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ABSTRACT 
This paper presents rough Dice and Jaccard similarity measures between rough neutrosophic sets. Pramanik and 

Mondal proposed cosine similarity measure and applied for medical diagnosis. In the present paper, we propose some 

basic operational relations and weighted rough Dice and Jaccard similarity measures and investigate some of their 

properties. Decision making under rough neutrosophic environment is more flexible and easy to deal with 

indeterminate and inconsistent information.  Finally, the Dice and Jaccard similarity measures are applied to a medical 

diagnosis problem with rough neutrosophic information. 

 

INTRODUCTION  
Zadeh [1] introduced the degree of membership in 1965 and defined the fuzzy set in order to deal with uncertainty. 

Atanassov [2] introduced the degree of non-membership in 1986 and defined the intuitionistic fuzzy set. Smarandache 

[3, 4, 5, 6] introduced the degree of indeterminacy as independent component and defined the neutrosophic set. To 

use the concept of neutrosophic set in practical fields such as real scientific and engineering applications,  Wang et 

al.[7]  restricted the concept of neutrosophic set to single valued neutrosophic set since  single value is an instance of 

set value. 

 

Similarity  measures  play  an  important role in the analysis and research of medical diagnosis, pattern recognition,  

decision  making,  and clustering  analysis  in  uncertain, indeterminate and inconsistent environment.  Various 

similarity measures of SVNSs have been proposed and mainly applied them to decision making, pattern recognition, 

and clustering analysis. While the concept of neutrosophic sets is a powerful tool to deal with indeterminate and 

inconsistent data, the theory of rough neutrosophic sets [8, 9] is also a powerful mathematical tool to deal with 

incompleteness.  

 

Majumdar and Samanta [10] introduced the similarity measures of SVNSs based on distances, a matching function, 

membership grades, and then proposed an entropy measure for a SVNS.  Ye [11] proposed three vector similarity 

measures for simplified neutrosophic sets. Ye [12] proposed Dice similarity measure for single valued neutrosophic 
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multisets. Ye [13] proposed improved cosine similarity measure for single valued neutrosophic sets based on cosine 

function. Ye [14] proposed the similarity measures of SVNSs for multiple attribute group decision making method 

with completely unknown weights. Ye and Zhang [15] further proposed the similarity measures of SVNSs for decision 

making problems. Ye [16] proposed distance based similarity measures of SVNSs and applied it to clustering analysis. 

Biswas et al. [17] studied cosine similarity measure based multi-attribute decision-making with trapezoidal fuzzy 

neutrosophic numbers. Pramanik and Mondal [18] proposed rough cosine similarity measure in rough neutrosophic 

environment. Mondal and Pramanik [19] proposed refined cotangent similarity measure in single valued neutrosophic 

environment. Mondal and Pramanik [20] further proposed cotangent similarity measure under rough neutrosophic 

environments. In this paper we propose some similarity measures namely Dice and Jaccard similarity measures in 

rough neutrosophic environment. 

 

Rest of the paper is structured as follows: Section 2 presents neutrosophic and rough neutrosophic preliminaries. 

Section 3 is devoted to introduce rough Dice and Jaccard similarity measure for rough neutrosophic sets and studied 

some of its properties. Section 4 presents decision making based on rough Dice and Jaccard similarity measure. Section 

5 presents the application of rough Dice and Jaccard similarity measures in medical diagnosis. Section 6 presents the 

concluding remarks and future scope of research.  

 

NEUTROSOPHIC PRELIMINARIES  
Definitions of neutrosophic Set [3, 4, 5, 6] 

Smarandache [3] originally introduced the concept of a neutrosophic set from philosophical point of view.  A 

neutrosophic set A in a universal set X is characterized by a truth membership function TA(x), an indeterminacy 

membership function IA(x), and a falsity-membership function  FA(x).  The functions TA(x), IA(x), FA(x) in X are real 

standard or nonstandard subsets of ]−0, 1+[. These functions satisfy the following two conditions. 

1. TA(x): X ]−0, 1+[, IA(x): X  ]−0, 1+[, and FA(x): X  ]−0,1+[.  

2.  −0 ≤ sup TA(x) + sup IA(x) + sup FA(x) ≤ 3+.  

