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Abstract

With the rapid popularity and increased usage of the Internet, online marketing has
become a way of selling and purchasing goods through the Internet. This lead to
development of various websites dedicated to online marketing and new techniques to

support customers and information sharing became a major area of this.

The main objective of this thesis is to propose an efficient way of providing

information to clients than the existing systems like shopping charts, operators, etc.

There are well known Al techniques and successful Chat bots and during the initial
phase a research was carried out to get an understanding on those techniques and how

they are used in the well know Chat bots.

The aim of this Chat bot is to analyze the user queries and to provide successful
answers. Analysis is done by matching customer queries with sample queries and then
extracting thésidormation from-those queries, which will be used to create the
answers. The information extracted will be coupled with the predetermined answers
and will be pre‘s'ented to the customers. This is also designed in such a way to capture

certain information to increase its scope and efficiency.

The proposed Chat bot is in the primary stage and it is limited only for a simple
bookshop scenario. Still this can be used for any kind of online shopping with a
proper knowledge base attached to it. The proposed chat bot works as a solution
provider for single customer queries, and can be improved with some advanced
matching mechanisms to maintain a dialog with the customer, which will be much

more user friendly and efficient.
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Chapter 1

Introduction

1.1 Introduction to the Project

1.1.1 Why Online Shopping

Online shopping is a process where customers directly buy goods and services over
the Internet. These shops come in various forms such as, online shop, e-store, Internet
shop, eShop, web store, web shop, online store or virtual store. With the increase of
computer usage and Internet access, online shopping is becoming a more popular way
of doing shopping. Figure 1.1 and Figure 1.2 indicates this trend and predicts this to

grow to a much higher percentage of shopping in the coming years.

US online retail sales®
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Figure 1.1 - US Online Retail Sales [1]
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Figure 1.2 - e-Commerce Retail Sales as a Percent of Total Retail Sales [2]

1.1.2 Why Online Shepping is Gaining Popularity.

Following are som¢ of the niain reaséis-for oline shopping toibecome popular (3].
o Total shopping convenience:

These shops are available 24 hours a day and 7 days a week which means

customers can shop day or night while relaxing at his/ her home.
o Browse the web instead of driving:

Travelling to various shops at various places is a costly thing and time
consuming. With online shopping, customers can sit at their homes and visit

any number of shops, even some located in other countries with ease.
o Price comparisons:

Online shops do not require buildings with lots of facilities and other customer
attractions which amount for huge sums. Since, with online shopping those
expenses do not exist, companies can sell their goods at a much lower price

than normal shops.




o Unlimited selection:

Online shops usually provide much more selection of items than a normal

shop. They could even sell some items which they do not have in stock.
o No hurry:

Unless the website is down there is no close time for online shops, and

customers can take any amount of time to do their shopping.
o Information and reviews:

Some online shops provide facilities to rate or add comments about the goods
they bought and this feature will be helpful to new customers to make decision
about purchasing goods and services. This an experience which traditional

shops never provide to their customers.
o Collectible and hard to find items:

Online shopping is helpful to find collectibles and hard to find items, due to

the vastrange of selection for goods online shops proyide.

Figure 1.3 illustrates the main reasons ‘why shoppers are attracted to online shopping

and their percentages.
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Figure 1.3 - Shoppers’ Main Reasons for Buying Online [4]

1.1.3 Marketing Strategies Used to Proyide Information for Online Customers

All forms of orjl'me systems have to. makej.one important thing. That is making the
customer buy Afheir product without physically contacting them. To achieve this,
websites must present proper information to customers and most web sites use various
methods such as, graphics, animations, and special features like shopping charts,

providing statistics and security. [5]
1.1.4 Shortcomings of Providing Proper Information to Customers

One of the most important aspects of online shopping is to provide correct
information easily to the customer. To achieve this some websites allocate large areas
of space to display information or make them available through a large set of links.
This results in the customer going through a large amount of information which is not
relevant to him/her to find some specific information. This can easily result in the
customer leaving such websites. Additionally, they cause problems such as,

maintaining a large web site, band-width problems, etc.



Another area of focus to winning customers is to provide satisfactory customer
support as soon as inquiries are made. The majority of web sites provide facilities to

send e-mails whilst some have support staff dedicated to the customer inquiries.

The drawback with the e-mail option is that it takes a lotof time to reply even for a
small information request. Further, having a large number of customer support staff
working 24 hours a day, 7 days a week comes with a high price tag. In addition, those
resources could be idle for most of time, which results in huge losses to the

companies.

