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Abstract— Chatbots are applications that provide interaction 

between humans and machines. Though may chatbot 
systems have evolved, there is a need for performance 

improvement based on retrieval accuracy, time and other 

parameters in the existing system. An Ontology based 

intelligence chatbot has been proposed to improve accuracy. 

This chatbot helps user by mapping relationships of the 

various entities required by the user, thus providing details 

and accurate information there by overcoming the 

drawbacks of the traditional chatbots. The ontology template 

is developed using Protégé which stores the knowledge 

acquired from the website APIs while the dialog manager is 

handled using Dialogflow. Existing chatbot does not used 

any semantic knowledge based on Ontology. The intelligent 
chatbot is expected to improve in its performance. 
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I. INTRODUCTION 

Chatbot is a computer program that interacts with users 

using natural Languages. Chatbot systems allow to realize 

simply a dialogue system based on natural language. Bots 
use pattern matching to classify the text and produce a 

suitable response for the queries. A standard structure of 

these patterns is “Artificial Intelligence Markup Language” 

(AIML) [1]. Chatbot knows the answer only if the 

preformatted response is in the associated pattern. But it 

cannot go beyond the associated pattern. To take it to an 

advanced level algorithm can help. For each kind of 

question, a unique pattern must be available in the database 

to provide a suitable response. With lots of combination on 

patterns, it creates a hierarchical structure. We use 

algorithms to reduce the classifiers and generate the more 

manageable structure. Classification score identifies the 
class with the highest term matches, but it also has some 

limitations. Chatbots can be used as interfaces to a vastness 

of applications including entertainment applications, 

educational applications, e-learning platforms, research 

engines, and ecommerce web-site navigation.   

In recent years the development of ontologies has 

been moving from the realm of Artificial-Intelligence 

laboratories to the desktops of domain experts. Ontologies 

[2],[7] are human readable, comprehensive, sharable and 

formal which means that they are expressed in a language 

that has well-defined semantics. A number of tools and 
techniques do handle the issue of mapping one of them into 

the other, ontology to relational database and vice versa. In 

this paper, an ontology based chatbot is proposed to provide 

an easy to use, domain independent, scalable, dynamic and 

smart conversational agent. 

Sections 2 present some background and related 

work, respectively. Section 3 demonstrates the details of the 

proposed approach. The conclusions and future work are 

outlined in section 5. 

II. LITERATURE SURVEY 

Various techniques and technologies involved in the 

development of chatbot has been discussed and the role of 

natural language processing techniques in conversation 

designing, also ideas of integrating semantic web to the field 

of chatbot are discussed. 

A. AIML based Chatbot 

M S Satu et al [1] proposed a method of Artificial 

Intelligence Markup Language based chatbot are most 

popular because they are lightweight and easy to configure. 

ALICE is the most popular AIML based chatbot which won 

Leobner Price. From this paper, we have understood about 

AIML and categories and pattern matching schemes of it 

provide us an understanding about the response generation 

in chatbots. The performance this chatbot completely 
depends on the available preformatted responses which 

makes it inflexible to use in current scenarios. 

B. Natural Language Processing Techniques 

Yasir Ali Solangi et al [4] proposed that there are some 

preprocessing stages required for structuring the text, 

extracting features, segmentation, tokenization, Parts of 
Speech (POS) tagging and parsing in opinion mining. 

Tokenization is an essential strategy for most NLP tasks. It 

parts a sentence or archive into tokens which are words or 

expressions. For English, it is minor to part words by the 

spaces, but some extra information should be need to 

consideration, such as “opinion phrases”, named elements. 

Conditional Random Fields (CRFs) is connected to this 

issue & beat concealed “Markov models” & most extreme 

entropy “Markov models”. Now days, “word embedding” 

and “deep learning” based methodologies have been 

connected for the segmentation off word. 

C. Generating AIML Knowledge Base Automatically 

Bhavika et al [5] proposed, developing a Java program that 

converts readable text (corpus) to the chatbot language 

model format. Two versions of the program were generated. 

The first version is based on a simple pattern template 

category, so the first turn of the speech is the pattern to be 
matched with the user input, and the second is the template 

that holds the robot answer. Usually, the dialogue corpora 

contain linguistic annotation that appears during the spoken 

conversation such as overlapping and using some linguistic 

filler. 

D. Semantic web ontology languages 

Grigoris Antoniou et al [9] proposed that ontologies have a 

long history in Artificial Intelligence (AI), the meaning of 

this concept still generates a lot of controversy in 

discussions, both within and outside of AI. We follow the 

classical AI definition: an ontology is a formal specification 

of a conceptualization that is, an abstract and simplified 
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view of the world that we wish to represent, described in a 

language that is equipped with a formal semantics. In 

knowledge representation, an ontology is a description of 
the concepts and relationships in an application domain. 

