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ABSTRACT 

 

In artificial intelligence, knowledge representation is a 
combination of data structures and interpretive procedures that 
leads to knowledgeable behavior. Therefore, it is required to 
investigate such knowledge representation technique in which 
knowledge can be easily and efficiently represented in computer. 
For better result knowledge should be organized in better way. 
Hence, a structure for that knowledge is required. The knowledge 
representation techniques are divided in to two categories 
declarative and procedural .This research paper compares various 
declarative knowledge representation techniques and proves that 
predicate logic is a more efficient and more accurate knowledge 
representation scheme. 
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1. INTRODUCTION  
 
 A knowledge representation (KR) is 
an idea to enable an individual to determine 
consequences by thinking rather than acting, 
i.e., by reasoning about the world rather than 
taking action in it. There are two basic 
components of knowledge representation i.e. 
reasoning and inference2. Knowledge 
representation (KR) and reasoning' is an area 
of artificial intelligence whose fundamental 

goal is to represent knowledge in a manner 
that facilitates inference (i.e. drawing 
conclusions) from knowledge. It analyzes 
how to formally think - how to use a symbol 
system to represent a domain of discourse 
(that which can be talked about), along with 
functions that allow inference (formalized 
reasoning) about the objects. Constructing 
an intelligent system, require large amount 
of knowledge and a method for representing 
large amounts of knowledge that permits 
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their effective use and interaction. In fact 
KR is the fundamental issue in AI that 
attempt to understand intelligence103. There 
are three wide perspectives of knowledge 
representation1& 4. 
• A knowledge representation (KR) is most 

fundamentally a surrogate, a substitute for 
the thing itself, used to enable an entity to 
determine consequences by thinking rather 
than acting, i.e., by reasoning about the 
world rather than taking action in it.  

• It is a set of ontological commitments, i.e., 
an answer to the question: In what terms 
should I think about the world?  

• It is a fragmentary theory of intelligent 
reasoning, expressed in terms of three 
components: (i) the representation's 
fundamental conception of intelligent 
reasoning; (ii) the set of inferences the 
representation sanctions; and (iii) the set 
of inferences it recommends.  

• It is a medium for pragmatically efficient 
computation, i.e., the computational 
environment in which thinking is 
accomplished. One contribution to this 
pragmatic efficiency is supplied by the 
guidance a representation provides for 
organizing information so as to facilitate 
making the recommended inferences.1 
 

2. TYPES OF KNOWLEDGE  
    REPRESENTATION  
 

Knowledge representation is a 
central issue in Artificial Intelligence (AI) 
research. In order to solve the diverse and 
complex problems encountered, one needs 
both a large amount of knowledge and some 
mechanism for the management and skillful 
utilization of that knowledge. The basic 
problem in Knowledge representation is the 
development of an adequate formalism to 
represent that knowledge. Two types of 

Knowledge representation techniques are as 
follows:  
• Declarative knowledge is defined as the 

factual information stored in memory and 
known to be static in nature. Other names, 
e.g. descriptive knowledge, propositional 
knowledge, etc. are also given. It is the 
part of knowledge which describes how 
things are. Things/events/processes, their 
attributes, and the relations between these 
things/events/processes and their attributes 
define the domain of declarative 
knowledge. e.g., A car has four tires; Peter 
is older than Robert.2 & 3.  

• Procedural knowledge is the knowledge of 
how to more on procedural knowledge 
than perform, or how to operate. Names 
such as know-how are also given. It is said 
that one becomes more skilled in problem 
solving when he relies declarative 
knowledge. e.g., Rule: To determine if 
Peter or Robert is older, first find their 
ages.2 & 3 

 
2.1  Comparison between Procedural and      
       Declarative Knowledge 
 

S. 
No 

Procedural Knowledge Declarative 
Knowledge 

1 Hard to debug Easy to validate 
2 Black box White box 
3 Obscure Explicit 
4 Process oriented Data – oriented 
5 Extension may effect stability Extension is easy 
6 Fast , direct execution Slow (requires 

interpretation) 
7 Simple data type can be 

used 
May require high 
level data type 

8 Representations in the 
form of sets of rules, 
organized into routines 
and subroutines. 

Representations in 
the form of 
production system, 
the entire set of 
rules for executing 
the task. 