1.1.5 Solution

Therefore, the best way to provide information through a small web site will be to
have a chat window (chat bot) attached to it. This chat bot should have facilities
similar to ordinary chat systems with an automated system replacing the operator. The
automated system should identify the customer queries by matching key words and
provide answers)through-a predefined set. ofvanswers. with the help of some stored

knowledge.

The following additional facilities can increase the efficiency of the chat bot:

Providing a facility in the chat bot with the ability to forward customer queries
to a human operator if it fails to recognize the query will increase the success
rates of the system.

o Having a good knowledge about what the customers wants, what sort of
information they like to have, their buying patterns, and market trends will be
helpful to have a successful selling mechanism. This sort of information is
normally collected by various research groups’ through surveys and sold to
vendors. If the system has a facility to capture customer queries against the

time of the queries, will be an added advantage.



1.2 Aim

The aim of this project is to design a tool to provide support/ information to online
customers for their requests and helping to vendors in decision making and to achieve

| higher customer satisfaction.

1.3 Objectives

1. This system will help reduce the amount of data displayed on web pages.

2. Provides an easy way for customers to get the required information quickly
without going through various links.

3. Provide vendors with details about customer needs, requirements, customer
views about the items on the site to sell, and market trends.

4. The system will generate requests to customer support staff when required.

5. Ability to function 24 hours and 7 days a week ideally suited to websites
dealingsglobal customers;

6. Redice the requiirement of keeping a largé number of customer support staff.



1.4 Solution

The solution proposed is an automated chat system which can handle customer

queries up to a certain level, removing customer care officer’s work load.

The main feature of the system is the chat window, which is used by the customer to
submit queries and to get answers. The system will generate the answers and display

it in the chat window. When required support staff can answer customer queries.

In the back-end of the system, there is an engine to analyse customer queries. This
should decide whether the engine can answer the query. If it its answerable it will
generate an answer using a pre-defined set of answers or using available data. If it

fails to generate an answer it will direct the question to an operator.

To support thesengine thére-is a ‘database.) It '$tores a pre-defined set of answers to
support the engine. Further, the database should store” other relevant information
(prices, types of goods, etc...) to support the engine. Moreover, it should store the

information (customer queries, etc...) for forecasting purposes.

The main technologies required for this project are Java as the development language,
MySQL as the database and eclipse as the development environment. All of the above

technologies are open source technologies and therefore, freely available to use.

1.5 Expected Qutcome

The expected outcome of the project is to produce a tool which will assist online
shopping reducing the workload, time and cost for assigning and maintaining a large

force of operators.



1.6 Summary

In this chapter we have discussed how and why online shopping is popular and why

we need a new system to provide information to customers.



Chapter 2

Literature Review

2.1 Introduction

Natural language processing (NLP) is a computerized way to analyze text and speech

based on a set of methods.
It has various definitions and few of them are listed below.

It's a field of computer science and linguistics concerned with the interactions
between computers and human languages [20].
Instead of using Boolean logic, the user simply can type in a question as a
query. The simplest processing just removes stop words and uses statistical
approaghes. Natural “language processing'is the' process' of using linguistic
anaJysiS'fo infer meaning from hunman-written text that could not be extracted
using the individual word meanings [21].
It's a simulation of human language processing on the computer by
programming the knowledge of human cognitive mechanisms [22].

o It's a branch of artificial intelligence that deals with analyzing, understanding
and generating the languages that humans use naturally in order to interface
with computers in both written and spoken contexts using natural human

languages instead of computer languages [8].

2.2 Approaches

There are three main approaches for natural language processing, they are, Symbolic,

Statistical and Connectionist. [9]



2.2.1 Symbelic

This method originated in the late 1950’s and this tries to model intelligent behaviour
using physical symbol systems. Under this approach knowledge about the language is
included in to rules or other ways of representation (algorithms, data, etc.), [7]

2.2.1.1 Logic based systems

These systems use mathematical logic, and symbols are taken as logic propositions.
Logic programs use a declarative style of programming and computation is done
through logic deduction. One of the famous logic based programming languages is

Prolog.

2.2.1.2 Rule based systems

These systerms uise a isetof rules, inference engine and (working memory. A rule
consists of 2 parts, condition (left handside)-and conclusion (right hand side) and it is

used to represent knowiedge. The condition shoulid be true to fire the conclusion.
If (Condition) then (conclusion).
If (A>B) then (B+1)

The inference engine matches the facts against the rules to select a rule and execute it

[9).

