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ABSTRACT

Chatbots are conversational systems that interact with humans via natural language.
Frequently, it is used to respond to user queries and provide them with the information they
need. To build a highly functional chatbot, a good corpus and a variety of language-related
resources are required. Since Tamil is a low-resource language those resources are not
available for Tamil. Additionally, since Tamil is also a morphologically rich language, high
inflexion and free word order pose key challenges to Tamil chatbots. Due to all the above
reasons, it is evident that developing an effective End-to-End chat system is challenging even

for a closed domain.

This study introduces a novel method for building a chatbot in Tamil by leveraging a dataset
extracted from Tamil banking website’s FAQ sections and extending it to encompass the
language's morphological complexity and rich inflectional structure. Intent is assigned to
each query, and a multiclass intent classifier is developed to classify user intent. The
CNN-based classifier demonstrated the highest performance, achieving an accuracy of

98.72%.

While previous works on short-text classification in Tamil focused only on a few classes and
used a very large dataset, our method produced a superior accuracy of over 98% using a
small number of per-class examples even when there are 56 classes and additional challenges
like class imbalance problem in the data. This shows our approach is better than any other

approach for short text classification in Tamil.

The major contribution of this research is the generation of the first-ever chat dataset for
Tamil. Our research is the first of its kind in Tamil to show how an efficient context-less
chatbot can be built using short text classification. Although this project is done for the Tamil
language and for the Banking domain, this approach can be applied to other low-resourced

languages and domains as well.
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1. INTRODUCTION

Chatbots are conversational systems that interact with humans via natural language [1].
Frequently, it is used to respond to user queries and provide them with the information they
need. Currently, most businesses answer customers' questions about their products and
services through their FAQ page or by hiring customer service agents. There are, however,
several downsides to both approaches. The FAQ pages are lengthy and non-interactive, hence
substantial effort is required to find the information the customer is looking for. As a result,

customers have difficulty accessing the information they need within a short period of time.

If you were to use human customer service agents, it would be an expensive option to choose
from. In order to provide 24x7 assistance, it is necessary to have these individuals available at
all times of the day and night. There are also instances in which there may be a delay in
responding if a significant number of people are not hired, as highlighted in Figure 1. It may
be difficult for human agents to respond to customer chats within a reasonable amount of
time if they are handling multiple chat requests at the same time. There is nothing more
frustrating than being put on hold and having to wait for a long time. It is common for
customers to switch from one business to another as a result of poor customer service
experiences. There is therefore a need to come up with a more effective solution in order to

overcome some of these issues.

Customer Support
online

< z National Bank
online

| want to order a pizza

Sure, please bear with us till | can fetch Sorry! None of our agents are available at
the moment. Live Chat is available only

the next available agent for you. between 8am and 8pm every dav.

Queue Position: 3

Est. Wait Time: 00:04:57

Figure 1: Problems with using human agents.



In order to address the problem described above, it would be most beneficial to use a
text-based conversational agent as a solution. Using a chatbot has a number of benefits that
can be attributed to it. A few of these features include quick response time, 24x7 availability,
and the fact that it costs a fraction of what it would cost to hire a customer service agent.
Hence, it's understandable that there has been a surge in global interest in chatbots in recent
years, as depicted in Figure 2. The y-axis values in Figure 2 show peak interest levels, not
query quantities. A score of 100 represents the peak interest time, with 25 indicating a quarter

of that peak interest, and so forth.

Interest over time

Peak Interest Score

Time

Figure 2: Interest in chatbot over time
1.1 Type of chatbot

Depending on the nature of the conversation, it is possible to categorize chat systems into two
categories: open-domain chat systems and closed-domain chat systems [1]. An open-domain
chat system does not have a particular focus or focus on a particular area, and the topic of the
conversation may change as the discussion progresses; a closed-domain chat system, on the
other hand, is restricted to a specific topic, industry or sector, and can only serve a specific
purpose [2]. For example, in Figure 3, if a user interacts with an open domain chatbot by
asking about today's weather and then inquiring about the winners of the 2011 cricket World
Cup, the system can address both queries, even though they are unrelated. In contrast, Figure
4 illustrates a closed domain chatbot focused solely on weather. If a user asks about the
cricket World Cup winner, this chatbot would likely respond with 'T don't understand,' as its

knowledge is confined to the weather domain.
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How is the weather today at Colombo ? How is the weather today at Colombo ?

It Is sunny taday. ITIs sunny today.

Who won the 2019 cricket world cup ? B

England cricket team

| don't understand.

Figure 3: Open Domain Chatbot Figure 4: Closed Domain Chatbot

Based on the approach used for development, the chatbot system can be categorised as a
retrieval system and generative system [2]. The retrieval-based system picks a response from
a fixed set of responses based on the input and context using a rule-based approach or by
using machine learning classifiers[3]. In generative systems responses are produced

word-by-word from scratch[4].

Based on the application of the chatbot, the chatbot system can be categorised as a
goal-oriented system and a non-goal-oriented system. The Goal-oriented chatbots are
expected to help users to complete the task. These tasks can be anything from restaurant

reservations, movie ticket booking, bank transactions, etc.

These kinds of systems engage in multiturn conversation and are expected to understand the
user input within the context of the goal and actively engage in conversation to assist the user
to complete the task. In the case of non-goal-oriented chatbots, the chatbot basically functions
as the question-answering system, when a user asks a question, it will just provide an

appropriate answer for the question.

The difference between the two systems becomes very much evident if we refer to Figures 5
and Figure 6. In Figure 5, it could be observed that the chatbot is actively asking questions to
guide the user to complete the restaurant reservation. But in Figure 6, the chatbot just

provides answers to the question asked without initiating any follow-up questions.

11



I'm looking for a nice place to eat

Ok! What kind of cuisine you are looking for ?

Italian

Great ! What kind of price range youwant ?

I want cheap ones

Ok ! Around which area you are looking for ?

ombo

0
=

Do | need to reserve seat in advance?

It is not mandatory, but we sell out soon.

Can | request specific seats?

Yes. You can choose your seat at the time of booking.

Figure 5: Goal oriented chatbot

Figure 6: Non-Goal oriented Chatbot

Based on the functionality of the chatbot, the chatbot can be divided into different levels.

Level 1 - Notification Assistants: The notification assistants just serve to deliver

notifications to the users, if the user asks any follow-up question about the notification, it will

just transfer the chat back to the human agent. Figure 7 illustrates a Level 1 chatbot.

Hi there - just a friendly reminder

that your insurance policy

expires in a month. Make sure to
renew it in our member portal.

Figure 7 - Level 1 Chatbot. Adapted from [19]

Level 2 - FAQ Assistants: The FAQ assistants just provide answers to the questions

asked by the user about the area it has extensive knowledge on. Figure 8 illustrates a Level 2

chatbot.

| need to renew my renters 9’_
insurance. How much will it be?

@ You can calculate your renewal
price on our website here:

Xyz.com/renew

Figure 8: Level 2 Chatbot. Adapted from [19]
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Level 3 - Contextual Assistants: The system understands the user query and answers

based on the context of the conversation flow. Figure 9 illustrates a Level 3 chatbot.

| need to renew my renters S"'
. o ,
insurance. How much will it be?

@ I'd be happy to check for you.
Firstly, are you still living in the
same apartment?

¢
Great - so just confirming it’s
980 sq ft?

D¢

Thanks! Your new rate from
September 1st onwards would
be $10 / month.

Would you like me to renew
your policy for you right now?

e ¢

Great. I've sent you a confirmation
to your email.

® 6 6 o

Figure 9 - Level 3 Chatbot. Adapted from [19]

Level 4 - Personalised Assistants: Chat system is personalised for each person and it

will remember your preferences and give you the ultimate, personalised interface.

Level 5 - Autonomous Organisation of Assistants: The end-to-end system is run by Al

without constant human checks and balances.

1.2 Problem in Low-Resource Chatbots

Low-resource languages present several challenges when it comes to building chatbots. There
is a lack of chat corpus, to begin with. You are very unlikely to find a good chat corpus or
other language-related resources for low-resource languages. A new corpus would have to be
created somehow for any research to take place. For low-resource languages, there are
usually high budget constraints compared to high-resource languages. Since creating a large
chat corpus is expensive, generated dataset sizes are also usually smaller. Low-resource

languages also struggle with code-mixing because of the influence of the English language.
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So a modern chatbot for low-resource languages should be able to work with smaller datasets
with few language-related resources. It also should be able to handle code-mixing and the

overall solution should be cost-effective.