 

Table 1: Comparison between procedural and 
declarative knowledge. 



 Anshu Shrivastava, et al., J. Comp. & Math. Sci. Vol.2 (3), 445-456 (2011)  447 

Journal of Computer and Mathematical Sciences Vol. 2, Issue 3, 30 June, 2011 Pages (399-580) 

3.  KNOWLEDGE REPRESENTATION  
  TECHNIQUES 
 

Currently there are many techniques 
for representing the knowledge such as List 
and tree (graph) which is used to represent 
the hierarchical knowledge. Semantic 
networks in which nodes and links are used 
to store the propositions. Schemas are used 
to represent commonsense knowledge. 
Frames and scripts are the commonly used 
Schemas. Frame Describe the objects consist 
of a set of nodes and links Knowledge 
represented by frame is organized in slots. 
Frames are hierarchically organized. Scripts 
are used to describe the event rather than 
objects. Consist of stereotypically ordered 
causal or temporal chain of events. Rule-
based knowledge representation basically 
used in problem-solving contexts that 
involve production rules containing if-then 
or situation-action pairs. Rule based or 
problem space representations contain: 

 

• Initial state. 
• Goal state. 
• Legal operators which are the things 

allowed doing. 
• Operator restrictions.103 
 
 Logic-based representations may 
use deductive or inductive reasoning that 
contain:- 
• Facts and premises. 
• Rules of propositional logic and rules of 

predicate calculus that allows use of 
additional information about objects in the 
proposition, use of variables and functions 
of variables. 

• Measures of certainty involve Certainty 
Factors. For e.g. If symptom then (CF) 
diagnosis)6. 

4.  KNOWLEDGE REPRESENTATION  
     USING LOGIC 
 

Logic Representation is the most 
common method of representing knowledge. 
Logic is language like representation of 
knowledge. Usually its statements are built 
up of two parts: 
• premises: information and observations 
• inferences: conclusions drawn from 

premises 
 

There are various types of Logic 
representation; 
 
• Propositional Logic (symbolic representation) 
• Predicate Logic (language like 

representation) 
• First order logic (a mix of Propositional 

and Predicate) 
• Temporal Logic 
• Fuzzy Logic 
 
Propositional Logic: A proposition is a 
statement that is either true or false. A string 
of symbols separated by conjunctions 
(AND), disjunctions (OR) negations (NOT). 
Propositional Logic assumes that knowledge 
contains only facts. The truth of a statement 
is known, it becomes a premise that can be 
used to derive new propositions or 
inferences.7 
 

Logical connectives are used to represent 
and: ∧  , or: ∨  , if-then:⇒ , not: ¬ . 
 
Predicate Logic: Language like 
representation of knowledge that facilitates 
inference using predicate calculus. 
Propositional logic is useful, but it has one 
big drawback: we cannot talk generally, but 
only about specific examples (propositions). 
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Predicate logic overcomes this by allowing 
us to quantify over variables. To do this, 
predicate logic introduces two new 
quantification symbols: 
 
• Universal quantification: ∀x. ("for all x, it 

is the case that ..."); 
• Existential quantification: ∃ x. ("there 

exists an x, such that ..."). 
 

This allows us to make some more 
general sentences over those possible in 
propositional logic: 

 
∀x, ∃y: Father(x, y). -- Every man has a 
father. 
∀x: Man(x) ⇒ Blue(x).   -- All men are blue. 
 
First-order logic is symbolized reasoning in 
which each sentence, or statement, is broken 
down into a subject and a predicate. The 
predicate modifies or defines the properties 
of the subject. In first-order logic, a 
predicate can only refer to a single subject. 
First-order logic is also known as first-order 
predicate calculus or first-order functional 
calculus. In first-order logic, a sentence can 
be structured using the universal quantifier 
(symbolized ∀) or the existential quantifier 
(∃). Consider a subject that is a variable 
represented by x. Let A be a predicate "is an 
apple," F be a predicate "is a fruit," Then we 
can say ∀( x) : A(x) F(x)  which 
translates to "For all x, if x is an apple, then 
x is a fruit."9 
 
Temporal Logic:  
 

