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Abstract. Making decision is one of the most fundamental activities of human being. 
Decision making is a study of how decisions are actually made better. Applications of 
fuzzy sets within the field of decision making consisted of fuzzifications of the classical 
theories of decision making. Decisions are made under conditions of uncertainty is the 
prime domain for fuzzy decision making. In this paper, we have applied the notion of 
similarity measure and inclusion measure between Type-2 fuzzy soft sets to verify their 
relationships. This relation is used to obtain a solution of a decision making problem.     
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1. Introduction 
Decision making is broadly defined as include any choice or selection of alternatives and 
is therefore of importance in many fields in both “soft” social sciences and the “hard” 
disciplines of natural sciences. Soft set theory [6], firstly proposed by Molodtsov,  is a 
general mathematical tool for dealing with uncertainty. The advantage of soft set theory 
is that it is free from the inadequacy of the parametrization tools of existing theories. It 
has been demonstrated that soft set theory brings about a rich potential for applications in 
many fields. It was growing rapidly over the years. 
 The concept of type-2 fuzzy set was introduced by Zadeh [8] in 1975. Type-2 
fuzzy sets can improve certain kinds of inference better than do fuzzy sets with increasing 
imprecision, uncertainty, fuzziness in information. However, in the practical applications, 
we are often faced with the situation in which the evaluation of parameters is a fuzzy 
concept. Obviously, it is very difficult for the classical soft set and its existing extensions 
to deal with the evaluation of parameters of the object as a fuzzy concept. Hence, it is 
necessary to extend soft set theory to accommodate the situations in which the evaluation 
of parameters is a fuzzy concept.  

To represent the fuzziness of evaluation of parameters directly, Zhang and 
Shouhua Zhang [9] present the concept of type-2 fuzzy soft sets. The similarity concept 
introduced by Zadeh, is extremely important for it provides the degree of similarity 
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between two fuzzy concepts. In the same way the inclusion measure also provides the 
degree between two fuzzy concepts. Some researchers concentrated the relationship 
among these two measures in fuzzy concepts.  

In this paper, we have applied the relationship between the similarity measure 
and inclusion measure to the type-2 fuzzy soft sets. This paper is organized as follows: In 
section 2, some basic definitions and some operations of Type-2 fuzzy soft sets are 
reviewed. In section 3, the relationship between similarity and inclusion measures of 
Type-2 fuzzy soft set is discussed. In section 4, a numerical example is given. 

 
2. Basic definitions 
Definition 2.1. A soft set (P, E) is a set of all parameterized family of subsets of the non-
empty universe X. For every e E∈ there exists ( )P e such that ( )P : E Xρ→ , where 

( )Xρ is a power set of X. 

 
Definition 2.2. Let  X  be a non-empty finite set, which is referred as the universal set. A 
Type-2 fuzzy setA , is characterized by a type-2 membership function 

( )A x,u : X I Iµ × →  where xϵX, I = [0, 1] and IJu x ⊆∈ that is

( ) ( )( ){ }A xA x,u ; x,u / x X ,u J Iµ= ∈ ∈ ⊆ , where ( )0 1A x,uµ≤ ≤ . 

Acan also be expressed as 
( )

( )
( )

x

A x
x

x X u J x U

x,u p u u
A ,J I

x,u x

µ

∈ ∈ ∈
= = ⊆∫ ∫ ∫ , where 

( ) ( )x Ap u x,uµ= . The class of all Type-2 fuzzy set of the universe X is denoted by

( )2TP X . 

 
Definition 2.3. A type-2 fuzzy soft set (c, A) over the universal set X is a set of all 
parameterized family of subsets of the type-2 fuzzy set A. For every e A,A E∈ ⊆ there 

exists ( )ec such that ( )2c T: A P A→ where ( )2TP X denotes the set of all type-2 

fuzzy set. 

It can be written as ( ) ( )
( )

( )
c

c x

x

x
u J( )

x
x X u J x X

p u u
x,u

,J I
x,u x
εµ

ε ∈

∈ ∈ ∈
= = ⊆

∫

∫ ∫ ∫ . 

Here u, ( )c ( ) x,uεµ  are respectively the primary membership degree and secondary 

membership degree that object x holds on parameterε . 
 
Definition 2.4. The union of two type-2 fuzzy soft sets (c, A) and (d, B) be over the 
same universe X is the type-2 fuzzy soft sets (e, C), where BAC ∪=  and for all 

C∈ε ,  
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It is denoted by ( ) ( ) ( )c d e,A ,B ,C∪ = . 