1.3 Problems with Tamil Chatbot

Tamils also suffer from the same challenges as the rest of the low-resource chatbots like lack
of language-related resources, no publicly available corpus and codemixing. But in addition,
it has specific challenges related to the language. First of all Spoken Tamil and written Tamil
is different. In spoken Tamil also there are numerous dialects. There are people especially the
older population who write Tamil the way they speak. So chat corpus needs to capture these

variations to work effectively.

Tamil is a highly inflexional language. Therefore, high inflexions pose an additional
challenge. Moreover, Tamil is a free word order language, which means its subject, object,
and verb order can be freely changed. This is also a challenge. Even commercially available
Tamil chatbots today are not very effective because of all these challenges. In some chatbots,
the user is prompted to select input from predefined options instead of entering it directly. In
some chatbots, users can ask questions in Tamil but only receive responses in English. There
are only two previous research work for Tamil. The first system uses a rule-based approach
using some own language-related resources but their performance wasn’t objectively
evaluated. The next approach uses the Dialog flow chatbot framework and google cloud and
the performance was evaluated using human evaluators. The problem with this approach is it
is a paid framework and the NLU part is a completely black box, we don’t know what

happens inside.

1.4 Problem Statement

To build a highly functional chatbot, a good corpus and a variety of language-related
resources are required. Since Tamil is a low-resource language, neither any domain-specific
corpus nor any standardised resources like dictionaries, dependency tree corpora, semantic
databases, part-of-speech(POS) tagger, named-entity recognizer(NER) and Morphological
Analyser are available for Tamil. Additionally, since Tamil is also a morphologically rich

language, high inflexion and free word order pose key challenges[7] to Tamil chatbots.
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Coding-mixing of Tamil and English by some users will be a practical challenge for building
any Tamil chatbot. Currently, available Tamil chatbots dominantly suffer from these
challenges even for a closed domain. Due to all the above reasons, it is evident that

developing an effective End-to-End chat system is challenging even for a closed domain.
1.5 Motivation

Tamil is one of the national languages of Sri Lanka, the official language of Singapore and
the State of Tamil Nadu, India. It is spoken by around 70 million people in India alone. But
there is no effective chatbot system in Tamil to cater to this population. None of the available
chatbot frameworks such as Rasa, Dialogflow, Microsoft bot framework, or Facebook Bot
Engine supports the Tamil language. So by developing an effective End-to-End chatbot for
Tamil, a huge range of businesses and organisations can reach out to the Tamil population in
their native language. Any approach for developing such a chat system needs to be
generalised so it can be useful not only for a particular domain or a particular language but to

a wide range of domains and other similar low-resource languages.
1.6 Objective

This research focuses on identifying an effective approach to developing an End-to-End

closed domain Tamil Chatbot.
e Evaluate approaches used for building a closed-domain chatbot.
e Recommend a suitable approach for low-resource languages like Tamil.

e C(reate a corpus related to the banking domain as a sample use case for training and

evaluating the system

e Develop and evaluate the chatbot system which can answer questions related to the

banking domain.

15



1.7 Research Contributions

This research has several contributions as listed below.

e A novel machine learning-based approach for building an end-to-end chat system for

Tamil.

e First-ever intent annotated dataset for Tamil for the banking domain which will be

made publicly available.

e State-of-the-art Tamil intent classifier model for short text inputs in the banking

domain.
e Fully functional End-to-End Tamil Chatbot for Banking Domain.
e Two Research Publications

o A peer-reviewed research abstract published in Technological Advances in
Science, Medicine and Engineering Conference (TASME 2021), USA
(Virtual).

m Kugathasan, K., & Thayasivam, U. (2021, June). Suitable Approach
for Building End-to-End Tamil Language Chatbot for Closed Domain.
In Technological Advances in Science, Medicine and Engineering

Conference 2021.

o Full paper in peer reviewed Scopus indexed Conference - 5th International

Conference on Natural Language Processing and Information Retrieval

(NLPIR 2021), China (Virtual).

m Kugathasan, K., & Thayasivam, U. (2021, December). Retrieval-based
End-to-End Tamil language Conversational Agent for Closed Domain
using Machine Learning. In 2021 5th International Conference on
Natural Language Processing and Information Retrieval (NLPIR) (pp.
141-145).

16



1.8 Organisation

e Chapter 1: This deals with the introduction to chatbots, different types of chatbots,
problems in developing chatbots in low-resource languages, what are
language-specific problems in Tamil, problem definition, motivation, objective and

research contributions.

e Chapter 2: Explains the different technologies used for building chat systems and how

chatbots are evolved over time.

e Chapter 3: Discusses the latest approaches presented in the literature about building
chat systems. This section provides an overall survey of the latest techniques used in

English, low-resourced languages and Tamil.

e Chapter 4: Discusses the novel methodology used for building end-to-end systems in

this research.

e Chapter 5: Discussing the dataset, the experiments carried out with different machine

learning models and the chat web application developed.

e Chapter 6: This section talks about the results of machine learning models and chatbot

test results.

e Chapter 7: Results of both the machine learning models and the performance of the

chatbot are analysed in detail to find various insights.

e Chapter 8: This section talks about the conclusions of the research and the future

works.
1.9 Chapter Summary

In this chapter, the discussion started by scrutinizing the limitations associated with
employing FAQ pages and manual human agents as user support mechanisms. We then
proceeded to delve into an examination of various chatbot categories. Furthermore, we
addressed the intricacies linked to developing chatbots for languages with limited resources,

highlighting the specific challenges encountered in the context of the Tamil language.
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Collectively, these discussions culminated in the identification and delineation of the
underlying problem. Subsequently, we transitioned into the realm of motivation, elucidating
the driving force behind addressing this issue. Within this context, we elaborated on the
project's objectives, shedding light on the distinctive research contributions that this endeavor
brings to the fore. Lastly, we outlined the organizational structure of the subsequent chapters,

providing an overview of the logical progression that readers can anticipate.

18



2. EVOLUTION OF CONVERSATIONAL SYSTEMS

The efforts to come up with a system that is capable of having a conversation started way
back in 1960. As highlighted in Figure 10, over the years, several techniques, such as pattern
matching, Markov chains, ontologies, AIML, chat script, and machine learning, have been

adopted to enhance the sophistication of such systems.

1966 1996 1997 2000 2010 2011
Pattern Markov Ontologies AIML Chat Script  Machine
Matching and Chain Learning
Parsing Maodel

Figure 10: Evolution of Chat technology
2.1 Pattern matching

The pattern matching approach was the first and most common approach to building chatbots
in the early days of chat systems when they were used primarily for just answering questions.
Almost all chatbot systems that exist today use some variant of some pattern-matching
algorithm in order to detect distinct patterns. In spite of the fact that there are a variety of
approaches to pattern matching, the basic idea remains the same regardless of how complex
those approaches may be. Pattern-matching algorithm is widely used in chatbots that operate

within a close domain. Figure 11 depicts the description of a simple pattern-matching system.

1
“I must say you are -"

2 3 4

Match user input to
a rule pattern

Pick a response “Does it please you to
> : i
from the rule believe  am -?

= What makes you think I am 2227

= Do you sometimes wish you were 25?7
= Does it please you to believe | am 257
= Perhaps you would like to be 757

- <F ou remind me of <*=

= <*x|don't <*=
= <F>|was <>

Figure 11: Pattern matching system
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As shown in this example, despite the simplicity of the approach, it still produces results that
are good enough to cause confusion as to whether this is a computer or a human performing
the operation. One of the earliest chatbots to be developed was ELIZA in 1966 by the MIT
Artificial Intelligence Laboratory. It was designed in an attempt to mimic the role of a
psychologist by using pattern matching and responding with messages that are converted into
questions based on the user's input. Figure 12 illustrates a conversation with the Eliza

chatbot.

Hello, I am Eliza.

I am afraid.

How long have you been afraid?
Since midterms.

Tell me more...

I am afraid that I will fail
my course.

> Do you enjoy being afraid that
you will fail your course?