2.2.1.3 Semantic networks [9]

This is a way of representing knowledge through interconnected nodes and arcs.
There are various types of semantic networks, and graphic representation is the most
common feature of them. The most famous classification for semantic networks is

John F. Sowa’s classification. They are as follows:

10



Definitional networks
Assertional networks
Implicational networks
Executable networks
Learning networks

Hybrid networks

Definitional Networks

This highlights sub type or is-a relation between a concept and its sub type. The oldest
known network of this type is the ‘Tree of Porphyry’ drawn by Porphyry a Greek

philosopher. Figure 2.1 shows
Supreme genus:
Differentiae:
Subordiiidle genera:
D{[feremiae.;
Subordinate genera:

Differentive:

the Tree of Porphyry.
/Substance\
material\ immaterial\
/ody \ Spirit
animaﬂe\ inanimate
Living Mineral
— ~
~ ~~
sensitive insensitive

/

Proximate genera: /Ani mal Plant
Differentiae: rational irrational

Species: H;m< Beast
Individuals; Socrates Plato  Aristolle  etc,

Figure 2.1 - Tree

of Porphyry Drawn by Peter of Spain. [6]



Assertional Networks

Assertional networks are a type of a semantic graph, which is used to make assertions
about the world and are believed to be true. In these graphs the nodes represent
concepts and the edges represent statements, beliefs or assumptions about the

concepts. Figure 2.2 shows a sample concept map.

~~—help to
represent T~ “Focus
¥ Question(s)"
o inctud Organized | needed m/'
Assocla G— includes
Feelings or Affect Knowledge answer are\
is
/ comprisedof \ﬁ, Context
at:zm / Dependent
L

nking| for  —5| Effective
Concepts munemeduslng | wWords fotm ‘9 mons \:eaching Jg,
w N\ l\

X are may be Effective | Personal|
Perceived y J; Unlts Y Learning
Regularities of Meanin Crosslinks |
Labeled Hierarchically 9
or Patterns Structured \

/ \ constmcted ]

D/ \4 oy w"h alds \n\ ""’g

5w gl Cogmtlve
Events | | gifects w M | e

(Happenings) | | (Things) W \41 Interrelationships
B > [ Experts] .
e N -

towe

Different
Map Segments

Figure 2.2 - Concept Map [18]

Implicational Networks

This type of semantic networks has propositional nodes and a relationship called
implication with an arrow head indicating the next proposition. If the proposition is
true then it will imply to the next proposition. If it fails there is no indication about the

second proposition. Figure 2.3 shows a sample implicational network.



T 2 g 1

F ~ Rainy season x T

Sprinklerinuse Recently rained

Wet grass

Slippery

Figure 2.3 - An Implicational Network for Reasoning About Wet Grass. [6]

Executable Networks

These networké have Imechamism to imakes some) changes|itself. The most common
kinds are message passing'(Pass data fifom'one node to another, where the data have
tokens or iriggers for other nodes), attached procedures (A program contain/ in a node
performs an action/computation on data that node or nearby node has) and graph
transformation (Combine, modify or break graphs in to other graphs by programs
external to those graphs triggered).

Figure 2.4 shows a data flow graph with rectangles for passive nodes, which contain

data and diamonds for active nodes, which contain functions.

13



| Figure 2.4 - A Data Flow Graph

Learning Networks

When a learning network encounters a new detail/information it will modify itself to

handle the new detail/information. There are 3 main ways to achieve this.

1. Convert the new detail/information and add it as a part of the network.

the weight/probability according to the new detail/information.

3. Restructure the network according to the new detail/information. This will be

2. If the nodes of the network have weights/probabilities, the network will update
the hardest but the most efficient method.
|

14



Figure 2.5 shows a sample learning network.

Hidden Layer
Input Layer Out Put Layer

Figure 2.5 - A Learning Network

When a new data/information-is :availablé;, the weight/probability, of the nodes of the
input layer and fnput are_combined land Swill (determing the weight/probability of the
nodes in thé hidden ‘layer. Finally. all ‘the weights/probabilities will decide the
weight/probability of the output.

Hybrid Networks

In this type of network, various problems can be handled by various methods. But
when one technique is inadequate, researches start developing hybrid networks which
have the strengths of several techniques and are better prepared to handle problems

more efficiently.



