations with linguists and professional

data annotators to obtain a precise estimation.

5.4.2 Sequence-Level Task
5.4.2.1 SST2

Annotation Approaches In PGDA, we randomly sample 10-shot data of the
train set of the SST2 dataset to construct a prompt template, as illustrated in
Figure 5.2. The prompt is used to guide GPT-3 in generating sentiment labels
for the unlabeled data. In DADG, the ability of GPT-3 to perform Wikidata-
guided few-shot generation is tested. We query entities in Wikidata from the
movie domain. We then use the entities together with the same 10-shot data to

prompt GPT-3 to generate sentences with a specified sentiment.

Results Table 5.1 presents the results of three different approaches. Overall,
PGDA demonstrates the best performance among the three approaches. By la-
beling the same 3,000 data points, PGDA achieves an accuracy of 87.75, which
is only 0.72 lower than that of human-labeled data. However, the cost and time
consumed for PGDA are significantly lower than those for human labeling. By
labeling 6,000 data, PGDA achieves a better performance than the human-labeled
3,000 data, while the cost is approximately 10% of the cost of human labeling.
PGDG performes much worse than PGDA and human-labeled data. However, it
also demonstrates a distinct advantage in terms of cost and time efficiency when
generating the same amount of data compared with alternative approaches. DADG

approach, which involves generating data with in-domain entities, does not result

4Released on 28 Nov 2022. Please refer to https://beta.openai.com/docs/models for more
details.
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Approach 1;;1;11;1;):‘ (Sgi;) (;{‘/}fﬁ:) Results
PGDA 6010 nes 7 s
PGDG 000 e ;l: 655
DADG 2888 11_1387 iﬁi gfg?

palepink 3000 221 - 300 1000 88.47
palepink 67349 4800 - 6700 22740 93.52

PGI lavender 1821 7.33 12 95.77

Human Labeled

TABLE 5.1: Costs, time spendings and results of SST2. tmeans multiprocessing
(5 processes) is enabled. Time for manual labeling excludes the time spent on
instruction preparation and training.

in better performance. This is because entities are not typically key factors in
the sentiment classification task, as most entities are neutral and do not provide
additional information relevant to sentiment. Furthermore, since a large portion
of the data in SST2 does not contain any entities, the sentences generated using
DADG do not follow the same distribution as the test data in SST2, leading to
poorer performance. For comparison purposes, the result of PGI is also presented.
It is suggested that, for small-scale applications, it is practical to use GPT-3 to

directly label unlabeled data.

5.4.2.2 FewRel

The FewRel dataset is used for RE experiments. The original FewRel dataset,
proposed for meta-learning, is re-formulated to a supervised learning setting. The
train data of FewRel, which comprises 64 distinct relations and 700 labeled in-
stances for each relation, is divided into a new train/dev/test split (560/70/70). It
is to simulate the real-world application of GPT-3 to annotate data for tasks with
large label spaces. For FewRel experiments, we follow [251] to fine-tune BERTpasE
on the data created by the three approaches for 3 epochs. Subsequently, the fine-
tuned model is evaluated on the human-labeled test data to assess the quality of
data produced by the proposed approaches. The number of samples annotated or
generated by each approach is determined by assuring the costs of each approach

are comparable.
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Annotation Approaches The FewRel dataset poses significant challenges for
the PGDA approach, primarily due to the complexity of instructing GPT-3 to com-
prehend the 64 relations. Due to the cost and maximum token length constraints
of the GPT-3 API, we can only include 1-shot data for each relation within the
prompt, which can make it difficult for GPT-3 to "understand” each relation. To
address these challenges, we try 5 different prompts for PGDA, with the goal of
exploring whether different prompts could be effective for tasks with large label
space. As mentioned in Section 5.3.2, in PGDG, we conduct the annotation for
RE in two steps. The first step is to instruct GTP-3 to generate head-tail entity
pairs for a specified relation and the second step is to generate sentences with the
generated triplets. We generate 200 labeled data for each relation. As mentioned
in Section 5.3.3, DADG for RE is also conducted in two steps. The first step is
to query WikiData to obtain head-tail entity pairs for a specified relation and the
second step is to generate sentences with the generated triplets. We generate 200

labeled data for each relation.