*V *» V¥V %V

Figure 12: Eliza chatbot

It examines each word in the user input and return the word that has highest keyword
ranking. Then check each rule for the word in ranked order and choose the very first pattern
that matches and applies transformation. If there is no keyword match, it just replies “Please

go on”, That’s very interesting, I see”.
2.2 Parsing

Parsing textual data involves converting input text into tokens (lexical parsing) with features,
mostly to identify the underlying grammatical structure. In addition to that, the lexical
structure can also be checked to determine whether they form an allowable expression

(syntactical parsing). Figure 13 illustrates how parsing works.

20



Input String

j:'

Parser

Lexical Analysis

Tokens

S e

Syntactic Analysis

Parse Tree

His

Figure 13 : Parsing

Parsers of earlier times were very simple, searching for recognisable keywords in the order in
which they should occur. For example, if we were parsing the sentences "please take the
umbrella" and "can you get the umbrella?", both would be parsed as "take umbrella”. This
approach allows a chatbot with a limited set of patterns to cover multiple input sentences. It is
worth noting that even ELIZA, the chatbot we discussed earlier, used parsing to identify
keywords in the user's input. As chatbots evolved, more complicated parsers performed
complete grammatical parsing of natural language. Figure 14 shows a parse tree acquired

through the parsing of the input string.

N

NP vP
DT/\NN VB/\ NP
A G
Can  Borrow [N IS CD NNS
oL L

Figure 14 : Parse Tree
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2.3 Markov Chain Models

The Markov Chain Model is used in the case of chatbots in order to construct responses that
would be more probabilistically viable and therefore more accurate than those constructed by
conventional algorithms. The idea behind Markov Chain Models is that they are based on the
assumption that each letter or word occurrence in some textual dataset occurs with a fixed

probability.

Model order refers to how many consecutive occurrences the model takes into consideration.
According to the Markov model of order 0, for example, if the input text is ‘helloworld’, it is
predicted that the letter "o™ occurs with a probability of 0.2 (2/10). In the order 1 model, each
letter would still have a fixed probability of occurrence, but that probability would depend on
the letter before it. In the case of the order 2 model, the probability of a letter would depend
on the two letters before it. The HeX[20] chatbot is an excellent example of how Markov
Chain Models can be used to generate responses for automated applications. Figure 15 shows

how a Markov Chain Model works.

65%

everyone
30%
I 20% g

Figure 15 : Markov Chain model
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2.4 Ontologies

An ontology, or a semantic network, is a set of concepts that are interconnected in a
hierarchical and relational way. According to [21] the main reasons for developing an

ontology are as follows:

e Pecople or software agents need to be able to understand the structure of information in

a common way.
e Making it possible for domain knowledge to be reused.

e Explicitly identifying the domain assumptions that need to be made.
e In order to separate domain knowledge from operational knowledge
e Analyzing domain-specific knowledge

In the context of chat applications, ontologies offer a platform to conduct semantic analysis
and, very importantly, the ability to define some measure of semantic closeness. This is done
based on a graph with concepts as nodes, and the relations between them as arcs. As a result
of semantic distance measurements, we can identify groups of concepts that have similar
meanings, and therefore, we can identify lexical chains of related words. A chatbot can use
these concepts directly to figure out hyponyms, synonyms, and other relationships between

them.

An ontology can be categorized into two types: general ontologies and ontologies specific to
a particular domain. As part of a general ontology, we develop an extended vocabulary that
provides extra-linguistic information, such as related words or case grammars. WordNet and
FrameNet are examples of general ontologies. There are more than 200 languages
represented in the WordNET lexical database, which contains semantic relationships (i.e.
synonyms, hyponyms, and meronyms) between words. Essentially, WordNet is a combination

and extension of a dictionary and a thesaurus [21].

FrameNet is a lexical database of English that can be read by both humans and machines,
based on annotating examples of word usage in actual texts. It contains a dictionary that

contains more than 13,000-word senses, many of which include annotated examples, which
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demonstrate the meanings and usages of the words. In addition, it has 200,000 manually
annotated sentences, which are linked to more than 1,200 semantic frames that describe the

sentences[21].

When modelling a specific domain according to its own rules, an ontology that is
domain-specific will be used. It indicates how terms in that domain are used in particular
contexts, according to their particular meanings. For example, let's take the word "windows".
The ontology about the domain of computers would model the word with the meaning
"operating system" and "graphical control element." A couple of examples of early chatbots

which used ontologies include OpenCyc and CONVERSE[20].
2.5 Artificial Intelligence Markup Language (AIML)

The syntax of Artificial Intelligence Markup Language (AIML) is based on XML, and it is
largely composed of input rules and output rules corresponding to the input rules. In chatbots,
it is used to define the flow of conversation between the user and the agent. A chatbot named
A.LIC.E (Attificial Linguistic Internet Computer Entity) [20] was developed as the first
chatbot to use AIML. In AIML, categories are the key units of knowledge since they form
the building blocks of knowledge. It is important to note that categories comprise at least two
additional elements: patterns and templates. As the name implies, a pattern is a string of
characters that is expected to match one or more inputs from users. It is important that the
pattern includes everything in the input and it is not case-sensitive. If you wish to exclude a
particular word from the search simply use a wildcard (*) which binds to one or more words.
When a pattern is matched, a template specifies what the response should be. Figure 16

illustrates the fundamental building block of AIML.

<category=>
=pattern=] want help</pattern=
<template>Sure. How can [ help you?</template>

</category=

Figure 16 : AIML code block 1
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The reason why AIML is so successfully used for building chatbots is because of its ability to
call itself recursively. It can submit input to itself using the <srai> tag. Element “stri” is an
abbreviation for Symbolic Reduction in Artificial Intelligence. To reply to synonymous input,

this would be extremely useful.

Another key element in AIML is the star element. The star element is used to echo portions
of the user’s input that were captured by wildcards (*) through the <star/> tag. When multiple
wildcards are present in the pattern, the index is used to specify which wildcard should be
echoed. As <star index="1"/> is most commonly used, it is usually written as <star/> to save

time. Figure 17 illustrates how the <srai> tag can be employed to redirect to another category.

=catagory=

<pattern>| want help</patterm:=

=emplale>Sure. How can | help you?</lamplale=
=fcatagory=

=<Ccategory=

=patiern=Can you do me a favour?=/pattern=
<template> <srai=l want help</srai> <template>

=/calagory=

Figure 17 : AIML code block 2

As it can be seen in the Figure 17, the input “Can you do me a favour?” has the same
meaning as “I want help”, so the <srai> tag is used to specify that it should be redirected to
the category that matches the input "I want help". In order to avoid redundancy, this approach

is helpful. Figure 18 demonstrates how wildcard handling is performed in AIML.

<categorys=
<pattern=My name 15 * and I'm * years old </pattern=

<template=Hello! <star /=. I'm also <star index="2" /= vears old!</template>

<Jeategory=

Figure 18 : AIML code block 3
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There are two wildcards in the input in Figure 18, one for the name, and one for the age. In
the response we are using <star/> to echo the first wildcard and <star index="2" /> to echo
the second wildcard. Therefore, if the user enters "My name is John, and I'm 22 years old", he

will receive the response from the system "Hello! John. I'm also 22 years old!".

2.6 Chat Script

ChatScript is regarded as the successor to AIML in the field of chatbots. With ChatScript,
you are able to maintain your application with ease as well as add various features like
concepts, continuations, logical and/or, variables, fact triples, and functions. These added
functionalities attempt to address the need for ontologies within the script itself [20]. A
ChatScript file is stored in plain text format, and it comes with more than 2000 predefined

concepts and more concepts can be created by scripters.

The ability of ChatScript to maintain user state across multiple volleys is one of its most
notable features. There are a number of steps involved in each volley, including accepting
input from a user, loading data about the user and user state, computing a response, writing
out a new state and sending the response to the user. As a result, this allows for an interactive

conversation between the system and the user.

A topic is a collection of rules that constitute the basic component of ChatScript's code. A
rule consists of a pattern and code. The rules within a topic are considered in turn by
comparing their pattern components. In addition to being able to access global data and the
user's input, patterns are also capable of comparing input data and memorizing portions of
data. Upon failure of the pattern, consideration is given to the next rule in the topic. In the
event that a pattern is successful, the rule's code section is executed. Figure 19 illustrates the

fundamental building block of ChatScript.

topic: ~fastfood
t: Hello! This is our online fast food. Please make your order.

u: BURGER (I want a chicken burger) Okay. vour order is hamburger.