 
Definition 2.5. The intersection of two type-2 fuzzy soft sets (c, A) and (d, B) be over 
the same universe X is the type–2 fuzzy soft sets (f, C), where BAC ∪=  and for all 

C∈ε ,  

( )
( )
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( ) ( )

c

f d

c d
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ε ε

ε ε
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,

,

, .

if A B

if B A
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ε
ε

∈ −
∈ −
∈ ∩

 

It is denoted by ( ) ( ) ( ), , ,A B C∩ =c d f . 

 
Definition 2.6. The complement of a type-2 fuzzy soft set (c, A) is denoted by (c, A)c, 

and it is defined by  (c, A)c = (cc, ¬A),c is a mapping given by ( )2:c
c

TA P X¬ →

where ( ) ( )c cε ε= ¬∼ for all ɛ ϵ ¬A. 

 
Definition 2.7. If A is a type-2 fuzzy set XA ⊆  in discrete case, the centroid type 
reduction can be defined as follows: 

( ) ( ) ( )

( ) ( )

1 2

1 21 2

1 2

1 1

. ... . ...
n

x x n xn

x x x n
u J u J u J

A n n

j A j A j
j j

p u p u p u

C

x x xµ µ

∈ ∈ ∈

= =

 
 

=
∫ ∫ ∫

∑ ∑
   

where ( )
1

j

x j

n

x j
j u J

A p u u x
= ∈

 
 =
 
 

∑ ∑ . 

 
3. Similarity measure and inclusion measure and their relationship 
3.1. Similarity measure for type-2 fuzzy soft set 
Let ( )1 ,c dM  denotes the similarity measure between the two εj-thapproximations of 

( )c jε and ( )d jε  . Then we define  
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where ( )( )c c
i j ij

x Iε= ∈ and ( )( )d d
i j ij

x Iε= ∈  

 
3.2. Inclusion measure for type – 2 fuzzy soft set 
Let ( )2 ,c dM  denotes the inclusion measure between the two εj-th approximations of 

( )c jε and ( )d jε  . Then we define  

( ) ( )
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where ( )( )c c
i j ij

x Iε= ∈ and ( )( )d d
i j ij

x Iε= ∈  

 
3.3. Relationship between similarity measure and inclusion measure 
The relationship between similarity measure and the inclusion measure is given by,

( ) ( ) ( ){ }1 2 2, min , , ,c d c d d  cM M M=  

 
4. Numerical example 
Suppose that a software company desires to hire a system analysis engineer. After 
preliminary screening, three candidates A1, A2, A3 remain for further evaluation. They 
considered five benefit criteria, are as follows: 

(i) Emotional steadiness (C1) 
(ii)  Oral communication skill (C2) 
(iii)  Personality(C3) 
(iv) Past experience (C4) 
(v) Self-confidence(C5) 
The credits given by the two decision makers against the three candidates are given 

in Type -2 Fuzzy Soft Sets. They are tabulated as follows:  
Among the three candidates, the company has to select one from the list and has to 

keep another one as a alternate person in the waiting list. For this reason the company has 
to neglect the remaining person from the list. To deal with this situation the concept of 
complement of type -2 fuzzy soft set is used. 
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(cccc ,A) A1 A2 A3 

C1 0.3 0.5
0.4 0.5+  0.5

0.6 0.6
0.6 

C2 0.4 0.5
0.5 0.6+  0.4 0.7

0.5 0.6+  0.3 0.5
0.4 0.6+  

C3 0.6
0.5 0.4

0.6 0.5 0.6
0.3 0.5+  

C4 0.8
0.6 0.3 0.8

0.4 0.5+  0.4 0.6
0.4 0.5+  

C5 0.5
0.6 0.1

0.4 0.2
0.7 

Table 4.1: Tabular representation of the type – 2 fuzzy soft set (c ,A) 
 

(ccccc,A) A1 A2 A3 

C1 0.3 0.5
0.6 0.5+  0.5

0.4 0.6
0.4 

C2 0.4 0.5
0.5 0.4+  0.4 0.7

0.5 0.4+  0.3 0.5
0.6 0.4+  

C3 0.6
0.5 0.4

0.4 0.5 0.6
0.7 0.5+  

C4 0.8
0.4 0.3 0.8

0.6 0.5+  0.4 0.6
0.6 0.5+  

C5 0.5
0.4 0.1

0.6 0.2
0.3 

Table 4.2: Tabular representation of the complement of type – 2 fuzzy soft set (cc,A) 
 

