
 

Advances and Applications in Mathematical Sciences 
Volume 20, Issue 5, March 2021, Pages 875-885 
© 2021 Mili Publications 

 

2010 Mathematics Subject Classification: 03F55, 94D05, 76M55 

Keywords: trapezoidal fuzzy number, intuitionistic trapezoidal fuzzy number, Centroids based 

on horizontal and vertical axis, value index, ambiguity index, similarity measure. 

Received January 21, 2020; Accepted May 20, 2020 

SIMILARITY MEASURES OF INTUITIONISTIC 

TRAPEZOIDAL FUZZY NUMBER USING CENTROIDS OF 

HORIZONTAL AND VERTICAL AXES AND VALUE AND 

AMBIGUITY INDICES 

D. STEPHEN DINAGAR1 and E. FANY HELENA2 

1Associate Professor, Research Scholar2 

PG and Research Department of Mathematics 

T.B.M.L. College (Affiliated to Bharathidasan  

University) Porayar, Tamil Nadu, India 

E-mail: dsdina@rediffmail.com  

fanyhelena3@gmail.com  

Abstract 

The aim of this paper is to develop methods for calculating similarity measures of 

intuitionistic trapezoidal fuzzy number in fuzzy environment. The Centroids based on horizontal 

axis and vertical axes of an intuitionistic trapezoidal fuzzy numbers are discussed and the value 

and ambiguity of the membership and the non-membership of Intuitionistic Trapezoidal Fuzzy 

Numbers (TrIFNs) are defined. Two distinct procedure have been proposed by using the above 

discussed notions to find the similarity measures for Intuitionistic Trapezoidal Fuzzy Numbers 

(TrIFNs). Finally numerical examples are also illustrated for both similarity measures. 

1. Introduction 

A Similarity Measure is a function which computes the degree of 

Similarity between a pair of text objects. Since Atanassov [1] proposal 

intuitionistic fuzzy Sets (IFSs) many different Similarity measures between 

IFSs have been proposed in literature. Based on a characteristic value of an 

intuitionistic fuzzy number Chiao [2] proposed a characteristic value for fuzzy 

number. Li and Cheng [4] discussed some similarity measure on IFSs and 

then proposal a suitable similarity measure between IFSs, which is the first 

one to be applied to pattern recognition problems. Hung and Yang [3] 
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proposed another method to calculate the distance between IFSs based on the 

Hausdroff distance. Nehi and Maleki [6] introduced intuitionistic trapezoidal 

fuzzy numbers and some operators for them based on the intuitionistic fuzzy 

numbers defined by Grzegrorzewski. In [7] Shapu Ren introduced the 

similarity measures based on characteristics value of an intuitionistic 

trapezoidal fuzzy number. Stephen Dinagar and Fany Helena [8, 9] proposed 

a similarity measures for generalized trapezoidal intuitionistic fuzzy number 

based on valued ambiguity and also similarity measures for generalized 

trapezoidal intuitionistic fuzzy number using centroid ranking are 

introduced. Based on the above references we proposed similarity measures 

for intuitionistic trapezoidal fuzzy numbers using centroids of horizontal and 

vertical axis and another similarity is using value and ambiguity index of 

intuitionistic trapezoidal fuzzy numbers. 

This paper is organized as follows: Section 2 gives the basic definitions of 

intuitionistic fuzzy number, Intuitionistic trapezoidal fuzzy number and their 

crisp -,  cuts. In Section 3 we discussed about the centroids of horizontal 

and vertical axis of intuitionistic trapezoidal fuzzy number. In section 4 we 

proposed a method to calculate the similarity Measure for intuitionistic 

trapezoidal fuzzy numbers using centroids of horizontal and vertical axis and 

also numerical examples are illustrated. In section 5 we discussed about the 

value and ambiguity index of intuitionistic trapezoidal fuzzy number. In 

section 6 we proposed a new similarity measure using value and ambiguity of 

intuitionistic trapezoidal fuzzy number also numerical example are illustrated 

for the proposed method. Finally the conclusion is given in section 7. 