Depending on the users of this ontology, such a description 

must be understandable by humans and/or by software 

agents. In many other field – such as in information systems 

and databases, and in software engineering – an ontology 

would be called a conceptual schema. An ontology is 

formal, since its understanding should be non-ambiguous 

both from the syntactic and the semantic point of views. 

E. Information extraction based on Ontology 

Ontology based Information Extraction is a discipline in 

which the process of extracting information from various 

information repositories is guided by an ontology. The 

process of extraction of information itself involves multiple 

steps which include pre-processing the text into a machine 

processable form and defining heuristics to identify the 

information to be extracted. The ability to extract 

information from text enables different applications such as 
question answering systems by the authors Amy Aung, and 

May Phyo Thwal [8]. 

III. METHODOLOGY 

This section discusses the proposed approach with Fig. 1. 

showings the general architecture of ontology based chatbot. 

 
Fig. 1: Chatbot Architecture 

A. OWL to Database Mapping 

This part represents a novel step in chatbots world where 

chatbot will depend on any of the available ontology to 

relational database mapping techniques to get its knowledge. 

The transformed ontology will be stored in tables to form 

the base of chatbot knowledge that will be manipulated 

using an inference engine to suit chatbot needs and 

methodologies. 
The power of the chatbot relies on its capabilities 

of handling different domain knowledge automatically 

without the need of human intervention; Whatever the type 

of ontology files that will be mapped, after the conversion 

into database tables, Ontology based chatbot should be able 

to handle different questions-answers scenarios by itself 

without the need to predefine them. 

B. Semantic Knowledge base 

Traditional chatbots use AIML for creating the questions 

and answers in the form of categories and store the resulted 

scenarios in AIML files. These files represent the 

knowledge base of the chatbot [1]. But in ontology based 

chatbot, the knowledge base here will contain the resulted 

mapped ontological tables. This will empower our chatbot 

with all the facilities and advantages of the database and 

DBMS over the file system. Chatbot knowledge base could 

be integrated with any existing database. It may also contain 
extra optional tables. These tables could be predefined ones 

or added at any time, they may contain scenarios to handle 

greetings, out of scope topics, session information to be 

managed. 

C. Natural Language Processing Module 

This module is responsible on processing user input in a 
way that facilitates the mission of getting the needed 

answer. Several functionalities should be considered before 

start searching for a match in knowledge base and then 

succession in getting the best answer. Such functionalities 

include input tokenization, stopper filtering, stemming and 

synonyms handling [4].  Fig. 2. illustrates the four 

functionalities and their sequence. 

1) Tokenization 

Splitting the input into words or tokenization, is an 

important first step in the decision of natural language 

processing. It involves some operations that is necessary to 

facilitate the target matching process. A set of splitters will 
be used in order to break down user input into tokens. Such 

splitters include space, punctuations, special symbols and 

others. Both user input and stored words will be tokenized. 

2) Stopper Filtering 

Stopper Filtering is the phase that refers to the process of 

removing set of fluff words that may exist in user input. The 

stop list consists of a list of common function words such as 

determiners (a, the, this), prepositions (in, from, to), 

conjunctions (after, since, as), coordination (and, or), Also 

those words which occur more frequently but contribute 

little meaning like about, them, only etc.   
3) Stemming 

Word stemming is an important feature especially when we 

talk about indexing and search systems. It is also could be 

thought as a fault tolerant technique in our case since we 

will match between words roots (from both sides, input 

word and stored word to be matched with) and thus, if the 

entry in our database that is coming from the web and 

resulting from ontology mapping is in its present tense while 

user input writes it in past tense, it will not be considered as 

a mismatch. There are many available stemming algorithms. 
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Fig. 2: Natural Language Processing Module 

4) Finding Synonyms 

Synonyms/alternatives of a word are obtained in order to be 

checked. This is required if there is no match found between 

user input token and a stored word one, in this case chatbot 

will assume that the user may use a synonym words of the 

stored one so it will get them all. These synonyms will be in 

turn considered as new entries and one by one searched 

against the target stored words. If again no matching found, 
the word will be considered as a mismatched one. WordNet 

is going to be used to find words alternatives. 