2.2.2 Statistical (Stochastic)

This uses various mathematical techniques with large sets of data (Corpora) to create

models. Some of the main areas of statistical techniques are:

o N-Gram Model
o Hidden Markov Models

o Probabilistic Context Free Grammar

2.2.2.1 N-Gram Model

The N-gram (When n = 1 called unigram, when n =2 bigram, n = 3 trigram.) model is
a stretch of n words and can be used to predict the next word based on the available n

words. This uses a corpus to gather prior information (training data).
Unigram model P(W1)P(W2)...P (Wn)

Bigram modelsB(W 1)R(W2IWANWHW2)1 -PAWn|Wn<l)

Trigram modei 'I;(WI)P(W2|W1)...P (WnjWhn=2Wwn=1)

N-gram model P(WI)P(W2|W1)...P (Wn|Wn—n—1...Wn—1)

2.2.2.2 Markov and Hidden Markov Meodel

In the Markov model all the states are visible to an observer and the parameters will
be the state transitions probabilities. But in the Hidden Markov model, only the
outputs which depends on states are visible and not the states. A state has different
probabilities for all outputs, and a sequence of outputs will give information about the
sequence of states. These models are mainly used for pattern recognition in speech,

handwriting, speech tagging, etc.

16



Markov Model

Figure 2.6 shows a sample Markov model.

Figure 2.6 - Markov Model

Starting Probability = {'X": 0.6, 'Y": 0.4}

If we want to calculate the probability for the sequence {‘Y’,’Y’,’X’,’X’} = P{*X’ |
XYP{X | Y }P{EY | Y} P{Y’} = 0.7%0.4%0.6%0.4

Hidden Markew Model

Figure 2.7 shows a sample Hidden Markov model.

Figure 2.7 - Hidden Markov Model

States = ('X', 'Y")

Observations = ('A', B, 'C")
17



Starting Probability = {'X": 0.6, 'Y": 0.4}
Transition Probability = {'X': X', : 0.7, X" : 'Y 0.3,'Y': 'X": 0.4,'Y"' : 'Y" 0.6}
Emission Probability = {'X' : 'A": 0.1, X' : 'B 0.4, 'X': 'C: 0.5, "Y' : 'A" 0.6, "Y' : 'B":
03,'Y':'C: 0.1}
If we calculate the probability for {*C’,’B’}
P{C’’B’} = PHC/BL{X/X}) + P{C/BL{X, Y} +
P{C B LY’ X ) + P({°C’B'L{"Y", Y’}
For first term,
PHCBLIXXY) = PUCYBY | (XX PUXX) = P(C |
XNDPHB X' HPEX Y PH{X|X})=0.5%0.4%0.6%0.7

2.2.2.3 Probabilistic Context Free Grammar

In this method. probabilities are assigned to each parse tree to resolve syntactic

ambiguity and pick thezmost probablejparse. tree.
e.g. Book the*flight through'Houston

According to the probability we can select first parse tree (D1) from Figure 2.8.

Po.1
Aas D,

Verb )
0.5 0.6

b00k0.6 et ominal 05

the Nominal P
0.37 1.0
Noun Prep NP g o
05 .. 0.2£ -
flight through EroPer-Noun
Houston

Figure 2.8 - Parse Tree 1 [19]
P(D1)=0.1*0.5%0.5%0.6*0.6*0.5*0.3*1.0*0.2*0.2*0.5*0.8 = 0.0000216

According to the probability we can select second parse tree (D2) from Figure 2.9.

18
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05 .. 0. L ’
~ flight through Igroroer-Noun
ouston

Figure 2.9 - Parse Tree 2 [19]

P(D2) =0.1*0.3*0.5%0.6*0.5%0.6*0.3*1.0*%0.5*0.2*0.2*0.8 = 0.00001296

2.2.3 Connectionist

This is very much similar to statistical methods. The main difference is this connects

statistical learping with various theories.

2.3 Existing Systems
23.1 ELIZA

Eliza first introduced by Professor Joseph Weizenbaum in 1965 as a computerized
conversion simulator. It has the facility to plug in different scripts to represent
different characters and the most famous character is "Doctor" which simulates a
psychotherapist. Eliza cannot understand anything, and it is designed only to search
patterns in the entered text and use that to generate responses. Eliza is written in Basic
and it runs on 16 Kb of RAM. [10].

Some of the early computer games based on ELIZA are Ecala, Dungeon, Moria, etc..
Programs like Abuse, ZEBEL, Jesus and I Am Buddha are based on ELIZA but use

different programming languages.

19
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2.3.2 Dr. Shaitso

This was an Al program for DOS based computers in the early 1990°s, created by
Creative Labs inc. This program tries to simulate a psychologist. The Al engine is
similar to the ELIZA algorithm and can calculate simple mathematics [11].

2.3.3 PARRY

PARRY is another early chatter bot which attempted to simulate a paranoid
schizophrenic (Mental disordered patient). The code compiles and runs using MLISP
language (meta-lisp) on the WAITS operating system running on DEC PDP-10. Some

parts of the code are written in assembly code [12].