2. Preliminaries 

Definition 2.1. Let  xx   is a collection of objects denoted generally by 

x. Then an intuitionistic fuzzy set iA
~

 in x is a set     ;,,
~

~~ xvxxA ii AA

i   

Xx   where  xiA
~  is termed as the grade of membership of x in A and 

where  xv iA
~  termed as the grade of non membership of x in A. 

    MXxvx ii AA
 :, ~~  is a function from X to a space M which are called 

membership space. When M contains only two points, 0 and 1. Here 

    .,10 ~~ Xxxvx ii AA
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Definition 2.2. An intuitionistic fuzzy numbers (IFN) iA
~

 has the 

following properties:  

1. iA
~

 is convex for membership function iA
~   

i.e.,         .,min1 2~1~21~ xxxxv iii AAA
   

2. iA
~

  is concave for non membership function iA
v ~  

i.e.,         .,max1 2~1~21~ xvxvxxv iii AAA
  

3. A
~

 is normal. 

Definition 2.3. A TrIFN    43214321 ,,,,,,,
~

bbbbaaaaAi   is a 

special IF set on the real number ser R, whose membership function and 

nonmembership function are defined as follows: 
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respectively, where 332211 ,, baabab   and .44 ba   

Definition 2.4. An  -,  cut set of ia~  is a crisp subset R, which is 

defined as follows: 

     ,,~
~~,  xvxxa ii aa

i  

where ,10,10   and .10   

Definition 2.5. A -cut set of ia~  is a crisp subset R, which is defined as 

follows:  

   .|~
~,  xxa ia

i  

Using       xvxxa ii aa

i
~~, ,~  and the above definition, it follows 

that     ,~,~~ iii aRaLa 
   which can be calculated as follows: 

         .,, 344121~~ aaaaaaRL ii aa
  

Definition 2.6. A -cut set of ia~  is a crisp subset R, which is defined as 

follows: 

   .|~
~  xvxa ia

i  

Using     xxa ia

i
~|~  and the above definition, it follows that ia

~  is 

closed interval, denoted by     ,~,~~ iii aRaLa 
   which can be calculated as 

follows: 

         .,, 343122~~ bbbbbbRL ii aa
  

3. Centroids based on Horizontal and Vertical Axis [4] 

Here we consider centroid technique of trapezoidal intuitionistic fuzzy 
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numbers TrIFN. This technique uses geometric centre of these fuzzy numbers 

with centroid values. The centre corresponds to the values  i
TrAx

~~  on the 

horizontal axis and the values  i
TrAy

~~  on the vertical axis. The centroid 

points of TrIFN is     .~,~
TrTr AyAx  

  ,
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4. Proposed Method of Similarity Measure Using Centroids of 

horizontal and Vertical Axis of Trapezoidal Intuitionistic Fuzzy 

Number 

The similarity Measures of two trapezoidal intuitionistic fuzzy can be 

calculated by the below proposed formula based on the centroids of horizontal 

and vertical axis is,  
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Where        i
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Tr ByBxAyAx

~~,
~~,

~~,
~~  are the centre corresponds to the 

values on the horizontal and vertical axis of the two TRIFNs. It can be 

calculated as 
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4.1. Illustrations 

Example 1. The two TrIFNs are  78.0,74.0,49.0,4.0
~

iA  

 98.0,9.0,42.0,4.0  and    .94.0,88.0,57.0,56.089.0,86.0,58.0,56.0
~

iB  

The similarity measures for the above intuitionistic trapezoidal fuzzy 

numbers is given by 

 

         







































4
221

~
,

~

4

1

~~

4

1

~~

i
BB

i
AA

ii

xvxxvx

BAS

iiii

   

  
         

         
.7292.0~~,

~~max
~~,

~~max

~~,
~~min

~~,
~~min


















i
Tr

i
Tr

i
Tr

i
Tr

i
Tr

i
Tr

i
Tr

i
Tr

ByAyBxAx

ByAyBxAx
 



SIMILARITY MEASURES OF INTUITIONISTIC TRAPEZOIDAL  

Advances and Applications in Mathematical Sciences, Volume 20, Issue 5, March 2021 