Results Table 5.2 presents the results of three different approaches. All five
proposed prompts for PGDA perform badly on the FewRel task due to the task dif-
ficulty and large label space. In contrast, the generation-based approaches, namely
PGDG and DADG, achieve much better performance with comparable costs. Even
with access to only 1-shot data, PGDG and DADG yield F1 scores of around 44
and 40 points respectively in comparison to PGDA. With access to 5-shot data, the
performances of PGDG and DADG are further improved with the increased diver-
sity of the generated data. Under comparable costs, PGDG and DADG outperform
the human-labeled data (704 data points) with 33-point and 23-point F1 scores re-
spectively. It is worth noting that the PGDG approach consistently outperforms
the DADG approach. Through analysis, it is determined that the head-tail en-
tity pairs generated by PGDG possess greater diversity than those generated by
DADG for specific relations such as religion and the language of the work. We do

not perform PGI on FewRel data as the cost is obviously much higher.
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Num. of Cost Time

Approach Samples (USD) (Mins) R Fl
PGDA1 (1-shot) 384 28.55 131 0.03 156 0.05
PGDA2 (1-shot) 384 25.40 107 0.14 1.7 0.18
PGDA3 (1-shot) 384 25.19 117 0.09 1.65 0.13
PGDAA4 (1-shot) 384 25.57 101 0.02 1.56  0.05
PGDAS5 (1-shot) 384 25.56 11 0.02 1.56  0.05
PGDG (1-shot) 12800 30.58 2851  47.82 4558 44.11
DADG (1-shot) 12800 17.16 2201 4541 4241 40.02
PGDG (5-shot) 12800 99.35 3401 70.59 67.99 67.71
DADG (5-shot) 12800 88.91 2651  59.76 60.85 57.98

palepink 704 101 - 200 640 41.92 4145 34.22

Human Labeled palepink 12800 1828 - 3584 11636  85.19 85.07 84.95
palepink 35840 6400 - 10,000 32582  87.55 87.43 87.34

PGI lavender - -

TABLE 5.2: Costs, time spendings, and results of FewRel. Time for manual
labeling excludes the time spent on instruction preparation and training. The
number of samples annotated or generated by each approach is determined by
assuring comparable costs. fmeans multiprocessing (5 processes) is enabled.

5.4.3 Token-Level Task
5.4.3.1 CrossNER

The AI domain split in CrossNER has 14 entity classes, namely product, field,
task, researcher, university, programming language, algorithm, misc, metrics, or-
ganisation, conference, country, location, person. We fine-tune BERTgasg on the

CrossNER task with corresponding data for 100 epochs with early stopping.

Annotation Approaches In PGDA for each entity type, we initiate GPT-3
to generate its definition and provide a selection of data (no more than 10-shot)
with entities belonging to the specified entity type in the prompt to assist GPT-3
in recognizing entities belonging to the same class within the unlabeled data. It is
observed that the same entity may be labeled as different entity types with different
prompts. Therefore, we also include an additional prompt to determine the final
entity type for each identified entity. Both PGDG and DADG for CrossNER are
conducted in two steps. The first step for PGDG is to prompt GPT-3 to generate
entities for each entity type. On the other hand, the first step for DADG is to
query Wikidata to get the entities of each entity type. Notice that we use no more
than 200 generated entities for each entity type in our experiments for both PGDG
and DADG. The second step of both approaches is to use the generated entities

to generate sentences within a specific domain using GPT-3. In the process of
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Num. of Cost Time
Approach Samples (USD) (Mins) Results
PGDA (10-shot) 100 15.39 21 23.08
1500 7.78 174 42.63
PGDG (Zero-shot) 3000 13.56 33t 41.35
1500 6.77 20t 46.90
DADG (Zero-shot) 40, 13.61 A0F 4722
Human Labeled  palepink 100 17 -42.85 65 42.00
PGI lavender 431  63.23 20+ 46.65

TABLE 5.3: Cost, time spending and results of CrossNER (Al Domain Split).
Time for manual labeling excludes the time spent on instruction preparation and
training. fmeans multiprocessing (5 processes) is enabled.

generating sentences for both PGDG and DADG, we randomly select a few entities

from all the entities to generate each sentence.