2.3.4 Racter

This is an artificial intelligent' computer-program, 'whichis used to generate English
language prose at random. Written in BASIC on a Z80 with 64k of RAM and run on a
CP/M machine and used to compose a book called ‘The Policeman’s Beard Is Half

Constructed’. The macintosh version includes a speech synthesis [13].

2.3.5 MegaHAL

MegaHAL is a computer conversation simulator. When the user types a sentence
MegaHAL will answer with a sentence. But MegaHAL doesn’t understand the
conversation or the sentence structure; it generates its answers based on sequential

and mathematical relationships.

20



The procedure MegaHAL uses is, first it takes the user sentence and breaks it into
words (series of alphanumeric characters) and non words (series of other characters)
to learn new words. Using two 4™ order Markov model (One to predict which symbol
follows the sequence of 4 symbols and the other to predict which symbol precedes the
sequence of 4 symbols). It tries to generate the replies based on the key words of the
input. Frequently occurring words like ‘The’, ‘And’ will be discarded and the

remaining words are transformed if necessary e.g. my to your [14].

2.3.6 Ultra Hal Assistant

The Ultra Hal Assistant is a chatter bot Loebner price in 2007. Which is developed by
Robert Medeksza of Zabaware. Ultra Hal Assistant has a lot of features which other

chatter bot’s do not have [15]. A few of them are:

1. It has many animated characters to choose from and it generates sound and the
user is able to speak to it.(Windqws version).

2. Ultrai@Tak \can- remember. important odetails, . dial ; phone numbers, remind
importar_jt datess;

3. Itcan find all the windows programs in the start menu and run them.

4. Helps to browse the internet.

2.3.7 Elbot
Elbot is a chatter bot created by Fred Roberts using artificial solutions technology. It

has won some of the artificial intelligence competitions such as Chatterbox Challenge

and the Loebner Prize. [17]

21



2.4 Summary

This chapter covers mainly about the various natural language processing techniques

and some of the famous chat bots.

The first section discussed about natural language processing techniques such as
symbolic approach, where the intelligent behaviour of they system is modelled using
symbols; Statistics techniques, which are the most recent trend of natural language
processing, usually based on large corpora performing analysis using text
characteristics; and Connectionist techniques, which connects statistical learning with

various theories.

The second section discussed some of the successful chat bots which currently exist

such as Elisa, Parry and MegaHAL with their details.
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Chapter 3

Approach to the Seolution

3.1 Introduction

Based on the gathered knowledge the following approach was designed to create the

automated chat system. The proposed system has the following three major areas,

o Identifying the question
o Extract the details

o Finding the best prepared answer

Apart from those three major functionalities the system will update the

frequencies/probability of questions and its information.

3.2 Design

There are 7 ‘thaln/ areas ‘in'the' 'Chat 'bet)-such as'Identify'the-question, Extract the
details, Database, Prepare the answer, Knowledge capture, Information capture and
Knowledge engineer interface. With all these features Chat bot will try to give the

best possible answer for customer queries.

3.2.1 Identify the Question.

The first step of the chat bot system is to identify the customer queries. To achieve
this chat bot uses a set of sample queries stored in the systems knowledge base and an

algorithm is used to determine the most suitable query. Refer Appendix A.

3.2.2 Extract the Details

After identifying the most suitable sample question which matches to the customer
query, the chat bot tries to extract useful information from the queries. This is also

achieved with the help of the sample questions stored in the knowledge base.
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3.2.3 Database

The database of the chat bot has 2 parts. The first part is the knowledge base which
maintains all useful information to identify the questions, extracted details from them
and answer templates. The other section is the company database where the useful

stock information and other relevant information are stored.

3.2.4 Prepare the Answer

With all the required information available, the chat bot moves to the next step, which
is to prepare the answer. Based on the captured knowledge and the company database
information it will select the most suitable pre defined answer (also stored in the
knowledge base), to build the final answer filling the required information and

produce to the customer.

3.2.5 Knowledge Capture

While providifi:answers to, customer queries chat bot also has the ability to update its
knowledge base by updating the frequencies to increase its accuracy for future

queries.

3.2.6 Information Capture

This tool can be modified to capture key words in client queries with time and to save
in the database and can be used in forecasting purposes and to increase high quality

decision making.
3.2.7 Knowledge Engineer Interface

This is a separate application which shares the chat bot database and the company
database and helps the Knowledge Engineer to maintain the chat bots’
knowledge/data.
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3.3 Scope of the project

o This application is developed only to handle queries related to a Book Shop.

o The system will identify only some of the queries based on the provided
knowledge base.

o The system can only alter the probabilities of existing queries and answers,

based on the usage of the system.