(dddd ,A) A1 A2 A3 

C1 0.4 0.5
0.5 0.7+  0.4 0.6

0.5 0.7+  0.6 0.7
0.4 0.5+  

C2 0.4 0.5
0.5 0.7+  0.7

0.7 0.4
0.6 

C3 0.5 0.5
0.5 0.6+  0.4 0.5

0.5 0.6+  0.4 0.7
0.6 0.7+  

C4 0.4 0.6
0.6 0.8+  0.5 0.6

0.5 0.7+  0.5
0.6 
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C5 0.6
0.7 0.7

0.8 0.5 0.6
0.6 0.7+  

Table 4.3: Tabular representation of the type – 2 fuzzy soft set (d ,A) 
 

(d  d  d  d  
c,A) A1 A2 A3 

C1 0.4 0.5
0.5 0.3+  0.4 0.6

0.5 0.3+  0.6 0.7
0.6 0.5+  

C2 0.4 0.5
0.5 0.3+  0.7

0.3 0.4
0.4 

C3 0.5 0.5
0.5 0.4+  0.4 0.5

0.5 0.4+  0.4 0.7
0.4 0.3+  

C4 0.4 0.6
0.4 0.2+  0.5 0.6

0.5 0.3+  0.5
0.4 

C5 0.6
0.3 0.7

0.2 0.5 0.6
0.4 0.3+  

Table 4.4: Tabular representation of the complement of type–2 fuzzy soft set (dc,A) 
 
 Using the above mentioned definitions we can find the similarity measure and 
inclusion measure between type -2 fuzzy soft sets. The calculated measure values are 
tabulated as below. 
 

 
Table 4.5: Calculated values of similarity measure and inclusion measure 

 
From the table we observe that  

1. The measure values of Type-2 fuzzy soft set and its complement are same when 
its membership values of the parameters are having median value. 

2. { }1min ( , ) ( , )c d c d
c c

jM M≠ and 

{ }2 2min ( , ) ( , )c d c d
c c

jM M≠  
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3. The following relationship between similarity measure and the inclusion measure 
is verified from the table 4.5 

( ) ( ){ } ( )2 2 1min , , , ,c d d  c c dM M M=  

( ) ( ){ } ( )2 2 1min , , , ,c d d  c c d
c c c c c cM M M=   

The parameter A1is having maximum value. So that the candidate A1 is selected 
from the decision list. The parameter A3 is having maximum value in the case of 
complement of type-2 fuzzy soft set. So that the candidate A3 is neglected from the 
decision list. 
 
4. Conclusion 
In this paper, we have proved the relationship between similarity measure and inclusion 
measure on type -2 fuzzy soft sets. A numerical example is solved to illustrate this 
relationship to obtain a solution of a decision making problem. 

REFERENCES 

1. M.I.Ali, F.Feng, X.Liu, W.K.Min and M.Shabir, On some new operations in soft set 
theory, Computers & Mathematics with Applications, 57(9) (2009)1547–1553. 

2. C.-M.Hwang, M.-S.Yang, W.-L.Hung and E.S.Lee, Similarity, inclusion and entropy 
measures between type-2 fuzzy sets based on the Sugeno integral, Mathematical and 
Computers Modelling, 53(9-10) (2011) 1788 - 1797. 

3. D.K.Sut, An application of similarity of fuzzy soft sets in decision making problems, 
International Journal of Computers Technology and Applications, 3(2) (2013) 742-
745. 

4. N.N.Karnik and J.M.Mendel, Operations on type-2 fuzzy sets, Fuzzy Sets and 
Systems, 122(2) (2001) 327–348. 

5. P.K.Maji, R.Biswas and A.R.Roy, Fuzzy soft sets, Journal of Fuzzy Mathematics, 
9(3) (2001) 589–602. 

6. D.Molodtsov, Soft set theory-first results, Computers & Mathematics with 
Applications, 37(4-5) (1999) 19–31. 

7. L.A.Zadeh, Fuzzy sets, Information and Control, 8 (1965) 338–353.  
8. L.A.Zadeh, The concept of a linguistic variable and its application to approximate 

reasoning- I, Information Sciences, 8 (1975) 199–249. 
9. Z.Zhang and S.Zhang, Type-2 fuzzy soft sets and their applications in decision 

making, Journal of Applied Mathematics, 10 (2012) 1-36. 