Results Table 5.3 presents the results of the three approaches. We find the
train data labeling method using PGDA has the worst performance yet the highest
costs among the three proposed approaches. It should be noted that there are only
100 gold train data points in the AI domain split in the CrossNER, dataset, and
these same 100 data points are labeled using PGDA. However, the cost of labeling
these 100 data points is higher than the cost of using the generation approaches
to generate 3000 data points. It is observed that GPT-3 is effective at identifying
entities in the text, but it may also identify entities that are not of the specified
entity type, resulting in incorrect labeling. Additionally, GPT-3 may not accurately
identify the boundaries of the entities. These two disadvantages make it impractical
to use PGDA for labeling data for named entity recognition (NER) in a production
setting, especially when the label space becomes bigger. The PGDG approach is
able to achieve a result comparable to the 100 human-labeled gold train data at
a lower cost. When utilizing Wikidata, the DADG approach is able to achieve a
higher result than PGDG, likely due to its ability to leverage more unique entities
and in-domain entities extracted from Wikidata. This shows that the ability to

access in-domain entities is crucial for creating high-quality training data for NER.

5.4.3.2 ASTE

We follow [293] to fine-tune BERTgagg on the ASTE task using data created by

each approach for 10 epochs and evaluate the fine-tuned models on human-labeled
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Num. of Cost Time

Approach Samples  (USD) (Mins) © R Fl
PGDA1 906 11.34 18 5703 4438 50.26
PGDA2 906 9.02 17 5078 2413 3271
PGDA3 906 12.84 19 5073 3831 43.65
PGDG1 1000 9.41 151 4436 2247 20.83
PGDG2 1000 7.68 Ut 5493 14.36 2277
PGDC3 1000 1377 18t 4510 1271 19.83
DADG 1000 1374 18f 4861 645 11.38

palepink91 13-20 180 45.14 3849 41.55
palepink 906 130 -200 1800  63.07 55.99 59.32

PGI lavender328 3.92 9 50.10 48.43 49.25

Human Labeled

TABLE 5.4: Costs, time spendings and results of ASTE (laptop domain split).
Time for manual labeling excludes the time spent on instruction preparation and
training. tmeans multiprocessing (5 processes) is enabled.

test data. We conduct our experiment under 10-shot settings.

Annotation Approaches In PGDA, we randomly sample 10-shot data from
gold train data and use them to guide GPT-3 to tag the unlabeled data. Given
the complexity of ASTE, which requires the identification of aspect, opinion, and
sentiment triplets, we try 3 different prompts to assess the impact of different
prompts on the overall performance of the tagging process. In PDGD, for compar-
ison purposes, the same 10-shot data used for PGDA is used in the experiments for
PGDG. We first instruct GPT-3 to generate aspect-opinion-sentiment triplets and
then instruct GPT-3 to generate sentences with the generated triplets. We also try
on 3 prompts under PGDG. In DADG, we query entities in laptop and computer
hardware domains from WikiData and used them as aspects. We use the prompt
that achieved the best performance for PGDG as the prompt to generate opinions
and sentiments for the aspects. Then we use the obtained triplets for sentence

generation.

Results Table 5.4 presents the results of three different approaches. PGDA
achieves the best performance compared with the other approaches. We also notice
that performance varies with different prompts, which aligns with the previous
research [294]. Similar to SST2, as entities are not the key factors for ASTE and
provide little help to this task, DADG is also outperformed by PGDA.



