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Abstract 

In this paper we introduce the concept of intuitionistic fuzzy IF-THEN rules and 

intuitionistic fuzzy implications. We introduce the concept and formulae of 

intuitionistic fuzzy IF-THEN rules and study the different interpretations of these 

rules to produce different types of intuitionistic fuzzy implications, which are then 

classified as local or global implications. Subsequently, six types of intuitionistic 

fuzzy implications are introduced, namely the intuitionistic fuzzy Dienes-Rescher, 

Lukasiewicz, Zadeh, Gödel, Mamdani minimum and Mamdani product 

implications. The first four implications are global implications while both the 

Mamdani implications are local implications. The behaviour and interaction 

between two intuitionistic fuzzy sets when an intuitionistic fuzzy IF-THEN rule 

and intuitionistic fuzzy implication is applied is then analyzed. 

___________________ 
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1. Introduction 
 

Fuzzy set theory which is a generalization of the classical theory of sets was 

introduced and developed by Zadeh in 1965  (see [1]) as an alternative to classical 

set theory, probability theory and classical control theory to model situations that 

are subjective in nature, in which there exists a high level of uncertainty and 

fuzziness. In a conventional fuzzy set, the membership function assigns every 

element in  a universal set to a value in the interval [0, 1] to indicate the degree of 

compatibility of the element to the fuzzy set. However, Atanassov (see [2]) 

introduced a better alternative to fuzzy set theory through the introduction of the 

concept of intuitionistic fuzzy sets which is a generalization of the theory of fuzzy 

sets. As opposed to fuzzy sets which are only characterized by a membership 

function  𝜇(𝑥) ,  intuitionistic fuzzy sets are characterized by a membership 

function  𝜇(𝑥)  and a non-membership function  𝜈(𝑥)  which describes the degree 

of compatibility and incompatibility of the elements in the intuitionistic fuzzy set 

with respect to a certain criteria. This characteristic gives the theory of 

intuitionistic fuzzy sets the capability of modelling various complex situations in 

the real-world such as election processes, decision making processes and the 

fluctuations of stock prices in the stock exchange in a more accurate and realistic 

manner compared to the theory of fuzzy sets. Furthermore, intuitionistic fuzzy 

logic which has also seen rapid development has been proven to have important 

applications in solving various real-world problems in a wide range of industries.  

The concept of IF-THEN rules and implications are the most important 

elements in the study of fuzzy logic. Similarly, the concept of intuitionistic fuzzy 

IF-THEN rules and intuitionistic fuzzy implication are important elements in 

intuitionistic fuzzy logic theory as they are one of the most fundamental elements 

in the representation of human knowledge. The concept of intuitionistic fuzzy IF-

THEN rules enables an imprecise or fuzzy description in natural language(s) to be 

formulated in exact mathematical terms and subsequently forms the notion of 

intuitionistic fuzzy implications. As such, we are able to convert vague 

descriptions in natural languages into precise mathematical terms using a 

membership function, non-membership function and a degree of uncertainty using 

the notion of intuitionistic fuzzy IF-THEN rules and intuitionistic fuzzy 

implications. This is a vital step to incorporate human knowledge acquired in our 

daily lives into precise systems in a systematic manner.                   

In this paper, six types of intuitionistic fuzzy implications will be 

introduced. These implications are constructed using intuitionistic fuzzy IF-THEN 

rules which are statements in which some words are characterized by continuous  
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membership and non-membership functions. It is one of the most useful methods 

to transform human knowledge which are ordinarily recorded in natural languages  

to scientific and mathematically precise statements. A lot of different types of IF-

THEN rules and fuzzy implications are used in various systems and applications 

around the world. Among the most commonly used implications are the Mamdani 

minimum, Mamdani product, Dienes-Rescher, Lukasiewicz, Zadeh and Gödel 

implications (see [3]) all of which are constructed using IF-THEN rules. Local 

implications are more commonly used in real-world systems and applications 

because it uses a more accurate and specific IF-THEN rule. In this paper, the 

fuzzy implications stated above will be extended to intuitionistic fuzzy set theory 

to form intuitionistic fuzzy implications and the similarities and differences of 

these implications will be discussed and analysed.          

 

2. Preliminaries 
 

This section covers the introduction to some of the main concepts that will be 

used in this paper. The concepts of fuzzy sets, intuitionistic fuzzy sets, operations 

in intuitionistic fuzzy set theory as well as the concept of linguistic variables and 

linguistic hedges will be presented.    