Figure 19 : Chat script
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As you can see from Figure 19 ChatScript code, the topic has been declared using the
keyword (topic:). The topic name should be defined with “~” at the start. "fastfood" is the
name of the topic in this example. In the next line, we see the rule type "t:", which is called a
"gambit". Gambits allow the bot to steer a conversation within a topic. In order to control the

flow of conversation, the chatbot relies on this mechanism.

In this case, the bot is designed to take orders for fast food, so it starts the conversation
immediately by saying "Please make your order". As a result of this manoeuvre, the user is
limited to responding to a particular topic that interests the bot. After this, the user is
supposed to respond with the item he wants to order so the bot needs to acknowledge the
order and respond back. The next step is to use the "responder" rule type. There are four main

components to a rule: the rule type, the label, the pattern, and the output.

In this case, the rule type "u:" specifies that the rule is a response to either a question or a
statement from the user. The rule is labelled "BURGER". Although a rule label is optional,
it's always helpful to have one when documenting your code in case you need to debug it. A
pattern is something you expect the user to say. The rule will not be executed if the input does
not match the pattern. It is always necessary to place the expected pattern inside brackets.
According to this example, the rule needs to be executed when the user says "I want a
chicken burger.". Once the pattern is specified, we specify what the output should be when
the pattern is matched. Based on the example above, if the pattern matches, the bot will say

"Okay, your order is hamburger".
2.7 Machine Learning

Machine learning is the current state-of-the-art technique used for developing chat systems. It
is used either alone or alongside, some of the techniques mentioned above to improve the
quality of chatbots. As chatbots learn and adapt through experience, machine-learning
techniques improve their performance. With each interaction, the chatbot will likely be able
to better understand the content and context of the user's input, resulting in more accurate,
relevant responses[22]. The current trend in chatbot development indicates that chatbots will
continue to improve with advanced technologies driven by machine learning. Machine

learning based system will be explore more in the next chapter.
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2.8 Chapter Summary

This chapter provides an overview of the evolving landscape of chatbot technologies over
time. It begins with an exploration of pattern-matching algorithms, highlighting their
continued effectiveness in present-day closed-domain chatbot applications. The discussion
then shifts to parsing algorithms and their role in generating parse trees. Additionally, the
chapter delves into the utilization of Markov Chain Models to enhance response construction

through probabilistic viability.

Further, the exploration extends to ontologies, where a graph structure facilitates measuring
semantic distances and identifying clusters of related concepts, leading to the recognition of
interconnected lexical chains. The chapter proceeds by examining AIML (Artificial
Intelligence Markup Language) and its simplified approach to chatbot development, followed

by an introduction to ChatScript as a successor to AIML.

Concluding the analysis, the chapter emphasizes the pivotal role of machine learning in
contemporary chat system construction. It emphasized that a thorough and comprehensive
study of the literature is essential to fully comprehend the intricacies of machine

learning-based chat systems.
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3. LITERATURE REVIEW

First approaches related to developing chatbot in English were studied. Then prominent
approaches used in similar low resource languages were studied. Then chatbot research
related to Tamil language was studied. Techniques used for dataset creation were then
explored, short text classification. Finally, evaluation metrics used in chat systems were

studied.
3.1 English Language Chat Systems

There are several approaches to building end-to-end chat systems. A generative chatbot is
designed in two ways. One way is a components-based chatbot where Natural Language
Understanding(NLU) Module, Dialog Manager and Natural Language Generation(NLG)
Module are trained separately and integrated together[10]. This has been the prominent
approach for high-resource languages until recently. But this approach has several problems
such as the requirement of the expensive labelled dataset, a large amount of handcrafting
multiple components and the effects caused by individual components due to error

propagation[11].

So the current research trend moves more towards an End-to-End trainable system. One
prominent strategy that is been currently explored is to convert chat problems as a sequence
to sequence mapping problems which is modelled by sequence to sequence architecture. This
kind of early research is carried out only in goal-oriented systems. This kind of approach are
not very suitable for our research since dataset collection will be expensive. [23] had spent
400 USD for data collection alone. Additionally, our research focuses on only

non-task-oriented systems.

3.2 Low Resource Chat Systems

Low-resourced language effort of end-to-end text-based conversational agents use a mostly
retrieval-based approach. The majority of the latest efforts convert the chat problem as a short
text intent classification problem and try to retrieve the answers based on the intent classified.

The accuracy is the system depends on the accuracy of the intent classification.
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A conversational agent developed for the Thai language [8] has collected 2,636
question-and-answer pairs related to the banking domain and categorized them into 80

classes. Question classification accuracy on the test set was 83.9% using RNN-LSTM.

Chat system developed in the Bengali language [12] for a consumer electronics site used 91
classes, and 1731 queries in total with 5 — 10 queries per class. It recorded the highest recall
of 89.08% using CNN. These two efforts show it is possible to achieve high accuracy/recall
even with a small dataset and by classifying the user intent correctly using machine learning,

the answer retrieval can be improved.
3.3 Tamil Language Chat Systems

Among available Tamil chatbots, the “Poongkuzhali” chatbot uses a rule-based retrieval
approach [9]. But the system performance wasn’t objectively evaluated. The authors just
claimed that the users who tested the system found the system to be satisfactory. The dataset
used for this chatbot was not made publicly available. Apart from this, there is no research

done for Tamil language chatbots. Figure 20 illustrates how Poongkuzhali works.
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Figure 20 : Poongkuzhali Chatbot
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“Cody” [13] and “Machan” [14] are two other corporate chatbots available in Tamil. Figure
21 and Figure 22 illustrate the problems in the Cody and Machan chatbots, respectively.

CogCom 6T6dTMIT6V 6T60T60T

I'm sorry, I don’t have the answer in your

language.

The Colombo Centre for Cognitive
Computing (CogCom) is Asia-Pacific’s
home of artificial intelligence (Al),
extended redlity (AR, VR, MR), machine
learnina and humanoid robotics. Our

Figure 21 : Cody Chatbot

Fairfirst Insurance!

B 0T BITElT eTUILIL 2 RIS EHSE 2 56l Dgun?
Fmsar Cugd sseuansy allmbyh dlminsanss
CaIhes B SsaD:

205 FM

Meotor Claim Inguiry S You

!’ sl 2 fisEréE 2 sl Qsiw mrsr
ST T TEEYETGems!
frsar COE s Hs0asamar aSFurTsELlD

Gz flemen Gom Gl maremayn. onr

dAasBne PIN WSeir@iD i@y

Figure 22 : Machan Chatbot

“Cody” can take input in Tamil but can only answer in English. This means the NLU
component is working well whereas NLG part is yet to be perfected. “Machan” chatbot
doesn’t allow the user to enter input directly instead it prompts the user to select it from
predefined options. This approach is very much detrimental as far as user experience is

concerned.
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3.4 Techniques used for dataset creation

When it comes to NLP research on a low-resourced language such as Tamil, one of the key
challenges is identifying a suitable dataset. Given the scarcity of pre-existing datasets,
researchers often need to create their own dataset.Currently, there are no existing datasets for
Tamil that can be utilized for developing a chatbot.As a result, in order to carry out research

on Tamil chatbots, a dataset needs to be created.

There are three possible methodologies that can be used to generate the required dataset.
e Oblique translation
o Wizard-of-Oz paradigm
e Utterance generation using the native speakers

Oblique translation is a commonly employed technique in translation when the fundamental
or abstract aspects of the source language cannot be conveyed accurately to the target
language without altering the meaning or disrupting the grammatical structure[15]. An

example of oblique translation from English to Tamil is provided in Table 1.

The city “Los Angeles” is translated to “UWl ITI‘.'QILILIIT6U'OT LD” and the “baseball game” is
translated as “QI@IJLIHI;I_ GUITL_Lg” since those were better suited in the Tamil context.

Table 1: Sample English to Tamil Obligue Translation

English Sentence Tamil translation
Tell me the weather report for Los Angeles. WTDOUTEIS ST HHCUTMSW euTHllemey Sifi&ems el
616015& OGS ST(HMRIG6I.

Yalppanattin tarpotaiya vanilai arikkaiyai enakku ariyat tarunkal.