Chapter 5. Utilizing Large Language Models for Data Labeling in Natural
Language Processing Tasks 115

5.5 Further Analysis

5.5.1 Impact of Label Space

The results of our experiments indicate that the tagging-based approach (PGDA)
is more appropriate for tasks with smaller label spaces and clearly defined labels.
Examples of such tasks include sentence-level sentiment analysis and ASTE, which
both have small label space (2-3 labels) that can be easily distinguished, e.g. pos-
itive, negative, neutral. In contrast, the generation-based approaches (PGDG and
DADG) are better suited for tasks with larger label spaces or labels that pos-
sess a certain degree of ambiguity. Examples of such tasks include CrossNER
and FewRel, which have 14 and 64° labels respectively, and some of which may
be difficult to identify or differentiate (e.g. Misc, etc.). Both the tagging-based
and generation-based approaches have their own advantages and disadvantages.
The tagging-based approach allows for direct access to in-domain unlabeled data,
while the generation-based approaches may generate data that contains informa-
tion that was ”learned” during pre-training and may not align with the distribution
of in-domain data. However, as the label space becomes larger, the tagging-based
approach requires a lengthy prompt with examples to guide GPT-3, which can
lead to catastrophic forgetting and increase annotation costs. On the other hand,
the generation-based approaches can reformulate the task by first generating spans
with labels (e.g. entities and triplets), and then generating a sentence with the la-
beled spans. These approaches reduce label errors and avoid the challenges of span
boundary detection. In addition, generation-based approaches tend to be more
cost-effective. as the prompts used can be significantly shorter when compared to
those used in the tagging-based approach and multiple data can be generated with

a single prompt at a time.

5.5.2 Comparision with Human Annotators

Through the extensive experiments we find that GPT-3 demonstrates promising
ability to generate domain-specific data (e.g., entities in Al), structured data (e.g.,

triplets), as well as unstructured sequences at a fast speed. As discussed above,

SWe refer to the train split of the FewRel used in our experiments. The original FewRel data
has 100 labels in total.
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Chiang Mai
International Airport; Chiang Mai,
Thailand;
Generated Sentence: Chiang Mai
International Airport is the main gate-
way for air travels to and from Chiang
Mai, Thailand.

(. J

FIGURE 5.5: An example to demonstrate the generation ability of GPT-3.

GPT-3 can even be used to generate data from scratch or to convert structured
knowledge into natural sentences (Figure 5.5), eliminating the requirement of unla-
beled data. While for human annotators, it usually takes longer time to train them
for domain-specific data annotation, and their annotation speed is not comparable
with machines in most cases. Moreover, it is often more challenging for human to
construct training data without unlabeled data, or when the size of label space is
very large. Therefore, in terms of speed and domain-specific data annotation, and
in the setting of labeled data generation, large language models (LLMs) exhibits
encouraging potential. Machines are good at quickly labeling or generating a large
amount of training data. However, if we limit the number of data samples for
model training, the per-instance quality of the data annotated by human is still

higher in most cases.

5.5.3 Impact of Number of Shots

We conduct experiments on the following two datasets, SST2 and FewRel to explore
the impact of the number of shots. We find that increasing the number of shots
does not necessarily lead to better annotation results for all approaches. As shown
in Figure 5.6, for SST2, tagging approach (PGDA) can benefit from more examples
in the context, which enhances GPT-3’s ability to tag unlabeled data. However,
for the PGDG and DADG approaches, GPT-3 tends to generate data similar to
the given examples. As shown in Figure 5.7, for SST2, the data is usually not a
complete sentence and tend to be short and carry less information. Thus, with more
data examples, GPT-3 will “learn” to generate similar data with less information
and lead to poorer data quality. However, for FewRel, the data is a complete
sentence and carry lots of information and the relations between the head entity

and tail entity tend to be more implicit. Thus, with 5-shot data in the context,
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FIGURE 5.6: Experiments on the impact of number of shots. We reported the
results of 6,000 data on SST2 and 12,800 data (200 data per class) on FewRel.
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FiGurE 5.7: Examples to show the differences between the data distributions
of SST2 and FewRel data.

GPT-3 can generate data that also contain more implicit relations than only with

1-shot or zero-shot in the context.