 

However, the neutrosophic set is difficult to apply in practical applications.  To deal with practical applications, Wang 

et al. [7] introduced single valued neutrosophic set (SVNS) as a subclass of the neutrosophic set.   

 

Definitions related to single valued neutrosophic Set [7] 

Definition1 [7]: Let X be a universal set.  A SVNS A in  X is characterized by  a  truth-membership function  TA(x),  

an indeterminacy-membership  function  IA(x), and  a  falsity membership  function  FA(x).  Then, a SVNS A can be 

denoted as    XxxFxIxTxA AAA  :)(),(),( . The sum of TA(x), IA(x), and FA(x) satisfies the condition

XxxIxFxT AAA ∈∀,3)(sup)(sup)(sup≤0   

 

Definition 2[7]: Complement:    XxxTxIxFxA AAA
c  :)(),(1),(
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Definition 3[7]:  Inclusion: A B,  iff 
TA(x)   TA(x), IA(x)   IA(x), and FA(x)  FA(x).    

 

Definition 4[7]:  Equality: A = B, iff 
A B and BA⊇  

 

Definition 5 [7]: (Union): The union of two SVNSs A and B is a SVNS C, written as BAC ∪ and defined as follows: 

   XxxFxIxTxC ACC  :)(),(),(  

 
      xTxTxT BAC ,max ; 

      xIxIxI BAC ,min ; 

      xFxFxF BAC ,min ∀ x  X 

 

Definition 6[7]: (Intersection): The intersection of two SVNSs A and B is a SVNS E, written as BAE  and defined 

as follows: 

   XxxFxIxTxE EEE  :)(),(),( . 

Here, 

 )(,)(min)( xTxTxT BAE  ; 

 )(,)(max)( xIxIxI BAE  ; 

 )(,)(max)( xFxFxF BAE   

      xFxFxF BAC ,min ,∀ x  x in X  

 

Rough Neutrosophic Sets [8, 9]. 

Let Z be a non-null set and R be an equivalence relation on Z. Let P be a neutrosophic set in Z with the membership 

function ,PT indeterminacy function PI  and non-membership function PF . The lower and the upper approximations 

of P in the approximation (Z, R) denoted by )(PN  and )(PN   are respectively defined as follows: 

 

 
,

,

/)(),(),(,
)(

)()()(

Zxxz

xFxIxTx
PN

R

PNPNPN






 

  Zxxz

xFxIxTx
PN

R

PNPNPN

∈,∈

/)(),(),(,
)(

)()()(




                     

)1(  

 

Here,   )()()( zTxxT PRzPN  ,   )()()( zIxxI PRzPN  ,   )()()( zFxxF PRzPN  ,   )()(
)(

zTxxT PRzPN


  )()(
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So, 3)(sup)(sup)(sup0 )()()(  xFxIxT PNPNPN  

3)(sup)(sup)(sup0
)()()(

 xFxIxT
PNPNPN

 

 

Here  and  denote “max” and “min’’ operators respectively, )(zT P , )(zI P  and )(zF P are  the membership, 

indeterminacy and non-membership functions of z with respect to P. It is easy to see that )(PN and )(PN are two 

neutrosophic sets in Z. 

 

Thus NS mapping ,N N : N(Z)  N(Z) are, respectively, referred to as the lower  and  upper  rough  NS  approximation  

operators,  and the pair ))(),(( PNPN is called the rough neutrosophic set [8], [9] in ( Z, R). 

 

From the above definition, it is seen that )(PN and )(PN  have constant membership on the equivalence classes of R 

if );()( PNPN   .e. ),()(
)()( xTxT

PNPN 
 

),()(
)()( xIxI

PNPN 
 

  =)()( xF PN xF
PN

(
)(

)∀ x  x in X .
 
 

 

P is said to be a definable neutrosophic set in the approximation (Z, R). It can be easily proved that zero neutrosophic 

set (0N) and unit neutrosophic sets (1N) are definable neutrosophic sets. 

 

Definition 2.3.1  

 If N(P) = ( )(),( PNPN ) is a rough neutrosophic set in (Z, R) , the rough complement [8, 9] of N(P) is the rough 

neutrosophic set denoted by ),)(,)(()(~ cc PNPNPN  where cc PNPN )(,)( are  the  complements of neutrosophic sets 

of )(),( PNPN respectively. 