What time does today's baseball game start? @streopuwl  HIGOUTLL  Gumllg e GBI
SLIDINSADG) ?

Inraiya tutuppatta potti enna néram arampikkiratu
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When it comes to Tamil, carrying out word-for-word or direct translations from a dataset in a
highly-resourced language can prove challenging due to cultural nuances and language
subtleties. However, utilizing oblique translation is a viable option for creating a dataset in
Tamil, particularly if a high-quality English dataset is available. This approach can leverage
datasets that are more readily available in a high-resource language to develop a dataset for

Tamil.

To construct a task-oriented chatbot for the restaurant domain, a unique data collection
methodology was introduced based on the Wizard-of-Oz paradigm [16] and crowd-sourcing.
This approach segments users into two groups, with one group serving as customers who
must generate suitable sentences to accomplish a task based on provided task descriptions
and dialogue history. The second group of users assumes the role of Wizards, responsible for
slot filling in response to user queries and typing a reply based on dialogue history and
database findings. Repeating this process with various users yields a significant dataset.
However, a key disadvantage of this approach is the requirement for software system to

facilitate the data generation process, making it an expensive and time-consuming option.

When developing a Telugu language chatbot[17], the authors first identified 12 distinct
intents and then created 68 potential patterns that users might use to express these intents.
This methodology is useful to the Tamil language as well, given its close relationship with

Telugu, as both belong to the Dravidian language family.

3.5 Short Text Classification

The intent is defined as a purposeful action[1]. Intent Classification can also be considered an
essential first step in various other tasks like building conversational agents. Much prior work
in intent classification addresses the challenge of understanding queries obtained from search
engine logs and large text documents. Short text classification has been widely studied since
the recent explosive growth of online social networking applications[1]. Short text
classification is particularly challenging compared to large text documents since large text
documents provide more explicit information whereas, in short, text classification, the

information is implicit.
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Major attempts to tackle the problem are to expand short texts with knowledge extracted from
the textual corpus, machine-readable dictionaries, and thesauruses[2]. Despite the versatility
of dictionaries and thesauruses, they are often domain-independent. As a result, the data
distribution of external knowledge frequently differs from the test data gathered from a

particular domain, leading to a decrease in the overall performance of categorization.

Deep learning techniques like CNN have been considered state-of-the-art for text
classification. Many authors have attempted to apply CNN[4], attention-based CNNI[5],
bag-of-words-based CNN[6], and the combination of CNN and recurrent neural networks [7]
to text classification. Most of the prior research on short text classification mainly focused on
binary classification or fewer classes. Multi-class classification with a higher number of
classes is difficult. Optimising a multi-class classification is data and domain-dependent.
Especially for low-resourced languages, this is an open and challenging problem due to a lack

of data and other related language resources.

One approach to tackle multi-class classification with a higher number of classes is using
Hierarchical multi-label classification. This approach classifies multiple labels for a text,
where each label is part of an underlying hierarchy of categories. Hierarchical multi-label
classification can be mainly classified into local and global approaches[3]. Local approaches
involve creating a distinct classifier for every node, parent node, or level in the taxonomy,
whereas global approaches entail constructing a single classifier for the whole taxonomy. The
local approach will result in parameter explosion and it is computationally costly. Whereas in
a global approach, The classifier constructed is not flexible enough to cater for changes to the

category structure.

But adopting hierarchical multi-label classification also poses additional challenges as we
move down the hierarchy since lower-level hierarchies are fine-grained compared to the
upper-level of categories. It is common for the quantity of training data in a lower level to be
considerably less than that in an upper level, leading to a reduction in the overall performance
of classification. Short text Multi-label Text Classification is extremely challenging and
almost all current approaches have equal or worse accuracy compared to using flat classifiers.
Only a few notable works for Short text Multi-label Text Classification exist even for highly

resourced languages and there have been no previous low-resource efforts.
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3.6 Evaluation Metrics

There are both qualitative and quantitative methods to analyse a chat system. Early chatbot
research [24] mostly relied on qualitative approaches like user reviews, user acceptance and
etc. Later quantitative methods become prominent. The suitable quantitative methods will be
different based on the requirement and the taxonomy of the chat system. For example,
goal-oriented systems evaluate the success of the system using task completion rate, the time
taken for task completion[25]. But this approaches are not suitable for non task-oriented
systems. In non task-oriented retrieval based systems, the most used approaches are accuracy
and recall@k[24]. Here the accuracy of the system is taken as the accuracy of the
classification model since the answer retrieval is solely dependant on intent classification. In
Recall@k, the system is asked to select k most likely responses for the user input and if the
true response is among the k candidates, the response is considered as correct. When it comes

to low resource language results both recall@]1 [12] and accuracy [8] are used.
3.7 Chapter Summary

In this chapter, two primary strategies for constructing English language chatbots were first
investigated. However, it was established that these approaches prove unsuitable for Tamil
due to the requirement of costly labeled datasets and language-related resources.
Subsequently, a deeper investigation was undertaken into low-resource languages, revealing
that efforts in creating end-to-end text-based conversational agents for such languages
primarily adopt a retrieval-based approach. Recent endeavors predominantly transform the
chat problem into a short text intent classification task, subsequently retrieving answers based
on the classified intent. These efforts have demonstrated the potential to attain very good

accuracy and recall even with limited datasets.

The subsequent investigation focused on prevalent challenges in current Tamil language chat
systems. We then explored three key strategies for dataset generation, and within the context
of Tamil short text classification research, we revealed the ongoing complexity in creating a
multi-class classification system. At the end, this chapter culminated in an extensive review
of diverse evaluation metrics employed to evaluate chatbots. Notably, accuracy and recall

emerged as the mostly used metrics for evaluating their performance.

35



4. METHODOLOGY

The research aims to devise a system for creating a chatbot based on FAQ data available on
the banking domain's web pages in Tamil. Our approach consists of three main steps. The
first part is the dataset generation, the second part is the intent classification, and the third
part is building an end-to-end chatbot which takes queries from users in Tamil and responds
to them. In this research, we try to demonstrate that it is possible to build an effective
closed-domain chatbot for a low-resource language by transforming the chat problem into an
intent classification problem and retrieving the answer based on intent classification. We can
build functional chatbots with this method even without resources such as dictionaries,
dependency tree corpora, semantic databases, part-of-speech taggers, named entity
recognizers, and morphological analyzers. Although this project is done for the Tamil
language and for the Banking domain, this approach can be applied to other low-resourced
languages and domains as well. Figure 23 outlines the comprehensive methodology of this

research.

./- o "
Creating a Tamil corpus
using data scraped from ldentify intent and | Build an Intent Classifier
Banking websites. generate more questions
. y “
¥

T,
Retrieve the answer for I
the question based on

identified user intent.

Figure 23 : Methodology

4.1 Dataset creation

The dataset for this study was created by improvising on the method used by the Telugu
chatbot [17]. In order to generate the Tamil FAQ corpus, the FAQs were scraped from the

websites of two Tamil banks.

36



An intent was assigned to each question after the scraped dataset has been analyzed. Intents
and questions in the FAQ corpus are mapped one-to-one. For example, when ten FAQ
questions were scraped, those ten questions would be mapped to ten intents. This is because
there will be no redundant questions on the FAQ pages of the bank. Then, several native
speakers are used to generate more examples for each intent. There are two ways in which a

user can interact with the chat system.

Either by making a statement or asking a question. In the case where a user wants to know
the interest rate on a fixed deposit, for instance, he may either ask a question “Can you please
tell me the interest rates for fixed deposits?” or he may pose a statement such as “I would like
to know the interest rates for fixed deposits”. Native speakers were therefore asked to
generate as many questions and statements as possible related to each intent using different
inflexions. Due to Tamil's free word order, more variations of the same sentence are also
required considering the free word order. Due to the fact that code-mixing in Tamil and
English is a common issue among Tamil people, it is also very crucial that the dataset
represents this fact as well. There is a difference between Tamil in its spoken form and Tamil
in its written form, although some people write Tamil as they speak it. It is also important to

ensure that the dataset also captures this variation.

After the data set generation task, the generated dataset was checked for spelling errors and
any errors that were found were promptly corrected. Since different native speakers were
used to generate more variations for each intent, there were several duplicate
questions/statements found for each intent when compiling them together. Those duplicate

questions were removed from the data and the dataset was finalised.