3.4 Limitations of the scope

o This system depends on the domain knowledge, which has to be provided by
an external party (Knowledge Engineer) to the system.
o An operator or a Knowledge Engineer’s support will be required to feed

unhandled information as new knowledge to the system.

3.5 Technology:Used

Following are the summary of technologies which are being used in developing chat

bot application.

Operating System Windows XP

Programming Languages | Java, MySQL
Database server MySQL
IDE Eclipse, Net Beans

Table 3.1 - Technology Stack
Windows XP Operating System:

This is the most famous operating system produced by Microsoft. It is common
among majority of the computer users and comes with two main versions; home and

professional. To design the chat bot the Windows XP Home service pack 3 was used.
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Java:

Java, created in 1991 by James Gosling of Sun Microsystems and initially called Oak,
before being renamed to Java was originally designed for mobile cell phones. Java

comes under the GNU General Public License.

[t works as:

e Programming language - It can create any application a conventional language
can.

o Development environment - It provides compiler, interpreter, documentation
generator, class file package tool, etc.

o Application environment - Runs on any machine where the Java runtime
environment is installed.

o Deployment environment - JRE and the environment in the web browser.

It has features such as, JVM (Java Virtual Machine an imaginary machine emulating

the software or a real machine), Garbage collection, Code, etc. [23].
MySQL:

My SQL is & popular open source rational database management system (RDMS)
which runs as a server providing multi user access. Some of the large scale web
products like Flickr, Nokia, YouTube, Wikipedia and Face book use the MySQL
database. My SQL is a RDBMS and comes without GUI tools to administrator and

manage data, but various third party frontends are available.
Eclipse:

This is a multi language software development environment with an integrated
development environment (IDE). Eclipse released under the terms of Eclipse Public

Licence is a free and open source software.
Net Beans:

This is an integrated development environment (IDE) and a platform framework for
developing language such as Java, JavaScript, PHP, Python, etc. This framework was
designed using Java and with the availability of the Java Virtual Machine (JVM) can

be used in any operation system.

26



3.6 Software Licensing [ssues

Since the whole system is developed using open source tools, spending large sums of
cash purchasing license for software development tools, database management

systems is not required.

3.7 Summary

This chapter covered the design issues, decisions taken in developing the proposed

system and the technology proposed to design of the chat bot.
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Chapter 4

Amnalysis and Design

4.1 Imtroduction

This chapter discusses the main requirements arranged through a thorough research
on natural language processing, and the design of the proposed prototype and its
functionality.

4.2 [dentified Functional Requirements

o System shall provide an interface to customer to make his/her queries. (Similar
to a chat applicationj.

o System shall have facilities to get information from the organization data base.

o System shall have a knowledge base.

o Knowl€dge engineer shall have. facilities-to. include new information, update
knowlelcii-ge basg:

o System shall have the facilities to identify the customer queries.

o System shall have facilities to obtain the operator help if required.

4.3 Identified Non Functional Requirements

o Knowledge engineer should provide correct information.
o Chat bot should have a relatively large knowledge base to achieve higher level
of accuracy in question identification.

o An operator’s assistance is required to handle queries which chat bot fails to

handle.
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4.4 Proposed System

4.4.1 Main areas of the Chatbot

Figure 4.1 illustrates the proposed system design.

Problem (input) I ‘ ﬁ Answer (Out Put)

User Interface

Domain
Knowledge

\ i

Chat Bot <_:—>

Knowledge
Base

Company
Data Base <;:>

Figure 4.1 - Proposed System

The proposed system has four main areas, User Interface, Chat bot, Knowledge Base

and Company Database.

User Imterface — This is where the users of the Chat bot interact with it. This
interface is similar to any chat window. This has 4 main areas as illustrated in Figure

4.2.

o Display area where all the past chats and answers are displayed.

o Chat Area where the user types the queries.

o Exit button to exit from the Chat bot.

o Close and Minimize buttons to close the chat window or to minimize the chat
window.

o Submit button to submit the typed queries to the Chat bot.
29



- Knowledge Engineer Interface — This is the area where the knowledge engineer
manages the knowledge and stock information. The knowledge engineer has the
ability to add and edit new knowledge/information to the two databases used by the
Chat bot as shown in Figure 4.3.

Chat Bot — This is the heart of the chat bot where it identifies the customer queries,

and generates answers.

Knowledge base — This is where all the supporting knowledge required to chat bot’s
operations is stored. Chat bot has the ability to update certain data (probabilities) and
new knowledge should be given to chat bot through this database.

Company database — This is where the chatbot receives the stock and related
information to generate answers for customer queries. This same database can be used
for knowledge capturing about customer queries against time.