 

  ,
,

/)(),(1),(, )()()(

Zx

xFxIxTx
PN

PNPNPNc




 and 

 

 

 
Zx

xFxIxTx
PN

PNPNPNc






,

/)(),(1),(,
)()()(

          

)2(

 
 

Definition 2.3.2  

 If  )()( 21 PNandPN
 
are  the two  rough neutrosophic  sets  of  the  neutrosophic  set P respectively in Z, then the 

following definitions [8], [9] hold good: 
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)()()()()()( 212121 PNPNPNPNPNPN   

)()()()()()( 212121 PNPNPNPNPNPN 
 

 )()(,)()()()( 212121 PNPNPNPNPNPN 
 

 )()(,)()()()( 212121 PNPNPNPNPNPN 
 

 )()(,)()()()( 212121 PNPNPNPNPNPN
 

 )(.)(,)(.)()(.)( 212121 PNPNPNPNPNPN
 

 

If N, M, L are the rough neutrosophic sets in (Z, R), then the following proposition are stated from definitions. 

Proposition 1 [8], [9] 

 

NNN )(~~.1  

MNNMNMMN   ,.2  

)()(

,)()(.3

NMLNML

NMLNML








 

)()()(

,)()()(.4

NLMLNML

NLMLNML








  

 

Proposition 2 [8], [9] 

De Morgan‘s Laws are satisfied for rough neutrosophic sets  
))((~))(~())()((~.1 2121 PNPNPNPN    

))((~))((~))()((~.2 2121 PNPNPNPN  
 

 

Proposition 3[8], [9] 

If P1 and P2 are two neutrosophic sets in U such that thenPP ,21 )()( 21 PNPN 
 

)()()(.1 2221 PNPNPPN  
 

)()()(.2 2221 PNPNPPN  
 

 

Proposition 4 [8], [9] 

)(~~)(.1 PNPN 
 

)(~~)(.2 PNPN 
 

)()(.3 PNPN 
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For the proofs of the above mentioned propositions see [8, 9]. 

 

SOME SIMILARITY MEASURES UNDER ROUGH NEUTROSOPHIC ENVIRONMENT 
Dice similarity measure under rough neutrosophic environment 

In this section, we propose the Dice similarity measure and the weighted Dice similarity measure for rough 

neutrosophic sets and investigate their properties. 

 

Definition 3.1: Assume that A and B  are two rough neutrosophic sets denoted by  

 

A =    )(),(),(,)(),(),( iAiAiAiAiAiA xFxIxTxFxIxT  and B =    )(),(),(,)(),(),( iBiBiBiBiBiB xFxIxTxFxIxT   

in X = {x1, x2, …, xn). A Dice similarity measure between two rough neutrosophic sets A and B is defined as follows: 

 

),( BADICRNS  

      
      
































n
i

iBiBiB

iAiAiA

iBiA

iBiAiBiA

xFxIxT

xFxIxT
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xIxIxTxT
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1

222

222

)()()(

)()()(

)()(

)()()()(
.2
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(3)

 

 

Proposition 5:  

Let A and B be rough neutrosophic sets then  

.1 1),(0  BADICRNS
 

.2 ),(),( ABDICBADIC RNSRNS 
                                

 3.  DRNS(A, B) = 1, iff A = B 

 4. If C is a RNS in Y and CBA  then, DICRNS(A, C)
 


 
DICRNS(A, B) , and DICRNS(A, C)

 


 
DICRNS(B, C) 

 

Proof:  

1.  It is obvious because all positive values of Dice function are within 0 and 1. 

2.  It is obvious that the proposition is true.  

3.  When A = B, then obviously DICRNS(A, B) = 1. On the other hand if DICRNS(A, B) =1 then, 
                                                                               

)()( iBiA xTxT    , )()( iBiA xIxI   , )()( iBiA xFxF   ,ie  

)()( iBiA xTxT  , )()( iBiA xTxT  , )()( iBiA xIxI  , )()( iBiA xIxI  , )()( iBiA xFxF  , )()( iBiA xFxF 
  

This implies that A = B. 
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4. If CBA  then we can write )()()( iCiBiA xTxTxT  , )()()( iCiBiA xTxTxT  , )()()( iCiBiA xIxIxI  ,

)()()( iBiBiA xIxIxI  , )()()( iCiBiA xFxFxF  , .)()()( iCiBiA xFxFxF 
 

 

Hence we can write DICRNS(A, C)
 


 
DICRNS(A, B) , and DICRNS(A, C)

 


 
DICRNS(B, C). 