4.2 Intent classifier

First several preprocessing steps were carried out such as tokenising and removing the stop
words. Then several vectorising techniques were tried such as Bag-of-words, TF-IDF and
Fasttext word embedding. Several techniques for tackling class imbalance undersampling,

oversampling, SMOTE and adding class weights were also attempted.
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Then the database was split into test and train and different machine learning models were
tested and the accuracy of such models was noted. The best-performing classifier was

selected using the highest accuracy value.
4.3 End-to-End chatbot development

Then a web-based chat application was built using Python to interact with the user. The user
can enter his query and the chatbot will send that query to the backend where the query is
preprocessed and intent is identified by passing it to the previously trained model. then the
answer for that particular intent will be sent to the front end and the bot reply with the

answer.

4.4 Chapter Summary

This chapter provided an in-depth explanation of the research methodology adopted. The
approach encompasses three primary stages. The initial step involves dataset generation,
followed by intent classification, and culminating in the development of a comprehensive
end-to-end chatbot designed to receive and respond to user queries in the Tamil language.To
generate the Tamil FAQ corpus, a two-fold process was employed. FAQs were initially
scraped from the websites of two Tamil banks, which served as the foundational dataset.
Subsequently, native Tamil speakers were engaged to further enrich the dataset by generating
additional utterances. An intent classifier was then constructed, with the selection of the

optimal classifier being based on the highest recorded accuracy.

The subsequent phase involved the creation of a web-based chat application utilizing Python.
Users input their queries into the interface, and the chatbot transmits the query to the backend
for preprocessing. The previously trained model is employed to identify the intent of the
query. Once the intent is determined, the corresponding response is sent to the front end,

facilitating a seamless interaction between the user and the chatbot.
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5. EXPERIMENTS

In our experiment and evaluation, we aim to determine if a functional chatbot can be built

using intent classification on a small dataset.

5.1 Dataset

Participants in the data generation task were 12 native language speakers between the ages of
18 and 19. Participants in the data generation task were given 10 intents along with a few
sample statements/questions for each intent. One intent was assigned to at least two
participants. This enabled us to capture more inflectional variation for the same intent. But
this also means a lot of time was spent while compiling the data since duplicate
questions/statements need to be removed to avoid redundancy in data. After cleaning the
data, the final dataset consists of 1567 examples for 56 intents. The minimum number of
examples per class was 10. The distribution of examples per class in Figure 24 reveals the

presence of a class imbalance problem in the dataset.
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Figure 24 : Class imbalance

The dataset set was highly imbalanced because for some intent only fewer inflexions were
possible. Therefore, participants could only generate a few variations, while for simpler
intents, more inflexions were generated. For many intents the participants fail to balance
between spoken, code-mixed and written Tamil, so written Tamil was most frequent in the

dataset followed by code-mixed examples and finally only a few spoken Tamil examples.
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In Table 2, you can observe a selection of sample sentences obtained from the data generation

task.

Table 2 : Sample sentences from dataset

Tamil Sentence English Translation Observation
616015 SL_63TL_6ML_6WLLI [HIT60T How can | cancel my credit This sentence is in the written
6TLILIG QTS G) Cl&II6uZ)? card? form of Tamil.

Enatu katanattaiyai nan eppati
irattu ceyvatu?

eudleysiten QeueMpmL Can you tell me how to open a | This sentence is in the Spoken
HIT60TUL S0 CIST6TMM resident foreign currency form of Tamil.
6TLILIG. QYDINLILG) eT6vuT(h account?

Q& TeLEV JEVIGLDIT?

Vativulla velinattu nanaya
kanakkonrai eppati arampippatu
entu colla élumo?

61601&| BOC debit card RIS | need details on where to use | Example of Tamil-English
LTeN&&EVMLD 6T60TM my BOC debit card. code-mixed sentence.
eNugmiger Geussor(HLD.

Enatu BOC debit card enku
pavikkalam enra viparankal

ventum.
QrAQILegor_ Gumiest How to open a resident Example of Tamil-English
SI&CSETEITL eroL ML foreign account? code-mixed sentence written

LI6TOTEuD)I6)1 )] 6TLILILG.?
Recitent porin akkaunt start

using only Tamil alphabets.

pannuvatu eppati?
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5.2 Machine Learning Models

For vectorizing the words, Bag of Words (BOW), TF-IDF, word2vec and fastText word
embeddings were tried. Several approaches were experimented with to tackle class imbalance
problems like random oversampling, random undersampling, SMOTE, combining random
oversampling, undersampling and adding class weights. The Hold Out method was employed
to assess the model's performance. The dataset was divided into 80% and 20% for training
and testing. Machine learning models were trained with 80% of the data and tested with 20%.
Several machine learning models such as SVM, Bi-LSTM, and CNN were tried with

different settings and the best settings were found empirically.
5.3 Chat Application

The chat application was manually tested for robustness using several queries ranging from
both queries that are part of the dataset and new queries outside the dataset. The new queries
were used to check whether the chatbot was able to answer queries that are not part of the
dataset with the same effectiveness. We also tested code-mixed queries, queries with spelling

mistakes and queries with spoken Tamil. Figure 25 shows the developed chat application.

Banking Chatbot

AEMIGEID. 2 MSEHHS aImasl GeTLjuTe

ol6ienl HHeued Geuewi(BLd?

SL DL DUl BHiBiSHaHIeugd elig?

briseit 0112423997 6160113 61651 60601

Qam jLOsTemi(h 2 MGell GL6T iDL Ul
QuHa Gauinapgud.

]

Figure 25 : Developed Chat Web Application
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5.4 Chapter Summary

In this chapter's initial phase, an analysis was conducted on the generated dataset, comprising
1567 instances spanning 56 intents, originating from the collaborative efforts of 12 native
speakers. A subsequent observation pertained to the existence of a class imbalance issue
within the dataset. Subsequent sections delved into the development of machine learning
models, encompassing a comprehensive exploration of varied vectorization techniques, as
well as the implementation of diverse strategies to mitigate class imbalance. Multiple
machine learning algorithms were subjected to experimentation. Finally, we presented the

developed end-to-end chatbot and outlined the testing procedure.
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6. RESULTS

Both the model performance and how well the chatbot answers user input were both

evaluated.
6.1 Model Performance

Table 3 provides a comprehensive overview of the accuracy and recall values achieved by the

various considered models.

Table 3 : Model Performance

Model Thai  chatbot | Bi-LSTM SVM Bi-LSTM CNN + fastText
(RNN-LSTM) (Embeddin | with fastText with class
[8] g layer - | TF-IDF | (Embedding Size- | weight
300, units 300, units 128)
128) with
BOW
Accuracy | 83.90% 94.26% 96.40% | 97.48% 98.72%
Recall N/A 91.37% 94.08% | 96.73% 98.45%

The Bi-directional LSTM model, equipped with an embedding layer of size 300 and 128
units, along with Bag of Words for vectorization, demonstrated an accuracy of 94.26%. This
remarkable performance signifies a substantial accuracy improvement of over 10% compared

to the Thai chatbot's accuracy.

Utilizing the same settings but employing fastText for vectorization, the Bi-directional LSTM
model achieved a significantly higher accuracy of 97.48%, showcasing an impressive

accuracy gain of more than 3%.

The SVM model, implemented with TF-IDF for vectorization and a linear kernel, yielded a
notable accuracy rate of 96.40%, reflecting its strong performance on par with neural network

models.
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The CNN model, which utilized fastText for vectorization and incorporated class weights to
address class imbalance, showcased highest accuracy, reaching an impressive value of

98.72%.

A similar pattern is evident when examining the Recall values across the models. The
Bi-directional LSTM model with an embedding layer of size 300 and 128 units, coupled with
Bag of Words (BOW) for vectorization, demonstrates a recall of 91.37%. The SVM model,

leveraging TF-IDF for vectorization and a linear kernel, achieves a higher recall of 94.08%.

The Bi-directional LSTM model utilizing fastText for vectorization, maintaining an
embedding size of 300 and 128 units, outperforms with a recall of 96.73%. Remarkably, once
again the CNN model integrated with fastText for vectorization and class weight adjustments
attains an impressive recall of 98.45%. Since the Thai chatbot [8] did not provide any recall

values, a comparison of our models' recall values with theirs is not possible.