5.6 Chapter Summary

In this chapter, we conducted a comprehensive examination of the utility of GPT-
3, a state-of-the-art large language model, as a tool for annotating data across a
range of natural language processing (NLP) tasks. This investigation is anchored
in three primary methodologies. Our in-depth experimental analysis reveals that
GPT-3 exhibits promising capabilities in the realm of data annotation for diverse
NLP tasks. This is particularly significant for entities such as individuals or organi-
zations operating under financial constraints, as the cost associated with GPT-3’s

annotation services is relatively modest compared to other options.
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A striking observation from our experiments is the performance level of models
that are trained using data annotated by GPT-3. In many instances, these models
demonstrate performance metrics that are on par with, or in some cases surpass,
models trained on datasets annotated by human experts. This finding is notewor-
thy, especially considering the reduced financial investment required for GPT-3’s
services. However, it’s imperative to acknowledge that while GPT-3’s annotation
quality is commendable, it still lags behind the precision and nuance often found in
human-annotated datasets. There remains a discernible gap in quality that future

enhancements and iterations of the model could potentially bridge.

The implications of our findings are far-reaching and shine a spotlight on the po-
tential for automated data annotation using advanced language models such as
GPT-3. We believe that the insights gleaned from our work will stimulate further
research and the development of innovative methods aimed at improving the qual-
ity of data generated by these sophisticated models. The ultimate goal is to refine
these tools to a point where they can reliably produce high-quality annotated data,
thus democratizing the field of AI. By enabling a broader spectrum of individuals
and organizations to generate their own data for model training, we are stepping
into an era where the democratization of Al becomes a tangible reality. This shift
holds the promise of leveling the playing field, allowing a wider community to

participate in and benefit from the advancements in Al technology.
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Conclusions and Future

Directions

6.1 Overall Summary

This thesis presents a comprehensive study on enhancing information extraction
and dialogue system performance in low-resource scenarios. It consists of several

research projects, each focusing on a unique aspect of this challenge.

Chapter 3 introduces a generation-based data augmentation technique specifically
designed for low-resource sequence tagging tasks. This innovative approach uses
advanced generative models to create diverse and representative datasets, address-
ing data scarcity issues. The chapter demonstrates how this method significantly
improves the accuracy and robustness of information extraction systems, particu-
larly in languages and domains with sparse data. This research has inspired follow
up research on the token-level data augmentation and generation-based data aug-

mentation for NLP.

In Chapter 4, the research shifts to the development of a multilingual task-oriented
dialogue system in the context of globalization. This system integrates local entities
and contexts within a global framework. The chapter discusses the challenges and
solutions in creating systems that operate effectively across various languages and
cultural contexts. It also highlights how incorporating local nuances can enhance

the system’s performance and relevance in a globalized environment. This research

119
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has inspired follow up research on the multilingual and foreign langauges dialogue

systems.

Chapter 5 explores the application of large language models for improved data
labeling in natural language processing tasks. This chapter delves into how these
models can automate and refine the data annotation process, significantly reducing
the time and resources needed for manual labeling. It emphasizes the effectiveness
of these models in generating high-quality, reliable labels in complex linguistic
scenarios. This has inspired research of using LLMs generated data for model

training and human-Al collaboration of data annotations.

6.2 Future Directions

In the current section, we aim to comprehensively delineate a plethora of prospec-
tive avenues for future research endeavors. This includes, but is not limited to,
the strategic expansion of previously established methodologies, enhancing their
applicability and versatility across a more expansive array of tasks and disciplines.
In addition, we emphasize the necessity of addressing and resolving the substantial
challenges inherent in the most recent and advanced techniques that represent the

forefront of our field.

Our intent is to catalyze further scholarly inquiry by broadening the scope of exist-
ing strategies, thereby enabling them to adapt to and effectively manage a diverse
range of scenarios and problem sets. This expansion is not merely a matter of
scaling up current methods, but involves a thoughtful reconfiguration and refine-
ment to ensure they are robust, efficient, and suitable for a wider spectrum of

applications.

