
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-9 Issue-2S3, December 2019 

   416 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B11031292S319/2019©BEIESP 

DOI: 10.35940/ijitee.B1103.1292S319 
 

Abstract---Knowledge representation has been a topic of 

research and study from the time machine processing of data and 

information became popular. The attempt to mimic the human 

cognition using artificial intelligence techniques has been the 

goal of artificial intelligence systems. The crux of cognition is 

knowledge. Knowledge is an inference made from data and 

information that is acquired from a variety of sources. The ability 

to efficiently acquire information, process it and store it as a 

knowledge base for further retrieval and use makes the 

artificially intelligent system a cognitive system. The paper is a 

brief introduction to knowledge representation techniques and 

schemes.  

Keywords:--Artificial intelligence, Database, Knowledge base 

systems, Knowledge representation 

I. INTRODUCTION 

The successful implementation of any artificial 

intelligence system depends wholly on the efficiency and 

robustness of its knowledge representation techniques. 

Systems using artificial intelligence can be of two types. 

The more popular knowledge based systems and the less 

used non-knowledge based systems. In both the systems one 

or more artificial intelligence algorithms are used. The 

supervised and the unsupervised techniques in artificial 

intelligence depend on the dataset used for the machine 

learning. All the datasets have to be represented in the 

system and the effectiveness of the algorithm depends on the 

reliability of the datasets. The study of the knowledge 

representation techniques helps overcome challenges in 

using datasets especially in knowledge based systems.    

In this paper an attempt is made to introduce the 

knowledge representation techniques that are popularly used 

in knowledge based system. Thesectionfollowing it is a 

description of knowledge based systems. After that, few 

popular knowledge representation techniques are discussed. 

Before the final discussion and conclusion, a comparison is 

made between relation database and graph databases that are 

the two currently common storage schemes of data storage.  

II. KNOWLEDGE BASED SYSTEMS (KBS):  

KBS are computer systems or programs that has a 

repository of knowledge known as the knowledge base 

which is used for making inferences through a 

computational process. The creation of the knowledge base 

requires the acquisition of information from structured and 

unstructured sources and the conversion of these data into 

                                                           
Revised Manuscript Received on December 30, 2019. 

Dr. Ravi Lourdusamy, Associate Professor & Head of the Department, 

Department of Computer Science, Sacred Heart College (Autonomous), 

Tirupattur, TN - 635 601, India. 
Xavierlal J. Mattam ,Research Scholar, Ph. D. Management (full time), 

Department of Computer Science, Sacred Heart College (Autonomous), 

Tirupattur, TN - 635 601, India. 

machine processable formats. There are three parts in a 

KBS; the knowledge base, the reasoner or the inference 

engine and the interface system. [1] KBS are also known as 

expert systems or intelligent system or the knowledge 

systems in general. The earliest type of KBS is the rule 

based systems. Later the model based systems evolved and 

currently the cognitive KBS with artificial intelligence, 

evolutionary knowledge development and multisource 

knowledge acquisition is developed. [2]Rule based KBS 

provides constant interaction between multiple rules derived 

from expert knowledge. The rules remain in a „black box‟ 

and is not visible to the user. The two types of rule based 

systems are the backword chaining system or the logical 

programming systems and the forward chaining systems or 

the production systems. The rules in both the types are used 

for inferencing but are meant for problems of different types 

and use rules differently. The backword chaining methods 

usually use the „if-then‟ condition to logically evaluate each 

element and move from one condition to another till a final 

condition is met. If at any stage, the condition is not 

fulfilled, the backtracking method is used to move to 

alternate conditions from the previous positive condition. In 

forward chaining system, the production rules are used to 

evaluate the data stored in the „working storage‟. If the rule 

is met by the data, then an action is performed using the data 

based conditions. If the rule is not met, a different rule is 

used from the set of production rules.[3] 

The problem with rule based KBS is the need for a 

constant check for anomalies in the rules. The anomalies can 

arise either due to omission of certain rules that affect the 

inference which is classified as redundancy of rule or 

because there occurs wrong inferences due to the wrong data 

that is entered which is classified as conflict or when an 

inference is based on the same inference which is classified 

as circularity or no inference can be made from a set of 

input data which is classified as deficiency. [4] 

In the model based KBS a model of the knowledge base 

is first formulated and then in the design and 

implementation phase the model is worked out to check if 

the model fits the required result. If there is any problem in 

obtaining the result, the model is modified or changed. The 

emphasis on creating the model allows the design and 

implementation to be effortless and smooth. The modelling 

consists of two parts. The first part of the model consists of 

the domain knowledge and the second part consists of the 

problem solving. Both the parts can be separate models for 

more autonomy and reusability. A crucial element of the 

model based system is the knowledge acquisition model.[5]. 
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Modelling techniques can help in the building modelling 

templates that will in turn contribute in either creating new 

models or in the reuse or extending the existing models 

without much effort. The portability and flexibility of the 

model is an added advantage while creating new knowledge 

based systems. [6] 

The challenge of most rule based and model based KBS is 

the constant updating of knowledge. The earlier KBS 

required a complete creation and testing of the knowledge 

base so anomalies creep in when new knowledge is 

acquired. Another problem with the rule based system was 

that it was too slow, fragile and limited. The Artificial 

Intelligence (AI) based systems or the intelligent system 

automatized the knowledge acquisition and validation 

process making the KBS robust, efficient, reliable and 

relevant. Therefore, the KBS began to be used in many 

domains and were commercialised. [7] 