In direct comparison to the performance of the Thai chatbot [8], which employed an
RNN-LSTM-based model, using accuracy values, all of our developed models have
consistently delivered remarkably high results. A detailed discussion about the model's

performance is carried out in Chapter 7.1.

6.2 Chatbot Performance

The robustness of the chat application was thoroughly evaluated through manual testing,
encompassing a diverse range of queries. These queries spanned not only those included
within the dataset but also entirely new inquiries that were outside the dataset. This
comprehensive approach aimed to determine the chatbot's ability to effectively respond to
questions beyond its pre-existing knowledge base. Furthermore, the testing process involved
examining the chatbot's performance when faced with code-mixed queries, those containing
spelling errors, and even those articulated in spoken Tamil. By subjecting the chatbot to these
varied scenarios, we sought to ascertain its capability to handle real-world conversational
complexities and challenges, thereby gauging its robustness and versatility. Table 4 shows

some of the input queries tested on the developed chatbot.

44



Table 4 : Chatbot testing results

Example User Input English Comment about Correctly
Number Translation Input Answered

1 QjLGU)LDUu &HL_6060T | What are the Written Tamil No spelling | YES
QIJ[i)!D_IéS Q& merern documents required | mistakes
Gg;GIDG)Ju_IHGUT to get a housing
S, 6LI6TVTIRIS 61T 6T63T63T | loan?

9

Vitamaippu katanai
perruk kolla t€vaiyana
avanankal enna?

2 elL_emLDLIL| &L_6060T | What are the Written Tamil with YES
QIJ[I')‘ID]&.’: Q& merern documents required | spelling mistakes
G’Q'JSU)G?JU_II:I'GOT ) to get a housing “%SOUTIT':.I&:G.TT “
9),600TRIG 61T 6T60T60T 7 | loan?

Vitamaippu katanai
perruk kolla t€vaiyana
anankal enna?

3 6T60T&)| Debit . What is the Written Tamil with YES
S|L_60L_60WI [HIT6OT procedure for me to | english code mix
UQ)QJ . cancel my Debit
Ol & L1611 5| & HT6sT Card?

QFWI6sT(LP6mM
6T60)6) ?

Enatu Debit attaiyai nan
rattu ceyvatukkana
ceyanmurai evai?

4 eTeurg) QL What is the Written Tamil with YES
S|L_60L_60WLI [HIT6OT procedure for me to | English code mix written
I]Q')gj . cancel my Debit fully in Tamil alphabets
(& L1611 S| & HT6sT Card?

QFWI6T(LP6mM
6T60)6) ?

Enatu tepit attaiyai nan
rattu ceyvatukkana
ceyanmurai evai?

5 IHITEOT 6T60TI) &L 60T What is the Spoken Tamil YES
SIL_6mL_60LLI 6TIJLII.q. procedure for me to
[f)]llllJI'I'ILL GG)J@)]L'D ? | cancel my Debit

Card?
Nan enra katan attaiyai
eppati irattu ceyyonum?

6 THIT60T 6T60TJ debit What is the Spoken Tamil with No.
SIL_6mL_6mUWI 6TLILIG. | procedure for me to | English Codemix Returned the
[_f)]ILIIJITI;I_ GG)J@)]LD ? | cancel my Debit wrong
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Card? answer.
Nan enra debit attaiyai
eppati nippatta vénum?

7 'I'_I')I'I'66T 6T60T J) QL What is the Spoken Tamil with No.
SIL_6mL_6mUWI 6TLILIG. | procedure for me to | English code mix written | Returned the
@LIIJITI._I_ GG)J@)]LD ? | cancel my Debit fully in Tamil alphabets wrong
Card? answer.

Nan enra tepit attaiyai
eppati nippatta vénum?

When considering the chatbot's performance results, you can observe that the chatbot
accurately responds to written Tamil queries, whether they contain spelling mistakes or
involve code-mixed content in written Tamil, irrespective of whether the queries employ
English or Tamil alphabets.It was also capable of providing accurate responses in spoken
Tamil. However, this chatbot encounters difficulties in cases where the input becomes more

complex, involving a combination of spoken Tamil and code mixing.
6.3 Chapter Summary

In this chapter, we initially presented the results of the machine learning models. It was
observed that all of our developed models consistently yielded notably high results in
comparison to the Thai chatbot. Particularly, the CNN model, employing fastText for
vectorization and incorporating class weights to counteract class imbalance, demonstrated the
highest level of accuracy. Additionally, SVM exhibited performance comparable to other

neural network models.

Subsequently, we provided an account of the chatbot's performance results. The evaluation
encompassed a diverse array of queries, assessing the chatbot's accuracy in furnishing
accurate responses. The findings illustrated the chatbot's adeptness in precisely addressing
written Tamil queries, even when encompassing spelling errors or featuring code-mixed
content in written Tamil. Remarkably, this proficiency extended to queries utilizing both
English and Tamil alphabets, while also effectively responding in spoken Tamil. However, it

is worth noting that the chatbot exhibited certain limitations in other conditions.
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7. DISCUSSION

Results of both the machine learning models and the performance of the chatbot are analysed

in detail to find varies insights.

7.1 Model Performance

Based on the results it could be seen that the best-performing model was the CNN-based
model which used fastText word embedding for word vectorization and class weights to
tackle class imbalance. I think the main reason for this is translation invariance which is a key
feature of CNN. Translation invariance allows CNN to detect patterns irrespective of their
position in the sentence. The local order of words is not that important, this is a very useful
feature in a free word-order language like Tamil. So CNNs are well-suited to carry out this

task with efficiency.

All our models have yielded very high results compared to the Thai chatbot which used the
RNN-LSTM-based model. But since the nuances of the languages and the datasets are
different, it is not truly comparable. Though CNN and fastText embedding trained on the
dataset with class weight outperformed the rest of the models the performance increase is
only small compared to SVM. This is not very much surprising because it is well-known that
non-neural network-based models can perform on par or sometimes better than neural

network-based models when the dataset size is small.

When fastText is used for vectorizing we see a jump in accuracy, it could be because fastText
can handle out-of-vocabulary words well. Our model is also performing well compared to

previous works on short text classification in Tamil.

7.2 Chabot Performance

Upon evaluating the chatbot's performance, it becomes evident that the system demonstrates
a remarkable level of robustness when it comes to handling written Tamil queries. This
robustness extends to queries regardless of whether they contain spelling errors or are
composed of code-mixed content in written Tamil. Notably, the chatbot adeptly handles

queries that utilize a combination of English and Tamil alphabets, showcasing its ability to
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seamlessly navigate the intricacies of code-mixed language. This proficiency across various
query types underscores the chatbot's capacity to effectively engage with users in written
Tamil, irrespective of linguistic intricacies or potential errors, thus contributing to an
enhanced and versatile user experience. Example 3 to 7 used for testing is special because

none of them are in the dataset.

That particular intent doesn’t have any sample for both spoken Tamil or written Tamil with
Code mix. Only written Tamil sample are there for that intent. So it is difficult for chabot to
arrive at the correct answer yet the chatbot was able to answer that question correctly. This
shows that the chatbot is is robust. Example 6 and 7 is very difficult examples because there
are code mix and the spoken Tamil together, in this case the chatbot fail to arrive at the

correct response. This is a shortcoming of this chatbot.
7.3 Limitations

There are three types of limitations in this research. The first limitation is caused by the
generated dataset that was used for this research and the second one is the limitations of the
approach that is used for building the chatbot. The final one is the limitation caused by our

testing strategy.

7.3.1 Limitations in Generated Dataset

The dataset we used for this research was gathered using native speakers by using young
people. Hence the vocabulary to phrase questions or statements could be limited to the words
used by young people. So some of the utterances which are prominent among the older
population would have been missed out. Another factor is that all the native speakers are
from Colombo, hence the colloquial variation of spoken Tamil such as Jaftna Tamil or

Batticaloa Tamil will also not be captured as much as we wanted.

7.3.2 Limitations in the Approach

The main limitation of our approach is, the proposed approach will not be useful to build a
chatbot for a very large FAQ corpus like the central bank. Our data generation technique uses

the inflectional variations of Tamil to expand the existing corpus, but when the corpus is
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large, the amount of time it would take for data generation will be huge and expensive. For
example, let's take the central bank FAQ pages which would have more than 1000 questions,
so here we need to generate more examples for 1000 classes. Again when modelling, the
presence of a large number of classes will affect the choice of algorithms useful for

modelling.