@ ~._Close and
ChatBot Minimize Buttons

|

Ll ~Display Area

—————Chat Area

]\Exit Button

Submit Button

Figure 4.2 - Chat Window
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1

o | BEE

Add | Edit_Exit
Add Books Edit Books Exit
Add Question Edit Question
Add Question Type Edit Question Type
Add Answer Edit Answer
Add Mapping Edit Mapging

Figure 4.3 - Knowledge Engineer Interface

4.4.2 Architectural Diagram

Figure 4.4 shows the architectural diagram of the system.

| A \\
d Chat Area D Q(mwledge Managemanﬂ

Search Knowledge

Figure 4.4 - Architectural Diagram

Update Knowledge |

Chat Area — This is where the customer interacts with the system. Customer can type

queries and will get answers through this window.

Knowledge Management — This is where the knowledge engineer maintains the
knowledge of the system. He/she can add, search and update knowledge. Access to

this section is only for selected persons.
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4.4.3 Use Case Diagram

Figure 4.4Figure 4.5 shows the use case diagram of the system.

Chat Bot
\
‘ 1. Roquest 3 Update Knowlage
Information Base

Customer >
2 Hand:e Selected 4 Add New Know'edge
User Queries

Knowledge Engineer
Oparclot

Figure 4.5 - Use Case Diagram of Proposed System

4.4.4 Data Base Design

The Following ER diagram (Figure 4.6) shows the RDBMS tables and their

relationships.

* Figure 4.6 - ER Diagram
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The system maintains a database to store details about the domain. In-addition to
details of the domain, the same database is used to store sample questions, sample

answers and other related data required by the application to work smoothly.

The same database keeps domain information (Book shop) separate, which will be

used to generate answers to customer queries.

4.5 How Chatbot Works
4.5.1 Identify the Question.

The chat bot will maintain a sample set of questions related to the domain. Each of
those questions has its own probability which will be changed/updated on each

customer query. The following steps will be followed to identify the customer query:

o  When “the Chat'“bot ‘receive ' 'a ~6ustomer ‘query' itVwill select the sample
predefined question 'with the highest probability and tries to match it with the
customer query. If the matching results are lower it will select the next
probable sample question and match it.

o [f the Chat bot identifies a successful match its next step is to extract the core
details of the customer query. This is achieved by removing the identical
words of the sample question and the customer query and taking the remaining
word/s.

o Each sample question has a predefined sub category. With the help of the sub
category the Chat bot tries to find a suitable matching with the core details in

the company database.

As an example if we take the bookshop domain.

If the selected sample question is “Do you have _ ?”, the most suitable sub
category will be “Book Name”, “ISBN Number” or “Book Type”. Other
categories like “Author”, “Publisher”, etc are not common with the selected

sample question.
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Each sub category has their unique probabilities (Updated as the sample
question probability after each successful matching).

Using the same example if “Book Name” has the highest probability for the
selected sample question, the Chat bot will search under the “Book Name”
column of the company database to find any matching.

If a successful matching is found by the Chat bot, it will update the
probabilities for the selected question by adding 0.01 and subtracting 0.001.

At this stage the Chat bot has the following details. Sample answer for the
identified question, details about the core information, and the core
information available in the company database.

The sample questions used in the chat bot are obtained through a small survey
done among a selected set of people. Where the selected people are asked to
provide various types of questions they are going to ask in the selected domain
(Book shop).

4.5.2 Prepare the Answer

With the ident{ﬁcation of the gustomer, queries and the required data the Chatbot has

to have the ability to generate successful answers to complete the dialog, and uses the

following method to do so.

(¢]

At the sample question design stage the knowledge engineer has to identify the
possible positive and negative answers related to each sample question. The
Chatbot using the assigned answers to the already identified question
determines the correct positive or negative answer and displays it to the
customer.

The positive or negative identification are made based on the search results of
the company database. If it is having matches for the core information
searched in the database will result a positive answer, vice versa will result in

a negative answer.
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4.5.3 Update Probability Based on Frequency

The Chat bot requires some sort of mechanism to identify the most likely sample

question first. It is highly unlikely to obtain a large set of training data, to set the

initial probabilities of each sample question which is used to identify the customer

queries. Hence, the method used to set initial probabilities of the sample questions is

as follows.

o

Give same probability “1” or a pre decided value for all sample questions. And
provide the Chat bot with a mechanism to adjust each questions probability
based on each customer queries. If the Chat bot successfully matches a
customer query to a sample question it will automatically increase the
probability of that sample question by 0.01, making that question’s chances of
getting selected next time higher. At the same time the Chatbot will decrease
the probabilities of all other sample questions by 0.001 to reduce their chances
of selécting néxt, times With [this imethod :we-expect;to:,get more and more
stable i)robabilities for’sample/questions based o cusfomer queries.