III. KNOWLEDGE REPRESENTATION 

TECHNIQUES 

The language used for human communication is termed 

as the natural language. Natural language is human readable 

but it is not easily machine processable. The machine 

processable language is formal language. Knowledge 

representation is computational models to represent natural 

language in machine processable form in order to acquire or 

infer knowledge from structured and unstructured data 

sources. Knowledge representation is also the central 

problem in AI based KBS. The different ways of knowledge 

representation techniques can be broadly classified into 

three: Logical knowledge representation, Semantic 

knowledge representation and frame based knowledge 

representation. [8], [9] 

3.1. Logical Knowledge Representation [8-12] 

In logical knowledge representation, the natural language 

sentences are broken into propositions that can be written in 

logical relations. Constants, variables, functions, predicate, 

connectives and qualifiers are used to create formulas using 

any one of a variety of logic such as predicate, first order or 

higher order, multi-valued, lambda calculus, modal, fuzzy 

and so on. The knowledge base of the KBS with logical 

knowledge representation contains a collection of formulas 

that can be manipulated by the addition or removal of 

propositions or by the addition and deletion of formulas. 

The advantage of logical representation is that it is straight 

forward with rules for the creation and modification of 

knowledge. Inferences too can be made using procedures. 

For simple constructs, logical representation works without 

much flaws. The simplicity of the logical representation, 

like mathematical formulas, can be grasped easily. 

Moreover, the proposition is represented once but can be 

used in many formulas. The drawback of logical 

representation is that it is difficult to use it for large and 

complex sentences. Moreover, there are not hierarchical 

organisation of knowledge on logic based KBS. 

3.2. Semantic Networks 

Semantic networks use directed graph representation with 

concepts or nodes or vertices which are linked using edges 

or relationships. The knowledge in semantic network is 

organised hierarchically and the sub-nodes inherit properties 

from its super-nodes. Knowledge is added by inserting 

nodes and labelled relationships. Information is retrieved 

from the semantic network based KBS by getting the 

concept and the path connected to the concept. This allows a 

direct access to the knowledge in the knowledge base. 

Moreover, the graphical representation helps present the 

knowledge in a more readable format. The problem with 

semantic web is the lack formal semantic representation 

techniques. Syntactic methods have to be used to represent 

concepts and relationships. For the representation of 

complex sentences, the semantic networks will not be very 

helpful.  

3.3. Frames 

Frames are similar to semantic networks with the nodes 

of the semantic network being represented by units in 

frames. Each unit and its associated properties and units 

form frames which acts as a unit of knowledge. Similar to 

the semantic network, the units in frames inherit knowledge 

from within a frame or from other frames. The advantage of 

frames over semantic network is that frames are able to 

represent complex sentences by breaking them down to 

simpler sentence and linking the different frames of the 

simple sentences. Compound sentences be represented in a 

single frame. Frames can also be represented using 

relational databases.  

There are other forms of knowledge representation like 

the procedural representation where the knowledge is 

represented if the form of procedures or production rules 

that have to be followed for knowledge acquisition or 

retrieval.  

IV. RELATIONAL DATABASE AND GRAPH 

DATABASE & RESULTS 

Relational databases and graph databases can both be 

used for knowledge base creation and utilisation. 

Traditionally the relational databases were used when the 

knowledge representation where logic based. With the 

popularity of the semantic networks rising, the graph 

databases began to become simultaneously popular. The 

frames can use both the relational and graph databases but 

tend to rely more on the robust relational databases. 

4.1. Relational Database 

Relational databases, introduced by Edgar Codd in 1970, 

began as a storage structure to help first order logic. It has 

found application mainly in relational algebra and relational 

calculus. The data object is stored in the form of a table in 

which the rows hold the records and the columns represents 

the fields. The rows and columns are related to the domain. 

The properties of an object can be held in different tables 

while the object itself becomes the primary key to identify 

its properties. The advantage of the relation database is that 

it can store huge amount of data and a search for an object 

and its properties is relatively faster. So, the information 

retrieval using relation database is quicker in huge datasets. 

[13]–[14] 
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4.2. Graph Database 

The graph databases began in response to the huge 

amount of linked data available through the internet. The 

objects in a graph are nodes that are linked to each other by 

the vertices that gives a labelled relationship between the 

nodes. The properties of an object in the graph are all the 

connected nodes together with the connections or 

relationships. The popularity of the graph databases grew 

mainly because of its similarity with the real world 

approach. The ability of the graph databases to reliably link 

big data is an added advantage. There are many approaches 

to graph database representation all of which are classified 

as the NoSQL representation of data. [13]–[15] 

4.3. Hybrid Database 

Hybrid database is the more recent attempt to combine 

the relational and graph database approaches. The 

combination of both the approaches tries to overcome 

limitations of individual approaches and also allows the 

migration from one approach to the other. Certain hybrid 

approaches allow data to be stored in their original form 

without migrating from one form to the other. This enables 

building of applications irrespective of the form of database. 

The portability of such applications helps in a wider use of 

it. [16][17] The complexity of such hybrid approaches are 

much greater than its advantages and use.  

V. DISCUSSION AND CONCLUSION 

Knowledge representation has been specialised field of 

study and research from the time that artificial intelligence 

as permeated all domains of information and knowledge. 

Knowledge representation is part of knowledge engineering 

and as such is a vital for any knowledge based systems. 

With vast amount of information available on the internet, a 

system of knowledge acquisition and representation is 

important for the application of the information. Study and 

researches have been done and lot of literature on the topic 

of knowledge representation has been produced. The paper 

is a preliminary introduction to the topic of knowledge 

representation and its use in knowledge base system. It 

could be further developed with various advance made and 

more research can be done to find an efficient and reliable 

knowledge representation technique 
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