
International Journal of Mathematical Archive-6(1), 2015, 51-55 
 Available online through www.ijma.info ISSN 2229 – 5046 

International Journal of Mathematical Archive- 6(1), Jan. – 2015                                                                                                    51 

 
AN ACCURACY FUNCTION FOR INTERVAL-VALUED INTUITIONISTIC FUZZY NUMBERS

 
Bhagawati Prasad Joshi*1 and Pushpendra Singh Kharayat2 

 

1Department of Applied Sciences, 
Seemant Institute of Technology, Pithoragarh- 262 501, India. 

 

2Deptment of Electrical Engineering, 
 Seemant Institute of Technology, Pithoragarh- 262 501, India. 

 
(Received On: 07-10-14; Revised & Accepted On: 31-01-15) 

 
 

ABSTRACT 
The theory of fuzzy sets (FSs) finds more and more attention for researchers since its appearance, so many 
generalizations are available in literature for various objectives. Atanassov [12] and Atanassov and Gargov [10] 
introduced the notions of intuitionistic fuzzy sets (IFSs) and interval-valued intuitionistic fuzzy sets (IVIFSs) 
respectively and are more suitable tools for dealing with imprecise information than FSs. IFSs and IVIFSs are very 
powerful tools in modeling real life problems such as: in decision-making, data analysis, artificial intelligence etc. 
However, the comparability of interval-valued intuitionistic fuzzy numbers (IVIFNs) is an important part for the 
interval-valued intuitionistic fuzzy decision-making problems. In this direction, Xu [25], Xu and Chen [21], Ye [9] and 
Nayagam, et al. [19] made efforts and proposed different accuracy functions for ranking of IVIFNs. In this study, a 
new novel accuracy function is introduced and studied for IVIFNs. The effectiveness and validity of the developed 
approach over existing methods are illustrated by numerical examples. Hence, the proposed approach would provide a 
powerful way to the decision-makers to make decisions under IVIFNs. 
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I. INTRODUCTION 

 
After introducing the concept of fuzzy set (FSs) in [14], Atanassov [11], [12] introduced the notion of intuitionistic fuzzy 
sets (IFSs) by incorporating a hesitancy degree in FSs and is more powerful tool to deal with uncertainty and vagueness 
in real applications than FSs and received more and more attention since its appearance. [20] gave the concept of vague 
set but [7] proved that the notion of vague set is same as that of IFSs. [1] and [16] studied the notion of interval-valued 
fuzzy sets (IVFSs) and generalized by [10] by introducing the notion interval-valued intuitionistic fuzzy sets (IVIFSs), 
which is characterized by a membership degree range and a non-membership degree range. [13] defined some operators 
over IVIFSs. [3], [15], [8], [23], [24] and [2] developed some methods for multi-criteria fuzzy decision-making methods 
based on IFSs. The pioneering work [10] has been successfully applied by [25], [21], [22], [9] and [5] for multi-criteria 
fuzzy decision-making methods under IVIFSs. 
 
In multi-criteria fuzzy decision-making problems under IVIFSs, the notion of ranking of interval-valued intuitionistic 
fuzzy numbers (IVIFNs) plays a vital role in real life applications. [25] and [21] proposed score function and accuracy 
function to rank IVIFNs. [9] and [19] also proposed a novel accuracy function to rank IVIFNs. One of main reason of the 
present study is that in some situations the existing techniques for ranking IVIFNs using a score function or an accuracy 
function do not give sufficient information about alternatives. 
 
To do this, a new novel accuracy function is introduced to overcome this situation. The remaining part of this paper is as: 
in Section 2, we briefly studied the definitions of IFS, IVIFS and existing accuracy functions for IVIFNs. In Section 3, 
illustrative examples are given to show the inapplicability of the existing functions. Hence, a new novel accuracy 
function by taking into account the unknown degree (hesitancy degree) of IVIFNs is introduced in section 4. Section 5 
deals with the applicability of the proposed approach over existing methods to show that the proposed function is more 
reasonable and effective to decision makers than the methods developed by [25], [9] and [19]. Finally the silent features 
are presented under the heading conclusion. 
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II. PRELIMINARIES 
 
In this section, some definitions related to the present study are studied, summarized and presented.   
 
A. IFS [11] 
 
Let X be a non empty set called a universe of discourse. An IFS A in X is of the form { }, ( ), ( ) :A AA x t x f x x X= ∈ , 

where the functions [ ]1,0: →Xt A  and [ ]1,0: →Xf A  define the “degree of membership” and the “degree of non-

membership” of the element Xx∈ respectively, and for every element x of X, 1)()(0 ≤+≤ xfxt AA . The degree of 

non-determinacy (uncertainty) for each element x of X in the IFS A, is defined by )()(1)( xfxtx AAA −−=π , 

where [ ]1,0)( ∈xAπ . 
 