In logic, the term temporal logic is 
used to describe any system of rules and 
symbolism for representing, and reasoning 
about, propositions qualified in terms of 

time. For example, in a temporal logic we 
can then express statements like "I am 
always hungry", "I will eventually be 
hungry", or "I will be hungry until I eat 
something".11,12 
 
Fuzzy Logic:  
 

It is a form of many-valued logic 
derived from fuzzy set theory to deal with 
reasoning that is fluid or approximate rather 
than fixed and exact. In contrast with "crisp 
logic", where binary sets have two-valued 
logic, fuzzy logic variables may have a truth 
value that ranges in degree between 0 and 1. 
In simple words we can say fuzzy logic is a 
super set of conventional (Boolean) logic 
that has been extended to handle the concept 
of partial truth--the truth values between 
completely true and completely false.8  
 
5. SEMANTIC NET 
 

The basic idea behind a semantic 
network is that knowledge is often best 
understood as a set of concepts that are 
related to one another. The meaning of a 
concept is defined by its relationship to other 
concepts.  

A semantic network consists of a set 
of nodes that are connected by labeled arcs. 
The nodes represent concepts and the arcs 
represent relations between concepts. 
Computer implementations of semantic 
networks were first developed for artificial 
intelligence and machine translation, but 
earlier versions have long been used in 
philosophy, psychology, and linguistics14. 
Inheritance is most useful form of inference. 
Inheritance is the property in which element 
of some class inherit the attribute and values 
from some other class as shown in Fig.1. 
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Fig.1 Property of inheritance [35] 
 

 
 

 
Fig. 2 Representation of IS-A, HAS, INSTANCE [17]. 
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Commonly used links in semantic 
nets are i.e. IS-A, and A-KIND-OF. IS-A 
means is an instance of or refers to a 
member of some class whereas A-KIND-OF 
represents the link from one class to other 
class as shown in Fig 2. 

 

Following are six of the most 
common kinds of semantic networks.  
1. Definitional networks emphasize the 

subtype or are-a relation between a 
concept type and a newly defined 
subtype. The resulting network, also 
called a generalization or sub 
assumption hierarchy, supports the rule 
of inheritance for copying properties 
defined for a super-type to all of its 
subtypes. 

2. Assertional networks are designed to 
assert propositions. Unlike definitional 
networks, the information in an 
assertional network is assumed to be 
contingently true, unless it is explicitly 
marked with a modal operator.  

3. Implicational networks use implication 
as the primary relation for connecting 
nodes. They may be used to represent 
patterns of beliefs, causality, or 
inferences.  

4. Executable networks include some 
mechanism, such as marker passing or 
attached procedures, which can perform 
inferences, pass messages, or search for 
patterns and associations.  

5. Learning networks build or extend 
their representations by acquiring 
knowledge from examples. The new 
knowledge may change the old network 
by adding and deleting nodes and arcs or 
by modifying numerical values, called 
weights, associated with the nodes and 
arcs.  

6. Hybrid networks combine two or more 
of the previous techniques, either in a 
single network or in separate, but closely 
interacting networks.17 

 
5.1 Extending Semantic Nets 
 

Simple semantic networks can only 
express collections of variable-free 
assertions. Here we will consider some 
extensions to Semantic nets that overcome a 
few problems or extend their expression of 
knowledge. 

 
5.1.1 Partitioned Networks 
 

Partitioned Semantic Networks 
allow for propositions to be made without 
commitment to truth and expressions to be 
quantified. The basic idea behind partitioned 
semantic network is breaking a network into 
spaces which consist of groups of nodes and 
arcs and regard each space as a node. For 
example  
 
Consider the quantified expression:  
Every parent loves their child.  
 
To represent this we: 
 

• Create a general statement, GS, special 
class.  

• Make node g an instance of GS.  
• Every element will have at least 2 

attributes:  
♦ a form that states which relation is 

being asserted.  
♦ one or more forall (∀ ) or there exists   

( ∃ ) connections - these represent 
universally quantifiable variables in 
such statements e.g. (x,y) in  

∀ x: parent(x)→∃ y : child(y) ∧ loves(x,y)  
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Here we have to construct two 
for each(x,y). 
 