Moreover, we recognize the imperative to confront and overcome significant hurdles
present in state-of-the-art methodologies. These cutting-edge techniques, while
representing the zenith of current research, often harbor complexities and issues
that must be meticulously examined and resolved. This entails a deep dive into
their foundational principles, operational mechanisms, and potential limitations.
By doing so, we can enhance their reliability, efficacy, and applicability, thereby

advancing the frontier of knowledge in our field.
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In summary, this section is dedicated to charting a course for future research that is
both ambitious and pragmatic. It calls for a dual approach: extending the reach of
existing methods while simultaneously refining the latest technological innovations
to address their inherent challenges. Through this dual focus, we aim to forge
a path forward that is innovative, comprehensive, and conducive to significant

advancements in our field of study.

6.2.1 Multilingual Logical and Mathematical Reasoning

In the field of artificial intelligence research, a promising avenue for future explo-
ration lies in augmenting the capabilities of Al systems to proficiently comprehend
and perform logical and mathematical reasoning in a diverse array of languages
[295-297]. This task goes beyond simple translation; it involves a deep understand-
ing of the cultural and linguistic nuances that influence different ways of reasoning.
At the heart of this challenge is the need to create Al models that are adept at
adjusting to the varied logical structures and mathematical standards that are in-
herent in different language environments. This requires a nuanced approach that

takes into account the unique aspects of each language and culture [276, 298, 299].

In addition, there’s a significant opportunity to delve into the interplay between
established frameworks of formal logic and the field of natural language processing
[300]. By integrating these two areas, Al systems could achieve a higher level of
precision in reasoning, especially in scenarios where multiple languages are involved.
This exploration could lead to groundbreaking developments in how Al understands
and processes different forms of logic and reasoning across various languages. The
focus would be on enabling AI to not just translate words, but to truly grasp
the underlying logical constructs and mathematical principles that are expressed
differently in each language. This advancement would represent a major leap in
the AT’s ability to interact with and understand a multilingual world, breaking new

ground in the field of artificial intelligence.

6.2.2 Culture-aware Multilingual NLP

The exploration within this particular domain may shift focus towards the creation

and development of Natural Language Processing (NLP) systems that are not
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only equipped to handle multiple languages simultaneously but also possess a keen
sensitivity to the various cultural aspects embedded within these languages [301-
303]. The primary goal of these sophisticated systems would be to go beyond the
realm of simple, direct translations. They would be engineered to delve deeply
into understanding and accurately interpreting the nuances of idioms, the subtle
meanings behind cultural references, and the unique contextual implications that

are specific to each language and its associated culture [304].

This would involve an advanced level of linguistic analysis where the systems are
not just translating words but are also interpreting the cultural context in which
these words are used. The essence of this endeavor is to capture the rich, cultural
underpinnings that often get lost in translation, ensuring that the true intent and

flavor of the original message are conveyed in the target language.

In addition to this, a significant and promising direction for research could be the
formulation and implementation of algorithms that are highly skilled in identifying,
understanding, and adapting to various cultural biases and nuances. This aspect of
research is crucial because each language and culture comes with its own set of bi-
ases and intricacies, which can significantly impact the meaning and interpretation
of text. By recognizing and adjusting for these cultural biases, these advanced NLP
systems would be able to provide more accurate, contextually relevant translations

and interpretations.

This would elevate the functionality and effectiveness of NLP technologies in a
wide range of international and multicultural settings [305]. By enhancing their
ability to accurately interpret and adapt to different cultural contexts, these sys-
tems could greatly improve communication across languages and cultures, making
them invaluable tools in our increasingly globalized world. The potential applica-
tions of such technology are vast, ranging from improving international business

communications to aiding in cross-cultural understanding and collaboration.
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6.2.3 Domain Adaptation in Multilingual Large Language
Models (LLMs)

Future research endeavors in the field of artificial intelligence and natural language
processing could focus on enhancing the domain-specific flexibility of large lan-
guage models [306]. This involves ensuring that these models remain effective and
reliable when inferencing across a multitude of languages. The primary objective
in this advancement would be to design and develop models that are adept at un-
derstanding, assimilating, and utilizing industry-specific jargon and concepts in a
variety of languages. By achieving this, the need for extensive retraining of these

models for each new domain or language could be significantly reduced [307].