B. IVIFS [10] 
 
Let D[0,1] be the set of all closed subintervals of the interval [0,1] and X be ordinary finite non-empty sets. An IVIFS in 
X is of the form { }XxxfxtxA AA ∈= :)(),(, , where [ ]1,0: DXt A → , and [ ]1,0: →Xf A , with the 

condition 1)(sup)(sup0 ≤+≤ xfxt AxAx . 
 
The intervals )(xt A  and )(xf A denote, the degree of belongingness and the degree of non-belongingness respectively of 

the element x to the set A. Thus for every ,Xx∈ )(xt A  and )(xf A are closed intervals and their lower and upper end 

points are, respectively, denoted by ),(xt AL  )(xt AU  and ),(xf AL  )(xf AU . Hence, we can write an interval-valued 

intuitionistic fuzzy set by [ ] [ ]{ },:)(),(,)(),(, XxxfxfxtxtxA AUALAUAL ∈=  where 1)()(0 ≤+≤ xfxt AUAU , 

0)( ≥xt AL , .0)( ≥xf AL  
 
For the simplicity and our convenience, we shall denote the set of all IVIFSs in X by IVIFS(X) and an IVIFN 
by [ ] [ ]( )dcbaA ,,,= , where [ ] [ ],1,0, ⊂ba  [ ] [ ]1,0, ⊂dc  and 10 ≤+≤ db . Let ).(IVIFS, XBA ∈  A is subset 

of B, iff )()(),()( xtxtxtxt BUAUBLAL ≤≤ and ),()( xfxf BLAL ≥ ,),()( Xxxfxf BUAU ∈∀≥ denoted by BA⊆ . 

Equality of A and B holds and defined by BABA ⊆⇔=  and AB ⊆  i.e. )()(),()( xtxtxtxt BUAUBLAL ==  

and Xxxfxfxfxf BUAUBLAL ∈∀== ),()(),()( . 
 
C. Existing Accuracy Functions 
 
Let [ ] [ ]( )dcbaA ,,,=  be an IVIFN. Then  
1) The accuracy function H of an IVIFN developed in [25], based on the unknown degree can be represented as 

2
)( dcbaAH +++
= .                                                                              (1) 

2) The novel accuracy function M of an IVIFN developed in [9], based on the unknown degree is given by the 
following formula 

2
1

2
)1()1()( dcbadbbcaaAM +

+−+=
−−−+−−−

=                                                             (2) 

3) The novel accuracy function L of an IVIFN introduced in [19], based on the unknown degree is defined by 

2
)1()1()( acbdbaAL −−−−+

= .                                                        (3) 

 
III. MOTIVATION TO THE DEVELOPMENT OF NEW NOVEL ACCURACY FUNCTION 
 
This section deals with the inapplicability of the existing accuracy functions for IVIFNs. The invalidity of the existing 
accuracy functions are illustrated with examples.  
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Example 3.1: Comparability of two different IVIFNs [ ] [ ]( )5.0,3.0,4.0,2.01 =A  and [ ] [ ]( )4.0,2.0,5.0,3.02 =A . 
 
By using eq. (1), we can obtain 7.0)( 1 =AH  and 7.0)( 2 =AH . Here, we do not know which alternative is best and 

no conclusion can be drawn about the alternatives. If we apply eq. (2) to Example 3.1, we get 0.0)( 1 =AM  and 

1.0)( 2 =AM , which shows that alternative A2 is better than alternative A1. It can be verified that 21 AA ⊂ using the 
order relation. So, the accuracy function proposed in [9] is more efficient than that of [25]. 
 
Example 3.2: If corresponding to two different IVIFNs [ ] [ ]( )4.0,3.0,3.0,2.01 =A  and [ ] [ ]( )6.0,1.0,4.0,1.02 =A . 
 
By applying eq. (1) and eq. (2), we obtain 6.0)( 1 =AH , 6.0)( 2 =AH  and 15.0)( 1 −=AM , 15.0)( 2 −=AM  
respectively. In this case, both definitions fail and we can not select the best alternative. 
 
Example 3.3: For different IVIFNs [ ] [ ]( )6.0,5.0,3.0,2.01 =A  and [ ] [ ]( )4.0,2.0,4.0,3.02 =A . 
 
By using eq. (1) and eq. (2), we can find 8.0)( 1 =AH , 65.0)( 2 =AH  and 05.0)( 1 =AM , 0.0)( 2 =AM  
respectively. Both definitions give the result that the alternative A1 is better than alternative A2. But using the order 
relation, it is clear that 21 AA ⊂ . Hence both definitions give absurd conclusion. 
 
Example 3.4: For two different IVIFNs [ ] [ ]( )45.0,15.0,35.0,25.01 =A  and [ ] [ ]( )55.0,05.0,33.0,27.02 =A . 
 