D. Inference Engine 

This is the main component of the architecture. It represents 

the brain of Chatbot. The input to this module will be the 

normalized user question that results from Natural Language 
Processing Module while the final output will represent the 

target answer. This answer will be then forwarded to the 

next module which is to prepare and decorate it for final 

presentation. Three sub-modules, as shown in Fig. 3. 

formulate the Engine: Scope Specifier, Rule Matcher, and 

Query Processor. 

1) Scope Specifier 

This module attempts to act like human in understanding 

about what user talks, it tries to specify the scope of a 

question in order to be able to handle the conversation in a 

right way and source the next module of all needed 
information regarding that scope. When it finds that user 

talks randomly or out of scope, it will help user to get to the 

point by notifying user about the domain of the conversation 

and then user can ask chatbot for more details on how to get 

benefit from all that as a secondary service provided by this 

module. Technically speaking, having the normalized user 

input tokens that are resulted from the previous phase; 

Natural Language Processing Unit, this module will rely on 

chatbot’s knowledge base (data and/or meta data) to find 

any related match with user input, whether it’s a match with 

table name, attributes or specific instances. If a match is 

successfully found, Scope Specifier will feed the next 
module, Rule Matcher, with the needed information to aid it 

in continuing the job of getting the needed response as what 

we will see next. 

2) Rule Matcher 

After specifying the scope of the conversation and getting 

the needed information from the previous module, Rule 

Matcher will try to find a matching rule given the 

normalized user input tokens as another input. Rule Matcher 

will perform some manipulation over both inputs to form the 

basis that it will depend on when searching for appropriate 
rule. 

Simple questions domains are direct questions. 

Such questions can be definition questions, measure 

questions, list questions, comparisons ones, yes/no and 

many others. Complex questions domains include any 

questions that need extra analysis or indirect manipulations. 

Examples of complex questions include those that are 

mathematical based or the one that need to access more than 

one table to get the needed answers. Here, we can get the 

benefits of all the facilitations of Relational Database and its 

DBMS. 

3) Query Processor 
This module will be responsible of the actual physical 

queries execution. It takes the right queries from the Rule 

Matcher, check their correctness before executing them 

against chatbot’s knowledge base. Retrieved results are then 

passed in a suitable and readable way to the Answer 

Formalism Unit that will take care of displaying readable 

and understandable answers to the user. 

 
Fig. 3: Inference Engine 

E. Answer formalism 

Before displaying answers to users, its vital to ensure that 

they are readable, errors-free whether they are spelling 
and/or grammatical errors. The way results will be displayed 

to users should also be friendly and close to naive user 

understanding especially that these answers simply represent 

tables entries. We may need to specify the pluralization of a 

word. Finally, if we need to know the gender of a word, 

male or female so that we can form the answer, we can use 

WordNet tool for this purpose. 

IV. EVALUATION AND RESULT 

The Movies data is provided as text files which need to be 

converted into an SQL file using a third-party tool. The tool 

generates an SQL schema (tables) appropriate for storing 

movies data and then reads the plain text data files to 

generate the SQL INSERT commands that populate the 

tables. The mappings for this scenario are natural mappings 

that associate the data in the relational database to the movie 

ontology's vocabulary. They are natural mappings, in that 

the only purpose of the mappings was to be able to query the 

data through the ontology. 

The total number of RDF triples coming from the 
dataset (the database together with the mappings) is 

 

Tokenization 

Finding 

Synonyms 

Filtering Word 

Stemming 

Natural Language Processing Module 
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42,495,953 triples. The following tables give you the 

performance values that we obtained running this scenario 

on an average desktop PC with 8 GB of RAM. 

Query ID Time execution (in ms) 

Find movie 48 

Find producer 37 

Find director 39 

Find editor 38 

Find movie genre 42 

Find movie budget 41 

Find movie gross 38 

Find movie actors 43 

Find movie director 36 

Find movie producer 40 

Table 1: Simple Queries 

Query ID Time execution (in ms) 

Find the top 10 movies based on 
ratings 

3545 

Find the bottom 10 movies based 

on genre 
595 

Find all information about a 

movie 
1534 

Table 2: Complex Queries 

V. CONCLUSION AND FUTURE WORK 

Through the proposed project and research, this system will 

help the users obtain information by overcoming major 

flaws in the existing chat bots which could not understand 
the relationship between entities and properties. The 

proposed system successfully maps relationships and 

retrieves data. This chatbot will be ontology-portable, it will 

represent a plug-in component that can be replaced with 

another ontology that models a completely different domain 

without any change in the system and that is what makes 

chatbot more dynamic and flexible. The future work 

involves the enhancement of the chatbot system using more 

efficient approaches for entity recognition and add up the 

feature of summarization of the conversation to the system. 
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