 

Definition 2.1  

([1]).  A  fuzzy set  𝐴   in a universe of discourse  𝑈   is characterized by a 

membership function  𝜇𝐴(𝑥)  that takes its values in the interval  [0, 1], where  

𝐴 ⊂ 𝑈  and 

𝜇𝐴 ∶ 𝑥 → [0, 1] 
 

Then  𝑨  is called a fuzzy set in  𝑼.  The closer the value of  𝝁𝑨(𝒙)
  

to 1,  the 

higher the degree of belongingness of element  𝒙  to the set  𝑨. From the definition 

given above, it can be seen that fuzzy sets are a generalization of the notion of 

classical sets, but one which allows the membership function to take on any value 

in the interval [0, 1]. In other words, the membership function of a classical set 

can only take on two values i.e. 0 and 1, whereas the membership function of a 

fuzzy set is a continuous function in the range of [0, 1]. Since fuzzy sets are 

totally characterized by  a membership function, it can be defined as a function 

from  𝑼  to  [0, 1]  (see [1]). The concept of intuitionistic fuzzy sets that were 

introduced by  Atanassov (see [2])  on the other hand, are characterized by a 

membership function and non-membership function. The formal definition of this 

concept is as given below. 

 

Definition 2.2  

([2]).  An intuitionistic fuzzy set A   defined over a universe of discourse  𝑼  is an 

object in the following form: 

𝑨 = { 〈𝒙, 𝝁𝑨(𝒙), 𝝂𝑨(𝒙)〉 ∶ 𝒙  𝝐  𝑼} 
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where the function  𝝁𝑨 ∶ 𝑼 → [𝟎, 𝟏]  and  𝝂𝑨 ∶ 𝑼 → [𝟎, 𝟏]  are the membership 

function and non-membership function of every element  𝒙  𝝐  𝑼   to set  𝑨  and  

𝟎 ≤ 𝝁𝑨(𝒙) + 𝝂𝑨(𝒙) ≤ 𝟏   for every  𝒙  𝝐  𝑼.  In the event that  𝟎 ≤ 𝝁𝑨(𝒙) +
𝝂𝑨(𝒙) < 𝟏,  there is a degree of uncertainty that exists for element  𝒙  with respect 

to set  𝑨. This degree of uncertainty, denoted as  𝝅𝑨(𝒙) is defined as  

 

𝝅𝑨(𝒙) = 𝟏 − 𝝁𝑨(𝒙) − 𝝂𝑨(𝒙). 
 

In general, a high degree of uncertainty implies that there are a lot things that are 

unknown about the element  𝒙  with respect to set 𝑨. 
From now on, let  𝑨  and  𝑩  be intuitionistic fuzzy sets defined over a 

universal set  𝑼  and are as defined below: 

 

𝑨 = { 〈𝒙, 𝝁𝑨(𝒙), 𝝂𝑨(𝒙)〉 ∶ 𝒙  𝝐  𝑼} 

𝑩 = { 〈𝒙, 𝝁𝑩(𝒙), 𝝂𝑩(𝒙)〉 ∶ 𝒙  𝝐  𝑼} 

 

Definition 2.3   

([2]).   The subset and equality of two intuitionistic fuzzy sets  𝑨  and  𝑩 are as 

defined below: 

 

(a) 𝑨 ⊂ 𝑩 ↔   𝝁𝑨(𝒙) ≤ 𝝁𝑩(𝒙)   and   𝝂𝑨(𝒙) ≥ 𝝂𝑩(𝒙)  for all  𝒙 𝝐 𝑼. 
(b) 𝑨 = 𝑩 ↔   𝑨 ⊂ 𝑩  and  𝑩 ⊂ 𝑨. 

 

Definition 2.4  

([2]).  The complement, union and intersection of two intuitionistic fuzzy sets  𝐴  

and  𝐵  are as defined below: 

 

(a) �̅� = {〈𝑥, 𝜈𝐴(𝑥), 𝜇𝐴(𝑥)〉 ∶ 𝑥 𝜖 𝑈} 

(b) 𝐴 ∪ 𝐵 = {〈𝑥, max(𝜇𝐴(𝑥), 𝜇𝐵(𝑥)), min(𝜈𝐴(𝑥), 𝜈𝐵(𝑥))〉 ∶ 𝑥 𝜖 𝑈} 

(c) 𝐴 ∩ 𝐵 = {〈𝑥, min(𝜇𝐴(𝑥), 𝜇𝐵(𝑥)), max(𝜈𝐴(𝑥), 𝜈𝐵(𝑥))〉 ∶ 𝑥 𝜖 𝑈} 

 

Definition 2.5   

([2]).  The support of  set  𝐴   is a classical set that consists of all elements of  𝑈  

with non-zero membership values in  𝐴.  
 