By using eq. (1) and eq. (2), we have 6.0)( 1 =AH , 6.0)( 2 =AH  and 1.0)( 1 −=AM , 1.0)( 2 −=AM  

respectively. By taking eq. (3), we get 0975.0)( 1 =AL  and 0975.0)( 2 =AL . In this case eq. (1), eq. (2) and eq. (3) 
seems to be inapplicable to compare the IVIFNs.  
 
In such situations, the accuracy functions proposed in [25], [9] and [19] did not tell us about the superiority of an IVIFN 
over others and leads to give difficult even absurd decision for decision makers. Therefore it is necessary to account this 
issue and needs to develop another function which is helpful for decision maker for taking decisions under IVIFNs.  
 
IV. A NEW NOVEL ACCURACY FUNCTION FOR AN IVIFN 
 
In this section, we defined a new novel accuracy function and proposed. Further, some properties of the developed 
approach are studied and illustrated with example. 
 
Let [ ] [ ]( )dcbaA ,,,=  be an IVIFN, a new approach to the accuracy function P of an IVIFN, based on the unknown 
degree is proposed and defined by 

3
)( cdabbaAP −++
= .                                                                                             (4) 

 
Let [ ] [ ]( )1111 ,,, dcbaA =  and [ ] [ ]( )2222 ,,, dcbaB = be two IVIFNs. Using eq. (4), it is easy to prove that the 
accuracy function P has some properties as follows: 

1) 111111iff0)( dcbabaAP =++=  

2) 111111 3iff1)( dcbabaAP +=++= . 
 
Theorem 4.1: Let )(IVIFS, XBA ∈  and for the comparable of A and B, if BA ≤  then )()( BPAP ≤ . 
 
Proof: Let [ ] [ ]( )1111 ,,, dcbaA =  and [ ] [ ]( )2222 ,,, dcbaB =  be two IVIFNs such that BA⊆ . Using eq. (4), we 
have 

3
)( 111111 dcbabaAP −++
=    and 

3
)( 222222 dcbabaBP −++
= . 
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Now,  
[ ] 221111221212 )()()()(3 dcdcbababbaaAPBP −+−+−+−=− .  

 
Given BA ⊆  212121 ,, ccbbaa ≥≤≤⇒ , so 2211 baba ≤  and 2211 dcdc ≥ . Hence, [ ] 0)()(3 ≥− APBP  

)()( BPAP ≤⇒ . 
 
Example 4.1: Let [ ] [ ]( )3.0,2.0,4.0,2.01 =A  and [ ] [ ]( )2.0,1.0,5.0,3.02 =A  be IVIFNs for two different 

alternatives. Clearly 21 AA ⊂  and eq. (4), we have )()(31.0)(,206667.0)( 2121 APAPAPAP <⇒==  
. 
V. APPLICABILITY OF THE PROPOSED APPROACH OVER THE EXISTING METHODS 

 
In this section, the proposed new novel accuracy function is used to the examples of Section 3, where the existing 
methods fail to compare two IVIFNs. 
 
By using proposed new novel accuracy function given in eq. (4) to Example 3.1, we find 1( ) 0.176667P A =  and 

2( ) 0.29P A = , which indicates that alternative A2 is better than A1. The proposed accuracy function is applicable 
where eq. (1) is not. 
 
By using eq. (4) to Example 3.2, we find 1( ) 0.146667P A =  and 2( ) 0.16P A = , which indicates that alternative A2 
is better than A1. The proposed accuracy function is applicable where eq. (1) and eq. (2) are not. 
 
Using eq. (4) to Example 3.3, we find 1( ) 0.086667P A =  and 2( ) 0.246667P A = , which indicates that alternative 

A2 is better than A1. As 1 2A A⊆ , hence the proposed approach leads us accurate decision but eq. (1) and eq. (2) give 
absurd decision. 
 
Using eq. (4) to Example 3.4, we find 1( ) 0.206667P A =  and 2( ) 0.220533P A = , which indicates that alternative 
A2 is better than A1. The proposed accuracy function is applicable where eq. (1), eq. (2) and eq. (3) are not telling us 
about the superiority of an IVIFN. 
 
Hence it is clear from the above section the proposed accuracy function compares all IVIFNs correctly. It may be useful 
to decision makers to compare all IVIFNs correctly which are not covered so far. 
 
VI. CONCLUSION 
 
In this paper, a new novel accuracy function is introduced and studied for IVIFNs. This work is come into existence due 
the large applicability of IVIFNs in decision making, data analysis, artificial intelligence and so many. But the 
comparability of IVIFNs is always an important task for every decision maker to deal with real life problems under 
intuitionistic fuzzy environment. So, the present study comes into picture due to the inapplicability and illogicality of the 
existing methods. Hence, a new novel accuracy function is introduced to compares IVIFNs and it compares all 
comparable IVIFNs correctly; this shows the superiority and wide applicability of the developed approach to decision 
making process over others. 
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