NOTE: We can express 
existentially qualified variables and express 
 

 
5.1.2 Frames 
 

Frames are descriptions of 
conceptual individuals. Frames can exist for 
``real'' objects such as ``The Watergate 
Hotel'', sets of objects such as ``Hotels'', or 
more ``abstract'' objects such as ``Cola
Wars'' or ``Watergate''. Frames are 
essentially defined by their relationships 
with other frames. Relationships between 
frames are represented using 
f is in a relationship r to a frame g, then we 
put the value g in the r slot of f. 
For example, suppose we are describing the 
following genealogical tree:  
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Here we have to construct two spaces one 

: We can express ∃ variables as 
variables and express 

the event of love having an agent 
receiver b for every parent p which could 
simplify the network.  

So we could construct a partitioned 
network as in Fig 4. 

 
Fig. 4 ∀ Partitioned network [101] 

are descriptions of 
conceptual individuals. Frames can exist for 
``real'' objects such as ``The Watergate 
Hotel'', sets of objects such as ``Hotels'', or 
more ``abstract'' objects such as ``Cola-
Wars'' or ``Watergate''. Frames are 

d by their relationships 
with other frames. Relationships between 
frames are represented using slots. If a frame 
f is in a relationship r to a frame g, then we 

of f.  
For example, suppose we are describing the 

 

 
The frame describing Adam might look 
something like:  
 

Adam: 
   sex:     Male 
   spouse:  Beth 
   child:   (Charles Donna Ellen) 
 

where sex, spouse, and child are slots. Note 
that a single slot may hold several values 
(e.g. the children of Adam).19 

)  451 
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having an agent p and 
which could 

So we could construct a partitioned 

 

 

The frame describing Adam might look 

 

where sex, spouse, and child are slots. Note 
that a single slot may hold several values 
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Frames can represent either generic 
or frame. Following is the example for 
generic frame fig 5. The fillers may values 
such as computer in the name slot or a range 
of values as in type’s slot. The procedures 
attached to the slots are called procedural 
attachments. There are mainly three types of 
procedural attachments: if-needed, default 
and if-added.16 
 

 
Fig 5. Generic Frame

 
There are two different naming 

systems for frame first is its true name that 
uniquely describes the frame and second it 
can have any number of public names. 
Public names are values stored in the name 
slot of the frame.  
 
For instance, Frame frame-30 will l
name: ("women") 
sex: (frame-3) 
spouse: (frame-31) 
child: (frame-29 frame-31) 
 
here frame 30 is the true name
uniquely. True names are the pointers from 
one frame to another that actually represent 
the structure of the knowledge base.
names are for communication with other 
agents. The advantage of a frame based 
knowledge representation is that there is no 
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Frames can represent either generic 
or frame. Following is the example for 
generic frame fig 5. The fillers may values 
such as computer in the name slot or a range 
of values as in type’s slot. The procedures 

are called procedural 
attachments. There are mainly three types of 

needed, default 

 

Fig 5. Generic Frame 

There are two different naming 
systems for frame first is its true name that 
uniquely describes the frame and second it 
can have any number of public names. 
Public names are values stored in the name 

30 will look as:  

true name that refer it 
uniquely. True names are the pointers from 
one frame to another that actually represent 
the structure of the knowledge base. Public 

are for communication with other 
agents. The advantage of a frame based 
knowledge representation is that there is no 

need to search the entire knowledge
because the objects related to a frame can be 
easily accessed directly looking in a 
the frame.20 
 
6. CONCLUSION 
 

Knowledge base in A.I is supported 
by various techniques for representing the 
knowledge. There are various knowledge 
representation schemes in AI. All have 
different semantics, structure and different 
level of power. This paper has presented the 
comparison between three declarative 
representation of knowledge in annexure 1 
and the objective is to analyses the power 
and expressiveness of a system. Each 
knowledge representation scheme has 
advantages and disadvantages. Fusi
or more Knowledge representation scheme 
may be used for making the system more 
efficient and improving the knowledge 
representation. 
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Annexure 1 

Table 2: Comparison between Predicate Logic, Semantic Net and Frame 
 

S.

no 

Knowledege/ 

Strucutre 

Predicate Logic Semantic Network Frames 

1 Invented by David Hilbert and 

Wilhelm 

Ackermann Richard H. Richens Marvin Minsky 

2 Year 1928 1956 1975 

3 Nearest Data 

Structure 

Rule Based 

System 

Graph Class in Object Oriented Programming 

4 Merits 1. Its provide a   

    better way to do   

    reasoning by          

    providing a way  

    of deducing new     

    from old one. 