𝐒𝐮𝐩𝐩 𝑨 = { 𝒙 𝝐  𝑼 ∶  𝝁𝑨(𝒙) ≠ 𝟎} 

   

Definition 2.6   

([2]). A null intuitionistic fuzzy set is an intuitionistic fuzzy set with an empty 

support, that is the membership function of every element in the universal set is 

zero although the non-membership function for these elements maybe non-zero.  

The concept of fuzzy variables, linguistic variables and fuzzy linguistic hedges 

was introduced by Zadeh in 1975 (see [4]) as a generalization of the concept of  
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ordinary variables. The concept of linguistic variables serves the purpose of 

providing a means to characterize and/or describe phenomena which are too 

complex or too ill-defined in an approximate manner. This is possible since words 

are generally less precise than numbers and can be used to describe situations 

and/or variables in ways that numerical variables cannot (see [4]).  

 

Definition  2.7  

([4]).  Linguistic variables are variables whose values are words or sentences in a 

natural or artificial language. If these words are described by fuzzy sets that are 

defined over a universal set, then the variables are called fuzzy linguistic variables.   

 

Definition 2.8  

([5]). An intuitionistic fuzzy linguistic variable  𝑿   is characterized by  

(𝑿, 𝑻, 𝑼, 𝑴, 𝑵)  where: 

 

 𝑿  is the name of the intuitionistic fuzzy linguistic variable. 

 𝑻  is the set of the linguistic values that can be taken by  𝑿. 
 𝑼  is the actual physical domain in which the linguistic variable  𝑿  takes it 

crisp values. 

 𝑴  and  𝑵   are semantic rules that relate every linguistic value in  𝑻  with 

a membership function and a non-membership function in an intuitionistic 

fuzzy set in a universal set  𝑼  respectively. 

 

Example 2.9  

([5]).  Let  𝑋  be an intuitionistic fuzzy linguistic variable that describes the speed 

of a car. Then 𝑋  is characterized by  𝑇 = {𝑠𝑙𝑜𝑤, 𝑚𝑒𝑑𝑖𝑢𝑚, 𝑓𝑎𝑠𝑡, 𝑣𝑒𝑟𝑦 𝑓𝑎𝑠𝑡} , 

which is the set of linguistic values that 𝑋 can assume and  𝑋  is defined in the 

universe of discourse  𝑈, which is the set of real non-negative numbers i.e.  𝑈 =
[0, +∞). All the elements in  𝑋  are described by a semantic rule that relates each 

linguistic value in the set  𝑇   with an intuitionistic fuzzy set in  𝑈.   This 

intuitionistic fuzzy set   𝑋   is as defined below:    

𝑋 = {〈𝑠𝑙𝑜𝑤, 0, 1〉, 〈𝑚𝑒𝑑𝑖𝑢𝑚, 0.35, 0.62〉, 〈𝑓𝑎𝑠𝑡, 0.9, 0.1〉, 〈𝑣𝑒𝑟𝑦 𝑓𝑎𝑠𝑡, 0.8, 0.05〉}.                                 
Similar to the concept of linguistic variables, the concept of fuzzy implications 

play an important role in the formulation of human knowledge in a precise 

manner by converting the information obtained in terms of vague words and 

phrases into precise mathematical formulas. The formula and definition of the 

most commonly used implications are presented below.  

 

Definition 2.10 

 ([3]).   The definitions of some commonly used fuzzy implications are given 

below: 

(i) Dienes-Rescher implication: 

  
1 2( , )  max[1 ( ), ( )]

DQ FP FPx y x y     
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(ii) Lukasiewicz implication: 

  
1 2( , ) min[1,  1 ( ) ( )]

LQ FP FPx y x y                    

 (iii) Zadeh implication: 

  
1 2 1( , )  max[min( ( ), ( )),1 ( )]

ZQ FP FP FPx y x y x                     

(iv) Gödel implication: 

  
1 2

2

1 if ( ) ( )
( , )

( ) otherwiseG

FP FP

Q

FP

x y
x y

y

 





 