If we consider the weights of each element xi, a weighted rough Dice similarity measure between rough neutrosophic 

sets A and B can be defined as follows: 

 

),( BADICWRNS  
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(4) 

 

]1,0[iw , i = 1, 2,…, n and 11  
n
i iw . If we take

n
wi

1
 , i = 1, 2,…, n, then DICWRNS(A, B) = DICRNS(A,B) 

 

The weighted rough Dice similarity measure (WRNS) between two rough neutrosophic sets A and B satisfies the 

following properties: 

 

Proposition 6: 

.1 1),(0  BADICWRNS  

.2 ),(),( ABDICBADIC WRNSWRNS 
                                 

 

 3. DICWRNS(A, B) = 1, iff A = B  

 4. If C is a WRNS in Y and CBA  then, DICWRNS(A, C)
 


 
DICWRNS(A, B) , and DICWRNS(A, C)

 


 
DICWRNS(B, 

C) 

 

Proof:  

The proofs of the above properties are similar to the proof of the proposition (5). 

 

Jaccard similarity measure under rough neutrosophic environment 

Assume that there are two rough neutrosophic sets    )(),(),(,)(),(),( iAiAiAiAiAiA xFxIxTxFxIxTA   and 
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   )(),(),(,)(),(),( iBiBiBiBiBiB xFxIxTxFxIxTB   in X = {x1, x2, …, xn). A Jaccard similarity measure between 

two rough neutrosophic sets A and B is dedfined as follows:  

),( BAJACRNS  
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Proposition 7  

Let A and B be rough neutrosophic sets then  

.1  1),(0  BAJACRNS
 

.2 ),(),( ABJACBAJAC RNSRNS 
                                

3.  JACRNS(A, B) = 1, iff A = B 

4. If C is a RNS in Y and CBA  then, JACRNS(A, C)
 


 
JACRNS(A, B) , and JACRNS(A, C)

 


 
JACRNS(B, C) 

 

Proof:  

1.  It is obvious because all positive values of Jaccard function are within 0 and 1. 

2.  It is obvious that the proposition is true.  

3.  When A = B, then obviously JACRNS(A, B) = 1. On the other hand if JACRNS(A, B) =1 then,  

)()( iBiA xTxT    , )()( iBiA xIxI   , )()( iAiA xFxF   ,ie
 

)()( iBiA xTxT  , )()( iBiA xTxT  , )()( iBiA xIxI  , )()( iBiA xIxI  , )()( iBiA xFxF  , )()( iBiA xFxF 
  

This implies that A = B. 

 

4. If CBA  , then we can write )()()( iCiBiA xTxTxT  , )()()( iCiBiA xTxTxT  , )()()( iCiBiA xIxIxI  ,

)()()( iBiBiA xIxIxI  , )()()( iCiBiA xFxFxF  , .)()()( iCiBiA xFxFxF 
 

Hence we can write JACRNS(A, C)
 


 
JACRNS(A, B) , and JACRNS(A, C)

 


 
JACRNS(B, C). 
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If we consider the weights of each element xi, a weighted rough Jaccard similarity measure between two rough 

neutrosophic sets A and B can be defined as follows: 

),( BAJACWRNS  
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]1,0[iw , i = 1, 2,…, n and 11  
n
i iw . If we take

n
wi

1
 , i = 1, 2,…, n, then JACWRNS(A, B) = JACRNS(A,B) 

The weighted rough Jaccard similarity measure between two rough neutrosophic sets A and B also satisfies the 

following properties: 

 

Proposition 8  

.1  1),(0  BAJACWRNS  

.2  ),(),( ABJACBAJAC WRNSWRNS 
                                 

 

 3.  DWRNS(A, B) = 1, iff A = B  

 4. If C is a WRNS in Y and CBA  then, JACWRNS(A, C)
 


 
JACWRNS(A, B) , and JACWRNS(A, C)

 


 
JACWRNS(B, 

C) 

 

Proof: 

Proofs of the above properties are similar to the proof of the proposition (6). 