In addition to that, if the FAQ corpus has a very rigid structure with complex and compound
sentences, our approach would still fail because generating different variations for such
questions would be difficult hence the number of examples per class will be less which would

generally result in low accuracy.

One of the main limitations of the study is the lack of any previous benchmark for Tamil to
compare our model against. Comparing our model with the best-performing models of other
languages is not a good way of comparison since the accuracy of other language models is
influenced by the nuances of those languages and the resources available for those languages.
For example, if we take the Thai chatbot we compared against, in the Thai language, there are
no spaces in-between words so their approach would be drastically different from our

approach hence accuracy is not truly comparable.

7.3.3 Limitations in the Testing Strategy

The Hold Out method was employed to assess the model's performance in this research.
Although we employed stratified sampling, we did not assess per-class accuracies and instead
focused solely on the overall accuracy of the test set, utilizing an 80% training and 20%
testing dataset split. Looking at accuracy per class would have given more insights into which
classes are classified poorly. This would have enabled us to optimise the system more.
Another limitation is that the test set was not generated considering the variation such as
written Tamil, Spoken Tamil and codemixed Tamil and we didn’t check how the accuracy of
classification on the test set varies for different types of Tamil input such as spoken Tamil,
code-mixed Tamil and spoken Tamil. This would have given us additional insights into the

system.
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7.4 Chapter Summary

In this chapter, an analysis of the results from both the machine learning models and the
chatbot's performance was conducted to unveil various insights. It was discerned that the
superior performance of the CNN model could be attributed to translation invariance,
enabling it to identify patterns without dependence on their position within a sentence. This
attribute proves particularly advantageous in a free word-order language like Tamil.
Moreover, a comprehensive discussion addressed the limitations of comparing the Thai

chatbot, emphasizing the dissimilar nuances and datasets of the languages.

Furthermore, the observation was made that SVM's performance is comparable to neural
network models, attributed to the relatively small dataset size. Notably, the utilization of
fastText for vectorization showcased a noticeable accuracy boost, potentially attributed to its
proficiency in handling out-of-vocabulary words. Additionally, our study concluded that our
model excels in short text classification within the Tamil context, outperforming previous

approaches.

During the discussion on chatbot performance outcomes, it became evident that the chatbot
exhibits commendable performance even with examples not originally included in the
dataset. However, it encounters challenges primarily in the intricate scenarios where
code-mixing is combined with spoken Tamil. Concluding this segment, three distinct
limitations of this project were pinpointed: limitations related to the generated dataset,
limitations inherent in the approach adopted, and limitations pertaining to the testing strategy

employed.
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8. CONCLUSION

Through this project, we have demonstrated that it is possible to build a functional
context-less chatbot (Level 2 chatbot) for Tamil even with a small dataset by converting the
chat problem into a short text classification problem and retrieving the answer from the

predefined response based on the intent identified by the short text classifier.

8.1 Future work

8.1.1 Develop a better dataset

One way to improve the dataset for the chatbot is to gather a diverse group of native Tamil
speakers from different age groups. It's important to include all possible types of Tamil
expressions such as written Tamil, spoken Tamil, and code-mixed Tamil for each intent to

avoid any imbalance in the data. This will enhance the chatbot's effectiveness and usefulness.

8.1.2 Create Multiple Responses

Currently there is only one response to pick for each intent. Returning the same answers,
again and again, is not a good approach in terms of user experience. Many of the modern
chatbots for English have a predefined set of responses for each intent. That can be used for
mixed things up in conversation. For example, if a user asks “How to open a bank account”,
the response can be “You can visit the bank to open an account”, “The account can be opened
by visiting the bank” or “By vising the bank in person you can open an account”. Using the
same technique used for generating multiple utterances of the intent. Native speakers can be

employed to generate more variations of the answer as well.

8.1.3 Multi-level classification

After a better dataset is developed, another potential research area is to use hierarchical
multi-label classification instead of the flat classifier we used. This approach will allow us to
classify multiple labels for a text, where each label is part of an underlying hierarchy of

categories.
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For example in our case all the question regarding saving products can be grouped together
and labelled as “savings”, then each intent under the savings category have separate labels
like “opening savings”, “savings rate” etc. So if the user enters “How to open savings
account” the model would predict the first label as “savings” and the second label as “savings
rate”. There is an added benefit of using this approach. For example, if the user asks a
follow-up question as “What about the rate?”” since we know the previous first label predicted
is savings, we can deduce he is asking about the “savings rate”. This approach will enable us

to bring context into the conversation. The current system doesn’t have context.

8.1.4 Confidence Score for Classification

The current chatbot that has been developed will be unable to handle queries that are not
related to its designated scope. This limitation arises from the current method, which only
classifies input queries into existing categories under the assumption that users will
exclusively pose questions within the predefined scope. As a result, users may receive
incorrect responses instead of the chatbot appropriately stating, "I'm sorry, we can't assist
with that. Addressing this issue is crucial to ensure the practical viability of the chatbot, as the
assumption that users will strictly adhere to the predefined scope is likely to be violated in

real-world scenarios.

A potential strategy to solve this involves incorporating a confidence scoring mechanism for
classification and establishing a minimum confidence threshold. When the confidence level
surpasses this threshold, the chatbot would present responses; otherwise, it would reply with
"I'm sorry, we can't assist with that”. A Confidence Score is a numerical value ranging from 0
to 1, indicating the probability that the class predicted by a machine learning model is
accurate. Every prediction is accompanied by a confidence score, where a higher score
indicates a greater level of confidence from the machine learning model. Determining the
appropriate confidence threshold is a critical step and is dependent on the specific dataset. As
a general guideline, if the confidence score of the predicted class exceeds 0.5, it can be

considered suitable to permit that response.
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In the context of the models we have developed, for non-neural network based models like
SVM finding confidence score is pretty straightforward. Scikit-learn library provides
methods like “predict proba” to output the confidence score. When it comes to the
confidence score for neural network based models such as Convolutional Neural Networks
(CNNs) and Bidirectional Long Short-Term Memory (Bi-LSTM) networks it is a bit tricky.
One good approach in these cases is to use the probabilities produced by the softmax layer.
By analyzing these probabilities derived from the softmax layer, we can determine the
model's confidence in its predictions. This information becomes invaluable for setting a
suitable confidence threshold to decide whether a particular response should be presented to
the user or if the model should indicate its inability to provide assistance for a given input.

For out chatbot this method should be good enough.

It's worth noting that a common challenge with many deep neural networks is their tendency
to exhibit overconfidence in their predictions, despite performing well in terms of accuracy.
This issue becomes particularly apparent when considering the estimated probabilities
generated by the softmax layer's output. These predicted probabilities might not accurately

reflect the true probabilities of the events they represent.

To address this concern, an effective solution for calibrating the predicted probabilities of
neural networks is detailed in the paper titled "On Calibration of Modern Neural
Networks"[26]. This calibration process aims to rectify the tendency of neural networks to be
excessively confident in their predictions by aligning the predicted probabilities with the
actual probabilities of events. Should the need arise for further calibration, techniques like
those outlined in the mentioned paper can be explored to enhance the accuracy and reliability

of the predicted probabilities from neural networks.
8.2 Chapter Summary

In this final chapter, a comprehensive overview was provided, encapsulating both the
project's conclusions and a glimpse into potential future endeavours. Through this project, a
significant achievement was showcased—successfully crafting a functional context-less

chatbot (Level 2 chatbot) for Tamil, even when dealing with a limited dataset.
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This accomplishment was realized by strategically transforming the chat problem into a short
text classification problem and subsequently retrieving responses from pre-defined set based

on the intent identified by the short text classifier.

Looking ahead, a multitude of avenues for improvement have been identified. The initial area
of enhancement entails elevating the dataset's quality by engaging a diverse array of native
Tamil speakers spanning various age groups. The creation of multiple responses for each
intent, facilitated by native speakers, is the second avenue, aimed at enhancing the overall
user experience. The third prospective avenue involves delving into hierarchical
classification, a potential avenue to develop a chatbot that effectively comprehends
contextual nuances. Finally, leveraging confidence scores to detect and appropriately respond

to out-of-scope inputs emerges as a pivotal aspect of further advancement.
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