               

(v) Mamdani implications: 

1 2( , )  min [ ( ), ( )]
MMQ FP FPx y x y                                           

or   
                          

1 2( , )  ( ) ( )
MPQ FP FPx y x y                                                        

 

3. Intuitionistic Fuzzy if-then Rules   
 

IF-THEN rules are an essential component of the theory of fuzzy logic and deals 

with reasoning that is approximate and has a high level of uncertainty rather than 

fixed and exact. These rules are statements that are conventionally used to 

formulate conditional statements that comprise fuzzy logic. These rules are an 

extremely important and useful method to record and subsequently convert human 

knowledge which are generally in natural languages to mathematical or scientific 

statements. In this paper, the conventionally used fuzzy IF-THEN rules are 

extended to intuitiuonistic fuzzy set theory to derive and introduce the concept of 

intuitionistic fuzzy IF-THEN rules. These rules consist of intuitionistic fuzzy sets 

and intuitionistic fuzzy operators which are the subjects and verbs of intuitionistic 

fuzzy logic. The notion of intuitionistic fuzzy IF-THEN rules introduced here has 

been extended to handle the concept of partial truth, where the truth value may lie 

in the range of completely true and completely false. These rules are used together 

with the concept of intuitionistic fuzzy linguistic variables to represent and 

formulate human knowledge in a more systematic manner in the form of 

intuitionistic fuzzy implications. Intuitionistic fuzzy implications on the other 

hand, are used to compute the degree of interaction between two intuitionistic 

fuzzy sets when an intuitionistic fuzzy IF-THEN rule is applied onto these sets. 

Implications can be broadly categorized as global and local implications. Local 

implications are conventionally used in the real-world as it employs a more 

accurate form of IF-THEN rule given by 

𝐈𝐅 〈𝐈𝐅𝐏 𝟏〉  𝐓𝐇𝐄𝐍  〈𝐈𝐅𝐏 𝟐〉  𝐎𝐓𝐇𝐄𝐑𝐖𝐈𝐒𝐄 〈𝐄𝐌𝐏𝐓𝐘〉 
while global implications employ the following IF-THEN rule 

𝐈𝐅 〈𝐈𝐅𝐏 𝟏〉  𝐓𝐇𝐄𝐍 〈𝐈𝐅𝐏 𝟐〉 
where  𝐈𝐅𝐏 𝟏   and  𝐈𝐅𝐏 𝟐   represents intuitionistic fuzzy proposition 1 and 2 

respectively.  
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4. Intuitionistic Fuzzy Implications   
 

In this section, the notion of intuitionistic fuzzy implications are introduced. 

These implications are the result of extending the corresponding fuzzy 

implications and applying them in an intuitionistic fuzzy setting. We present the 

definitions and formula of six of the most commonly used intuitionistic fuzzy 

implications, which are classified as either local or global implications. The fuzzy 

implications introduced here are the intuitionistic fuzzy Dienes-Rescher, 

Lukasiewicz, Zadeh, Gӧdel, Mamdani minimum and Mamdani product 

implications. The first four of these intuitionistic fuzzy implications are global 

implications while both the intuitionistic fuzzy Mamdani implications are 

classified as local implications.  

 

Definition 4.1 

Let the intuitionistic fuzzy IF-THEN rule be interpreted as a relation 
DQ  in the 

physical domain   U V  with membership function and non-membership 

function as given below: 

(( , ), ( , )) ( ( , ), ( , ))D D DQ x x y y Q x y Q x y      

where    
                                     

1 2( , ) max ( ( ),  ( ))Q IFP IFPD
x y x y                                

  

and   

                                   
1 2( , )  min ( ( ), ( ))Q IFP IFPD

x y x y     .      

Then  𝑸𝑫  is called the intuitionistic fuzzy Dienes-Rescher implication. Here the 

intuitionistic fuzzy IF-THEN rule becomes IFP1 IFP2  and the equation 

becomes as follows: 

IFP1 IFP2  

 1 2 1 2(( , ), ( , )),  max( ( ),  ( )),  min  ( ( ),  ( ))IFP IFP IFP IFPx x y y x y x y        

      : (( , ), ( , ))x x y y U V     

 

Definition 4.2   

Let the intuitionistic fuzzy IF-THEN rule be interpreted as a relation, 
LQ  in the 

physical domain   U V with membership function and non-membership function 

as given below: 

(( , ), ( , )) ( ( , ), ( , ))L L LQ x x y y Q x y Q x y      

where   
                                     

1 2( , ) min [1, ( ) ( )]Q IFP IFPL
x y x y                                         

and 



 

2526                                         Ganeshsree Selvachandran and Abdul Razak Salleh 

    

 

                                    
1 2( , ) 1 min [1, (1 ( )) (1 ( ))]Q IFP IFPL

x y x y         .          