881 

Example 2. The two TrIFNs are  9.0,79.0,78.0,64.0
~

iA  

 98.0,79.0,68.0,56.0  and    .8.0,6.0,5.0,23.073.0,59.0,58.0,34.0
~

iB  

The similarity measures for the above intuitionistic trapezoidal fuzzy 

numbers is given by  
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5. Value and Ambiguity of Trapezoidal Intuitionistic Trapezoidal 

Fuzzy Number [9] 

Definition 5.1. Let ia
~  and ia

~  be any -cut and -cut set of an TrFN 

,~ia  respectively. The value of the membership function  xia~
  and 

nonmembership function  xv ia~
 for the TrIFN ia~  is defined as follows: 

       

1

0
~~ ,dfRLV ii aa

 

       
1

0
~~ ,dgRLV ii aav  

respectively. 

Where     .1;  gf  The value of the membership function of a 

TrIFN ia~  is calculated as follows: 

         

1

0
4321~~ .22

6

1
aaaadfRLV ii aa
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In a similar way, the value of the non membership function of a TrIFN ia~  is 

calculated as follows: 

         

1

0
4321~~ .22

6

1
bbbbdgRLV ii aa

 

Definition 5.2. Let ia
~  and ia

~  be any -cut and -cut set of an TrIFN 

,~ia  respectively. The ambiguity of the membership function  xia~
  and 

nonmembership function  xv ia~
 for the TrIFN ia~  is defined as follows: 

       

1

0
~~ ,dfLRA ii aa

 

       
1

0
~~ ,dgLRA ii aav  

respectively. 

Where     .1;  gf  The ambiguity of the membership function 

of a TrIFN ia~  is calculated as follows: 

         

1

0
4321~~ .22

6

1
aaaadfLRA ii aa

 

Likewise, the ambiguity of the non membership function of a TrIFN ia~  is 

calculated as follows: 

         
1

0
4321~~ .22

6

1
bbbbdgLRA ii aav  

6. New Similarity Measure Using Value and Ambiguity of 

Intuitionistic Trapezoidal Fuzzy Number 

Let   43214321 ,,,,,,
~

bbbbaaaaAi
TrIFN   and  4321 ,,,

~
ccccBi

TrIFN   

 4321 ,,, dddd  are two trapezoidal intuitionistic fuzzy numbers. The 

similarity measures using values and ambiguities of TrIFN has been 

proposed that is 
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Calculating the values of    i
v

i AVAV
~

,
~

  using (i.e.) 

    .
6

22~
;

6

22~ 43214321 abbb
AV

aaaa
AV i

v
i 




  

Similarly for    i
v

i BVBV
~

,
~

  using (i.e.)   ;
6

22~ 4321 cccc
BV i 

  

  .
6

22~ 4321 dddd
BV i

v


  

And for calculating the ambiguities    i
v

i AAAA
~

,
~

  using (i.e.) 

    .
6

22~
;

6

22~ 43214321 abbb
AA

aaaa
AA i

v
i 




  

Similarly for    i
v

i BABA
~

,
~

  using (i.e.)   ;
6

22~ 4321 cccc
BA i 

  

  .
6

22~ 4321 dddd
BA i

v


  

6.1. Illustrations 

Example 1. Consider    9.0,8.0,68.0,4.084.0,8.0,75.0,6.0
~

iA  and 
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   .84.0,8.0,63.0,47.08.0,74.0,69.0,53.0
~

iB  The similarity measure 

for the above trapezoidal intuitionistic fuzzy numbers is given by 
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Example 2. Consider    95.0,9.0,82.,7.09.0,89.0,84.0,8.0
~

iA  and 

   .94.0,89.0,78.0,7.089.0,84.0,8.0,76.0
~

iB  The similarity measure 

for the above trapezoidal intuitionistic fuzzy numbers is given by  
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7. Conclusion 

In this paper, we defined the centroids based on horizontal and vertical 

axis value. Using these two values we proposed similarity measure for 

TrIFNs. Furthermore we defined value and ambiguity which are used to 

define the value index and ambiguity index of the TrIFNs then we calculated 

another new similarity measure using the value and ambiguity index.  
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