 

DECISION MAKING UNDER ROUGH NEUTROSOPHIC SETS BASED ON DICE AND 

JACCARD SIMILARITY MEASURES 
Let A1, A2 , ..., Am be a discrete set of candidates, C1, C2, ..., Cn be the set of criteria, and B1, B2, ..., Bk  be the alternatives. 

The decision-maker provides the ranking of alternatives with respect to each candidate. Decision making procedure 

under rough neutrosophic sets based on Dice and Jaccard similarity measure is presented as following steps. 
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Step 1: Determination the relation between candidates and attributes 

The ranking presents the performances of candidates Ai (i = 1, 2,..., m) against the criterion Cj (j = 1, 2, ..., n). The 

rough neutrosophic values associated with the candidates and their attributes for MADM problem are presented in the 

decision matrix (see the table 1). 

 
Table 1: The relation between candidates and attributes 

 nmijij ddD ,  

mnmnmmmmm

nn

nn

n

ddddddA

ddddddA

ddddddA

CCC

,...,,

.............

.............

,...,,

,...,,

2211

22222221212

11121211111

21 

                    

(7)

 
Here ijij dd , is the rough neutrosophic number associated to the i-th alternative and the j-th attribute. 

 

 

Step 2: Determination of the relation between attributes and alternatives 

The relation between attribute Ci (i = 1, 2, ..., n) and alternative Bt (t = 1, 2, ..., k) in terms of rough neutrosophic 

numbers is presented in the decision matrix (see the table 2).  

 
Table 2: The relation between attributes and alternatives 

 knijijD  ,  

nknknnnnn

kk

kk

k

C

C

C

BBB







,...,,

.............

.............

,...,,

,...,,

2211

22222221212

11121211111

21 

                        

(8)

 
Here ijij  , is rough neutrosophic number associated with the i-th alternative and the j-th attribute. 

Here ijij dd ,
 
and ijij  ,  are single valued neutrosophic numbers. 
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Step 3: Determination of the relation between attributes and alternatives:  

Determine the rough Dice and Jaccard similarity measures ),( BADICRNS and ),( BAJACRNS between the table 1 and 

the table 2 using equation (3) and equation (5).  

 

Step 4: Ranking the alternatives:  

Ranking of alternatives is prepared based on the descending order of rough Dice and Jaccard similarity measures. 

Highest value reflects the best alternative. 

 

Step 5: End
       

 

 

MEDICAL DIAGNOSIS USING DICE AND JACCARD SIMILARITY MEASURE 

UNDER ROUGH NEUTROSOPHIC ENVIRONMENT 
In medical diagnosis problem, it is necessary to collect a lot of information from modern medical technologies, which 

is often incomplete and indeterminate due to the complexity and ambiguity of symptoms of various diseases. 

Therefore, real medical diagnosis comprises of partial and incomplete information. In order to deal with the situation, 

rough neutrosophic set is useful.  

 

Consider an illustrative example on medical diagnosis adopted from Pramanik and Mondal [18]. Medical diagnosis 

consists of a large amount of uncertainties and increased volume of information available to physicians from new 

updated technologies. The proposed similarity measure among the patients versus symptoms and symptoms versus 

diseases will provide the proper medical diagnosis. The main feature of the proposed method is that it includes rough 

neutrosophic set which is more flexible and easy to use.   

 

Example: Let P = {P₁, P₂, P₃} be a set of patients, D = {Viral fever, malaria, stomach problem, chest problem} be a 

set of diseases and S = {Temperature, headache, stomach pain, cough, chest pain.} be a set of symptoms. The solution 

strategy is to examine the patient and take decision for patients for their correct disease with respect to different 

symptoms in rough neutrosophic environment. (see the table 3 and the table 4). 

 

The highest rough Dice similarity measure (see the Table 5) reflects that three patients P₁, P₂, and P₃ suffer from viral 

fever. the proper medical diagnosis. The highest rough Jaccard similarity measure (see the Table 6) reflects that three 

patients P₁, P₂, and P₃ suffer from viral fever. Therefore, all three patients P₁, P₂, and P₃ suffer from viral fever. It is 

to be noted that rough cosine similarity measure studied By Mondal and Pramanik [18] offers the same result (see the 

Table 7). 
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Table 3: (Relation-1) The relation between Patients and Symptoms 

Relation-1 Temperature Headache Stomach  pain cough Chest  pain  

P1  
 1.0,2.0,8.0

,3.0,4.0,6.0

 