 

Then  𝑸𝑳   is called the intuitionistic fuzzy Lukasiewicz implication. Here the 

intuitionistic fuzzy IF-THEN rule becomes  IFP1 IFP2  and the equation is as 

follows: 

IFP1 IFP2  

 1 2(( , ), ( , )),  min [1, ( ) ( )],IFP IFPx x y y x y      

     
1 21 min  [1, (1 ( )) (1 ( ))]IFP IFPx y      : (( , ), ( , ))x x y y U V   

 
 

Definition 4.3   

Let the intuitionistic fuzzy IF-THEN rule be interpreted as a relation, 
ZQ  in the 

physical domain   U V with membership function and non-membership function 

given by: 

                       (( , ), ( , )) ( ( , ), ( , ))Z Z ZQ x x y y Q x y Q x y      

where  
                         

1 2 1( , ) max [min ( ( ), ( )), ( )]Q IFP IFP IFPZ
x y x y x                   

and   
                                   

1 2 1( , ) min [max ( ( ), ( )), ( )]Q IFP IFP IFPZ
x y x y x                   

Then 𝑸𝒁 is called the intuitionistic fuzzy Zadeh implication.  

 

Definition 4.4   

Let the intuitionistic fuzzy IF-THEN rule be interpreted as a relation, 
GQ  in a 

physical domain   U V  with membership function and non-membership 

function as given below: 

(( , ), ( , )) ( ( , ), ( , ))G G GQ x x y y Q x y Q x y      

where  

                              1 2

2

1 if ( ) ( )
( , )

( ) otherwise

IFP IFP

IFP
GQ

x y
x y

y

 





 


                       

and   

                                    1 2

1

0 if ( ) ( )
( , )

( ) otherwise

IFP IFP

IFP
GQ

x y
x y

x

 




 
   


                       

 

Then 𝑸𝑮 is called the intuitionistic fuzzy Gӧdel implication.  

 

Definition 4.5   

Let the intuitionistic fuzzy IF-THEN rule be interpreted as relations in the 

physical domain   U V .  
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(i)  Let the intuitionistic fuzzy IF-THEN rule be interpreted as a relation, 

MMQ  in a physical domain   U V  with membership function and non-

membership function defined as: 

(( , ), ( , )) ( ( , ), ( , ))MM MM MMQ x x y y Q x y Q x y      

where   
                                    

1 2(x, y) min [ ( ), ( )]IFP IFP
MMQ

x y                         

and   

                                  
1 2( , ) max ( ( ), ( ))IFP IFP

MMQ
x y x y      .                                   

Then  𝑸𝑴𝑴  is called the intuitionistic fuzzy Mamdani minimum implication. 

 

(ii) Let the intuitionistic fuzzy IF-THEN rule be interpreted as a relation, 

MPQ  in the physical domain   U V  with membership function and 

non-membership function defined as: 

 

(( , ), ( , )) ( ( , ), ( , ))MP MP MPQ x x y y Q x y Q x y      

where   
                                     

1 2( , ) ( ) ( )IFP IFP
MPQ

x y x y                                                

and   
                                   

1 2( , ) 1 (1 ( ))(1 ( ))IFP IFP
MPQ

x y x y                    

Then  𝑸𝑳  is called the intuitionistic fuzzy Mamdani product implication. Both the 

IF Mamdani minimum and Mamdani product implications use the following IF-

THEN rule:
 

              
IF IFP1 THEN IFP 2 OTHERWISE EMPTY                                   

where EMPTY means the given IF-THEN rule is not satisfied for a particular 

combination of elements x and y. Hence, a membership value of 0 and a non-

membership value of 1 is given to the combination.  
              