2.It can be used for  

    proving the        

    statements. 

3. Quantified and  

    Existential  

    statements are   

    easily represented. 

1. Easy to visualize & understand. 

2.Knowledge engineers can easily  

   define the relationship. 

3 .Related knowledge can be  

   easily Categorized. 

4. Node objects represented only  

    once. 

5 .Efficient in space requirements 

     • Objects represented only once 

     • Relationships handled by     

       Pointers. 

1 .Easy to set up slots for new  

    properties and relations. 

2 .Easy to include default Information  

    and detection of missing values is  

    also easy.. 

3 .Domain knowledge model reflected    

    directly. 

4 .Efficient 

5.Support procedural knowledge 
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5 Demerits 1.Less expressive. 

2.Used for  

    representing statics  

    Facts only. 

3.Predicate logic is    

   not useful for  

   representing facts   

  like degree of 

  hearts/ certainty, 

heuristic       

  information. 

 

1.Binary relation are easy to  

   represent. But some time it is  

   difficult. 

2.Quantified statements are very  

    hard to represent by Semantic  

    net. 

3.Tthe lack of link name standard. 

4 .If a node is labeled "Student,"  

    for example, does it represent: 

• a specific Student 

• the class of all Student 

• the concept of a Student 

1. No associated reasoning/inference  

    mechanisms. 

2 .Lack of semantics. 

3. Expressive limitations. 

6 Searching 

Algorithms 

1.Breadth First. 

2.Depth First. 

3.Chaining 

     • Forward  

     • Backward 

1. Intersection Search. 

2 .Inheritance. 

3.Breadth First. 

4 .Depth First. 

5 .Heuristic search 

1 Inheritance. 

2 Frame Matching (i.e. unification) 

7 Type  Declarative Declarative Declarative/Procedural 

8 Software 1 Prolog 

2 Lisp 

1Universal Semantic Code 

2 OWL(Ontology Web Language) 

1 KM (Knowledge Machine) 

2 Frame Talk 

3 Loom 

9 Variants 1. First order  

predicate logic 

2. Second order  

predicate logic 

3. Many-sorted  

logic 

4 Infinitely logic 

5. Annotated  

predicate logic 

6. Predicate  

calculus 

1 .Partitioned Semantic net 

2 .Neural Networks 

3 .Data flow diagram 

1. KRON (Knowledge representation     

    Oriented Net 

• Declarative frames 

• Prodecular frames 

2 .Frame with Fuzzy logic 

3 .Frame with well form formula  

    (wff) 

10 Applications 1. Inductive  

reasoning (For  

drawing 

conclusion) 

2 . Deductive  

reasoning ( For  

 drawing logical 

conclusion 

 3. Machine  

Learning. 

4. Natural  

language 

processing. 

1. Practical knowledge  

    representation for the Web. 

2 .Semantic modeling and  

    knowledge representation in 

    Multimedia Database. 

3. To Model Trouble shooting’s    

    knowledge. 

4 .In Pattern-recognition semantic  

    net can be used to help the 

   computer to identify how objects  

   to be analyzed are related to one 

   another. 

5 In Natural language processing. 

1.For discrete event system.(DES) 

2 .For an Intelligent Environment. 

3 .Human resource management  

    problem domains including  

    planning, selection, placement,  

    performance, evaluation etc 

4. CORBA based distributed  

    environment. 

5 .In Natural language processing. 

6 .Machine learning 
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11 Example 
" ∀ (x) :  

Father( Bill , x) 

⇒  Mother  

( Hillary , x)” 

 

“All of Bill’s kids 

are also Hillary’s 

kids.” Here x is 

kid and the 

universe is the set 

of kids, Bill is the 

father of x this 

implies that 

Hillary is the 

mother of x.  

  

12 Example ∃ (x) :  Father  

(Bill , x ) ∧   

Mother ( Hillary , 

x ) 

 

“There is a kid 

whose father is 

Bill and whose 

mother is Hillary” 

There exist a chid 

whose father is 

bill and whose 

mother is Hillary 

 

An implication network of wet grass in semantic net 
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