Samplesurvey' results’ (frequencies of each question type) not used for setting

up the initial probabilities, due to small number of people used in the survey.

The above mentioned methods are used to update the sub category probabilities. This

way the Chat bot tries to learn from the experience as discussed under learning

networks in Chapter 2.

4.6 Main Issues Faced

The coding language used is Java and only partially familiar with it. Eclipse
and Net Beans are IDEs which require putting an effort to learn them.
Had to refer larger number of documents/research papers to get a good

understanding about natural language processing and its techniques.
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o Amzi prolog and SWI prolog languages were learnt as Al languages, but due
to the new areas, complexities, and new way of coding used in those
languages (logic programming) and from time limitations, this was not used
for chat bot design and development.

o Statistical techniques were not used for planning and development since they
require larger corpuses and training data, which are harder to obtain freely.

o Most of the existing systems were designed for various competitions and
therefore very little technical and design information were available.

o Certain high quality research papers were not freely available which resulted

in some limitations of the research of existing technologies.

4.7 Summary

Under the design phase we discussed about the design of the proposed system through
activity, use case and ER diagrams. Furthermore, we explained how the Chat bot
works to achj_eVe its target cand thow! itvlearns (apdater'its knowledge base) and the

problems faced-in developing the system:
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Chapter 5

Conclusion and Future work

5.1 Conclusion

The main aim of the chat bot is to provide a basic idea of a technique which can be
used to improve small scale businesses. With the implementation of the chat bot
businesses can increase the customer satisfaction by providing information fast and
accurately than the existing e-mailing options. This system is also used to provide 24
hour customer supports in a much cheaper way, which is a major requirement for
global companies. With some more improvements we can make this chat bot

successful as a commercial product.

5.2 Future Werk

Although thessystem has the ability to handle some of the customer queries, there are

many areas which'can be further improved,

Currently, the system is using simple matching techniques and that can be improved
to use much more complex methods and algorithms, which will provided a much

more accurate understanding ability to the system.

Instead of using a predefined common probability, if we can achieve a much more
suitable probability for each sample question through a survey, we can get much more

accurate results from the beginning.

The initial knowledge base is relatively small and contains only the knowledge
acquired by the knowledge engineer and its ability to improve the efficiency of the
chat bot is limited. Adding more training data to the knowledge base of the chat bot

will lead to more accurate question identifications.
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Adding a knowledge capture mechanism of customer queries can add additional value
to the chat bot. That is, with the ability to identify the customer inquires about certain
goods can be combined with the time period (time and date) and stored in the
company database. After a large amount of such data is collected, it can be used to
forecasting customer trends/patterns. This can help the vendors in various ways, will
save the time and money spent on various marked surveys and sharing those
information with vendors can earn extra profits, and allows to be prepared well for

future sales.

Further, including a mechanism to direct customer queries which fails to be identified

by the system to an operator can be an added advantage.

5.3 Summary

In this chapter we have discussed about the limitations of the proposed Chat bot and
the areas of improvement. With. the-introduction, of these proposed new features we
can expect t0 Héve a much more efficient and user-friendly Chat bot which can handle

mdre complex dialogs.
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Appendix A

Algorithms Used in the Research

Levenshtein distance

—

O 0 N O W b WwWN

10

12 :
13
14 :
15:
16:

17

18 :
19:
20:
21:
22
23:
24 :
25:
26:
27 :
28:

: initialize integer matrix d
. initialize integer n, m, i, j
: initialize character s_i

: initialize character t_)j

: initialize string temp

. initialize integer cost

: nequals length s

: m equals length t

: ifnequals 0

: return m

: if m equals 0
fetuen n
if'wegreaten than m
temp equals s

s equals t

t equals temp

: nequals m

m equals length of t

d[ i},[0] equals i

d[0][j] equals j

ifs_iequalst_j

d equals new integer n-+1, m+1

for i equals O to i less than or equals n increment i

for j equals O to j less than or equals m increment |

for i equals 1 to 1 less than or equals n increment i
s_i equals character at i-1 of s
for j equals 1 to j less than or equals m increment j

t j equals character at j-1 of t



29:
30:
31:
32:

33

cost equals zero
else

cost equals 1

: return d[n]{m]

d[i][j] equals minimum of d[i-1][j]+1 or d[i][j-1]+1 or d[i-1][j-1]+ cost

Source : http://www.merriampark.com/ld.htm
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