5. Analysis 

   
The intuitionistic fuzzy implications introduced here measures the degree of 

compatibility and the degree of incompatibility between the both the elements in 

an ordered pair  (𝑥, 𝑦)  and the respective intuitionistic fuzzy IF-THEN rule. In 

other words, the membership values and non-membership values measure the 

extent to which the combination  (𝑥, 𝑦)  satisfies the given intuitionistic fuzzy IF-

THEN rule. This is due to the different intuitionistic fuzzy IF-THEN rules used by 

the global and local implications. Local implications such as the Mamdani 

minimum and Mamdani product implications uses an intuitionistic fuzzy IF-

THEN rule which is a lot more specific compared to the intuitionistic fuzzy IF-

THEN rule used by global implications. 
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The obvious difference between the two types of intuitionistic fuzzy implications 

introduced here is that the intuitionistic fuzzy local implications have the ability to 

compute or evaluate a situation in which one of the intuitionistic fuzzy sets do not 

satisfy the given intuitionistic fuzzy IF-THEN rule. This occurs when one or both 

of the elements evaluated in a situation does not fulfill or satisfy the given 

intuitionistic fuzzy IF-THEN rule. In situations such as this, local implications 

will assign a membership value of zero to the said combination of elements since 

it does not satisfy the given intuitionistic fuzzy IF-THEN rule. Furthermore, the 

more specific intuitionistic fuzzy IF-THEN rule employed by intuitionistic fuzzy 

local implications ensures that it only assigns a high membership value and low 

non-membership value to a combination if the membership values and non-

membership values of both the elements in the combination are high and low 

respectively and vice-versa. This rule also gives a membership value of 0 and 

non-membership value of 1 to a combination that does not satisfy the given 

intuitionistic fuzzy IF-THEN rule at all, i.e. when either one or both of the 

elements in that combination does not satisfy the given intuitionistic fuzzy IF-

THEN rule.  

However, intuitionistic fuzzy global implications will assign a 

membership value of 1 to the said combination of elements as it does not have the 

capability of evaluating situations such as the ones described above. This is due to 

the fact that intuitionistic fuzzy global implications are built using intuitionistic 

fuzzy IF-THEN rules that do not take into account the situations in which one or 

more of the elements in an intuitionistic fuzzy set do not satisfy the given 

intuitionistic fuzzy IF-THEN rules.   

 

6. Conclusion 

   
The theory of intuitionistic fuzzy sets developed by Atanassov offers a powerful 

mathematical tool for dealing with complex and dynamic systems which involves 

a high level of uncertainty. This paper contributes some additional aspects of 

intuitionistic fuzzy set theory in the form of global and local intuitionistic fuzzy 

implications. The definitions and formula of six of the most commonly used 

implications, namely the intuitionistic fuzzy Dienes-Rescher, Lukasiewicz, Zadeh, 

Gӧdel, Mamdani minimum and Mamdani product implications are introduced in 

this paper. Subsequently, the manner in which the application of these 

intuitionistic fuzzy implications to an intuitionistic fuzzy set affects the behavior 

of the set and more specifically, the manner in which it affects the change in the 

magnitude of the membership function and non-membership function of the 

intuitionistic fuzzy set are briefly analyzed.  

 

Acknowledgements. The authors would like to gratefully acknowledge the 

financial assistance received from the Ministry of Education, Malaysia and UCSI 

University, Malaysia under Grant no. FRGS/1/2014/ST06/UCSI/03/1. 



 

Local and global fuzzy implications                                                                   2529 

 

 

References 
 

[1] L. A. Zadeh, Fuzzy Sets, Information and Control 8 (1965), pp. 338 - 353.   

http://dx.doi.org/10.1016/s0019-9958(65)90241-x  

 

[2] Atanassov, K. T., Intuitionistic Fuzzy Sets, Fuzzy Sets and Systems 20 (1) 

(1986): pp. 87 - 96. http://dx.doi.org/10.1016/s0165-0114(86)80034-3  

 

[3] Wang Li-Xin, A Course in Fuzzy Systems and Control, New Jersey: Prentice-

Hall (1997). 

 

[4] L. A. Zadeh, The Concept of a Linguistic Variable and its Application to 

Approximate Reasoning, Part 1. Information Sciences 8 (1975), pp. 199-249. 

http://dx.doi.org/10.1016/0020-0255(75)90036-5  

 

[5] G. Selvachandran & A. R. Salleh, Intuitionistic Fuzzy Linguistic Hedges 

(2014), Submitted. 

 

 

Received: September 20, 2014; Published: November 19, 2014 
 

http://dx.doi.org/10.1016/s0019-9958%2865%2990241-x
http://dx.doi.org/10.1016/s0165-0114%2886%2980034-3
http://dx.doi.org/10.1016/0020-0255%2875%2990036-5

