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ABSTRACT
In this paper, cotangent similarity measure of neutrosophic refined set is proposed and some of its properties are studied.
Finally, using this refined cotangent similarity measure of single valued neutrosophic set, an application on educational
stream selection is presented.
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1. INTRODUCTION
Smarandache [1] introduced the new philosophy called “neutrosophy”. The concept of neutrosophy reflects the study of
neutral thoughts. Neutrosophic set [1] is originated from the neutrosophy. The concept of neutrosophic sets is the
generalization of crisp set, fuzzy set [2], interval valued fuzzy sets [3, 4, 5], intuitionistic fuzzy set [6], interval valued
intuitionistic fuzzy sets [7], vague sets [8], grey sets [9, 10] etc. Wang et al. [11] introduced the concept of single valued
neutrosophic set (SVNS) in order to deal with realistic problems. It has been studied and applied in different fields such
as medical diagnosis problem [12], decision making problems [13, 14, 15, 16, 17], social problems [18, 19], educational
problem [20, 21], conflict resolution [22] and so on.
Several similarity measures have been proposed in the literature by researchers to deal with different type problems. In
2013 Broumi and Smarandache [23] studied the Hausdorff distance between neutrosophic sets and some similarity
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measures based on the distance, set theoretic approach, and matching function to calculate the similarity degree between
neutrosophic sets. In 2013, Broumi and Smarandache [24] also proposed the correlation coefficient between
interval neutrosphic sets. Majumdar and Samanta [25] studied several similarity measures of single valued
neutrosophic sets based on distances, a matching function, membership grades, and then proposed an entropy
measure for a SVNS. Ye [26] proposed three vector similarity measure for SNSs, an instance of SVNSs and
interval neutrosophic sets including the Jaccard, Dice, and cosine similarity and applied them to multicriteria decisionmaking problems with simplified neutrosophic information. Ye [27] and Ye and Zhang [28] further proposed the
similarity measures of SVNSs for decision making problems. Ye [29] proposed improved cosine similarity measures of
SNSs based on cosine function, including single valued neutrosophic cosine similarity measures and interval
neutrosophic cosine similarity measures. Biswas et al. [30] studied cosine similarity measure based multi-attribute
decision-making with trapezoidal fuzzy neutrosophic numbers. Recently, Pramanik and Mondal [31] proposed rough
cosine similarity measure in rough neutrosophic environment.
Yager [32] introduced the notion of multisets which is the generalization of the concept of set theory. Sebastian and
Ramakrishnan [33] studied a new concept called multifuzzy sets, which is the generalization of multiset. Since then,
Sebastian and Ramakrishnan [34] established more properties on multi fuzzy set. Shinoj and John [35] extended the
concept of fuzzy multisets by introducing intuitionistic fuzzy multisets(IFMS). An element of a multi fuzzy sets can
occur more than once with possibly the same or different membership values, whereas an element of intuitionistic fuzzy
multisets is capable of having repeated occurrences of membership and non--membership values. However, the concepts
of FMS and IFMS are not capable of dealing with indeterminatcy. In 2013, Smarandache [36] extended the classical
neutrosophic logic to n-valued refined neutrosophic logic, by refining each neutrosophic component T, I, F into
respectively,T1 ,T2 , ... Tm, and , I1 ,I2 , ... Ip and F1 ,F2 , ... Fr. Recently, Deli abd Broumi [37] introduced the concept of
neutrosophic refined sets and studied some of their basic properties. The concept of neutrosophic refined set (NRS) [38]
is a generalization of fuzzy multisets and intuitionistic fuzzy multisets. In 2014, Broumi and Smarandache [38] extended
the improved cosine similarity of single valued neutrosophic set proposed by Ye [26] to the case of neutrosophic refined
sets and proved some of their basic properties. Broumi and Smarandache [38] also presented an application of cosine
similarity measure of neutrosophic refined sets in medical diagnosis problems. Ye and Ye [39] introduced the concept of
single valued neutrosophic multiset (SVNM) and proved some basic operational relations of SVNMs. They proposed the
Dice similarity measure and the weighted Dice similarity measure for SVNMs and investigated their properties and they
applied the Dice similarity measure of SVNMs to medicine diagnosis under the SVNM environment.
Pramanik and Mondal [40] studied weighted fuzzy similarity measure based on tangent function and provided its
application to medical diagnosis. Mondal and Pramanik [41] extended the concept to neutrosophic tangent similarity
measure.
In this paper, motivated by the tangent similarity measure proposed by Pramanik and Mondal [40] and Mondal and
Pramanik [41], we propose a new cotangent similarity measure called “refined cotangent similarity measure for single
valued neutrosophic sets”. The proposed refined cotangent similarity measure is applied to suitable educational stream
selection problem.
Rest of the paper is structured as follows. Section 2 presents neutrosophic preliminaries. Section 3 is devoted to introduce
refined cotangent similarity measure for single valued neutrosophic sets and some of its properties. Section 4 describes
decision making based on refined cotangent similarity measure. Section 5 presents the application of refined cotangent
similarity measure to the problem namely, neutrosophic decision making on educational stream selection. Finally, section
6 presents the concluding remarks and future scope of research.
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2. MATHEMATICAL PRELIMINARIES
2.1 Neutrosophic sets
Definition 2.1[1]
Let X be an universe of discourse then the neutrosophic set S is expressed in the form S = {< x: TS(x ), IS(x ), FS(x)>, x 
X }, where the functions TS(x), IS(x), FS(x): X→ ]−0,1+[ are defined respectively the degree of membership, the degree
of indeterminacy, and the degree of non-membership of the element x  X to the set S satisfying the following the
condition.
−