 
 2.0,2.0,6.0

,4.0,4.0,4.0

 

 
 2.0,1.0,7.0

,2.0,3.0,5.0

 

 
 2.0,0.0,8.0

,4.0,2.0,6.0

 

 
 2.0,2.0,6.0

,4.0,4.0,4.0

 

P2  
 2.0,3.0,7.0

,4.0,3.0,5.0

 

 
 3.0,3.0,7.0

,3.0,5.0,5.0

 

 
 4.0,1.0,7.0

,4.0,3.0,5.0

 

 
 3.0,1.0,9.0

,3.0,3.0,5.0
 

 
 3.0,1.0,7.0

,3.0,3.0,5.0
 

P3  
 2.0,2.0,8.0

,4.0,4.0,6.0

 

 
 1.0,0.0,7.0

,3.0,2.0,5.0

 

 
 2.0,1.0,8.0

,4.0,3.0,4.0

 

 
 2.0,1.0,8.0

,4.0,1.0,6.0
 

 
 1.0,1.0,7.0

,3.0,3.0,5.0
 

 
Table 4: (Relation-2) The relation between symptoms and diseases 

Relation-2 Viral Fever Malaria Stomach 

problem 

Chest problem  

Temperature  
 2.0,3.0,8.0

,4.0,5.0,6.0
 

 
 2.0,2.0,5.0

,4.0,4.0,1.0
 

 
 2.0,2.0,5.0

,4.0,4.0,3.0
 

 
 4.0,4.0,4.0

,6.0,4.0,2.0
 

Headache  
 2.0,3.0,7.0

,4.0,3.0,5.0
 

 
 2.0,3.0,6.0

,4.0,3.0,2.0
 

 
 1.0,1.0,4.0

,3.0,3.0,2.0
 

 
 3.0,3.0,5.0

,5.0,5.0,1.0
 

Stomach  pain   
 2.0,3.0,4.0

,4.0,3.0,2.0
 

 
 2.0,2.0,3.0

,4.0,4.0,1.0
 

 
 2.0,1.0,6.0

,4.0,3.0,4.0
 

 
 4.0,2.0,3.0

,6.0,4.0,1.0
 

Cough   
 1.0,1.0,6.0

,3.0,3.0,4.0
 

 
 3.0,1.0,5.0

,3.0,3.0,3.0
 

 
 4.0,4.0,3.0

,6.0,6.0,1.0
 

 
 2.0,1.0,7.0

,4.0,3.0,5.0
 

Chest  pain   
 2.0,2.0,4.0

,4.0,4.0,2.0
 

 
 1.0,1.0,3.0

,3.0,3.0,1.0
 

 
 2.0,2.0,3.0

,4.0,4.0,1.0
 

 
 2.0,2.0,6.0

,4.0,4.0,4.0
 

 

Table 5: The rough Dice similarity measure between Relation-1 and Relation-2 
Rough Dice 

similarity measure 

Viral Fever Malaria Stomach problem Chest problem  

 

P1 0.9395 0.8419 0.8469 0.8721 

P2 0.9317 0.8456 0.8204 0.8047 

P3 0.9177 0.8136 0.8112 0.8516 
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Table 6: The rough Jaccard similarity measure between Relation-1 and Relation-2 

Rough Jaccard 

similarity measure 

Viral Fever Malaria Stomach problem Chest problem  

 

P1 0.8903 0.7375 0.7538 0.7943 

P2 0.8770 0.7202 0.7168 0.6181 

P3 0.8525 0.6920 0.7400 0.7561 

 
Table 7: The rough cosine similarity measure between Relation-1 and Relation-2 

Rough Cosine 

similarity measure 

Viral Fever Malaria Stomach problem Chest problem  

 

P1 0.9595 0.9114 0.8498 0.8743 

P2 0.9624 0.9320 0.8935 0.8307 

P3 0.9405 0.8873 0.8487 0.8372 

 

CONCLUSION 
In this paper, we have proposed rough neutrosophic Dice and Jaccard similarity measure and studied some of their 

basic properties. We have presented an application of rough neutrosophic Dice and Jaccard similarity measures in 

medical diagnosis. The concept presented in the paper can be applied in pattern recognition, multiple attribute decision 

making in rough neutrosophic environment.  
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