One of the foremost challenges in this pursuit would be addressing the scarcity
of data, particularly in specialized fields, for languages that are not widely spo-
ken. This is a crucial aspect because the effectiveness of language models often
hinges on the availability and richness of the data they are trained on. Another
significant hurdle would be the development and refinement of advanced transfer
learning techniques. These techniques are essential for enabling the models to ef-
ficiently transfer and apply the knowledge acquired from one language or domain
to another, essentially learning from one context and applying that learning to a
different context. This process requires sophisticated algorithms capable of identi-
fying and leveraging the commonalities and differences between various languages

and domains.

Moreover, this research could delve into the intricacies of cross-lingual and cross-
domain nuances, ensuring that the models are not only proficient in multiple lan-
guages but also sensitive to the cultural and contextual subtleties inherent in each
language. This would involve the models being trained to understand idiomatic
expressions, colloquialisms, and cultural references, which vary greatly from one
language to another. The aim is to create models that are not only linguistically
versatile but also culturally informed, thereby enhancing their applicability and

relevance in a global context.

The success of such research could revolutionize the way we interact with technol-
ogy, making language models more accessible, efficient, and useful across a wider
range of industries and linguistic communities. It could lead to breakthroughs

in how language models are used for tasks such as translation, content creation,
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and even in understanding and predicting human behavior and preferences across

different cultures and languages.

6.2.4 Human-Al Interaction

The remarkable achievements of ChatGPT can be seen as a testament to the
broader triumphs in the field of Human-Al Interaction (HAI) [308]. This par-
ticular line of research endeavors to delve deeper into enhancing the cooperative
capabilities of Al in numerous activities, including but not limited to co-authoring
documents, programming, data co-annotation, the art of persuasion, and even in
roles akin to counselling [309]. The central objective of this research is to cultivate
Al systems that possess a profoundly sophisticated grasp of human instructions
and inputs [310]. Such systems would be adept at not only understanding but
also anticipating human needs. They would be capable of offering creative and
out-of-the-box suggestions while responding in a manner that reflects emotional

intelligence.

An essential aspect of this research involves investigating how Al can modify its
methods of communication and interaction to better resonate with the unique pref-
erences and cultural nuances of individual users. This approach is critical because
it recognizes the diverse nature of human users and their varying requirements. By
doing so, Al can become more effective in its collaborations with humans, enhanc-

ing the overall experience and productivity in a wide array of tasks.

Further exploration in this domain could potentially lead to Al systems that are
not just reactive but proactive in their interactions with humans. For instance, in
a co-writing scenario, such an Al would not only assist in generating text based
on direct prompts but also suggest alternative angles, introduce novel concepts,
and even predict questions or concerns a human collaborator might have. In pro-
gramming, the Al could foresee potential bugs or inefficiencies in code and propose

optimizations or corrections even before the human programmer identifies them.

In persuasive tasks, Al could learn to understand and adapt to the psychological
and emotional states of the human counterpart, thereby tailoring its arguments
or suggestions in a way that is more likely to be well-received. In a counselling

role, the Al could provide support and advice that is empathetic and tailored to
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the individual’s emotional state and personal history, potentially even recognizing
subtle cues in the user’s language and behavior that might indicate their mood or

needs.

Key to all these advancements is the development of Al systems that are deeply
attuned to the nuances of human language, culture, emotions, and thought pro-
cesses. This would require extensive research into natural language processing,
cultural sensitivity algorithms, emotional intelligence modeling, and predictive an-
alytics. The ultimate goal is to create Al partners that are not only efficient but
also empathetic and responsive to the full spectrum of human diversity, thereby

enhancing the quality and effectiveness of human-AI collaborations in a multitude
of fields.
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