0 ≤ sup TS(x) + sup IS( x) + sup FS(x) ≤ 3+
(1)
The neutrosophic set assumes the values from real standard or non-standard subsets of ]−0, 1+[. So instead of ]−0, 1+[ it
assumes the values from the interval [0, 1] for practical situations, because ]−0, 1+[ will be difficult to use in the real
applications such as in scientific and engineering problems. For two neutrosophic sets, S1= {< x: TS1 (x ), IS1( x), FS1(x )>
| x  X } and S2 = {< x, TS2(x ), IS2(x ), FS2(x)> | x  X } the two relations are defined as follows:
(1) S1  S2 if and only if TS1(x )  TS2(x ), IS1(x )  IS2(x ), FS1(x )  FS2(x)
(2) S1 = S2 if and only if TS1(x) = TS2(x), IS1(x) = IS2(x), FS1(x ) = FS2(x)

2.2 Single valued neutrosophic sets
Definition 2.2 [8]
Let X be a space of points with generic elements in X denoted by x. A single valued neutrosophic set S in X is
characterized by a truth-membership function TS(x ), an indeterminacy-membership function IS(x), and a falsity
membership function FS(x), for each point x in X,
TS(x), IS(x), FS(x)  [0, 1]. When X is continuous, a single valued neutrosophic set S can be presented as follows:
 ( x), I S ( x), F S ( x) 
S  X T S
:x X
x

When X is discrete, a single valued neutrosophic set S can be presented as follows:

S  in1

 T S ( xi ), I S ( xi ), F S ( xi ) 
: xi  X
xi

For two SVNSs, S1SVNS = {<x: TS1(x ), IS1(x), FS1(x )> | x  X} and S2SVNS = {<x, TS2(x), IS2(x), FS2(x)> | x  X } the two
relations are written as follows:
(1) S1SVNS  S2SVNS if and only if TS1(x)  TS2(x), IS1(x)  IS2(x), FS1(x )  FS2( x)
(2) S1SVNS = S2SVNS if and only if TS1(x) = TS2(x), IS1(x) = IS2(x), FS1(x) = FS2(x) for any x  X

2.3 Neutrosophic refined sets
Definition 2.3 [38] Let M be a neutrosophic refined set (NRS). Then,
M = {< x, ( T 1M xi  , T 2M xi  ,..., T tM xi  ), ( I 1M xi  , I 2M xi  ,..., I tM xi  ),( F 1M xi  , F 2M xi  ,..., F tM xi  ))>: x  X}where, T 1M xi  , T 2M xi  ,...,
t
1
2
t
1
2
t
T M xi  : X  [0 ,1], I M xi  , I M xi  ,..., I M xi  : X  [0 ,1], and F M xi  , F M xi  ,..., F M xi  : X  [0 ,1], such that

0  sup T M xi   sup I M xi   sup F M xi  3 , for i = 1, 2, …, t for any x  X. Now, ( T 1M xi  , T 2M xi  ,..., T tM xi  ), ( I 1M xi  , I 2M xi 
i

i

i

,..., I tM xi  ), ( F 1M xi  , F 2M xi  ,..., F tM xi  ) is the truth-membership sequence, indeterminacy-membership sequence and falsitymembership sequence of the element x, respectively. Also, t is the dimension of neutrosophic refined sets M.
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3. COTANGENT SIMILARITY MEASURE FOR SINGLE VALUED REFINED
NEUTROSOPHIC SETS
Let N = < x( T Nj xi  , I Nj xi  , F Nj xi  )> and P = < x( T Pj xi  , I Pj xi  , F Pj xi ) > be two single valued refined neutrosophic
numbers. Now refined cotangent similarity function which measures the similarity between two vectors based only on
the direction, ignoring the impact of the distance between them can be presented as:
COTNRS(N, P)=





1 p 1 n

 
3  T Pj ( x i ) T Qj ( x i )  I Pj ( x i )  I Qj ( x i )  F Pj ( x i )  F Qj ( x i )  
 j 1  i 1 cot 
p
n
12

 


(1)
Proposition 3.1. The defined refined cotangent similarity measure COTNRS(N, P) between NRSs N and P satisfies the
following properties:
1.
2.
3.
4.

0  COTNRS (N, P)  1
COTNRS(N, P) = 1 if and only if N = P
COTNRS(N, P) = COTNRS(P, N)
If R is a NRS in X and N  P  R then
COTNRS(N, R)  COTNRS(N, P) and COTNRS(N, R)  COTNRS(P, R)

Proofs:
(1)
As the membership, indeterminacy and non-membership functions of the NRSs and the value of the cotangent function
are within [0 ,1], the refined similarity measure based on cotangent function also lies within [ 0,1].
Hence 0  COTNRS(N, P)  1
(2)
For any two NRS N and P if N = P, then the following relations hold T Pj ( x)  T Pj ( x) , I Pj ( x)  I Pj ( x) , F Pj ( x)  F Pj ( x) . Hence
T Nj ( x) T Pj ( x)  0 , I Nj ( x) I Pj ( x)  0 , F Nj ( x) F Pj ( x)  0 , Thus COTNRS(N, P) = 1

Conversely,
If COTNRS(N, P) = 1, then T Nj ( x) T Pj ( x)  0 , I Nj ( x) I Pj ( x)  0 , F Nj ( x) F Pj ( x)  0 , since tan(0) = 0. So we can write
j

j

T Pj ( x)  T Pj ( x) , I Pj ( x)  I Pj ( x) , F P ( x ) = F P ( x ).

Hence N = P.
(3)
This proof is obvious.
(4)
If N  P  R , then T Nj ( x)  T Pj ( x)  T Rj ( x) ,
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I Nj ( x)  I Pj ( x)  I Rj ( x) , F Nj ( x)  F Pj ( x)  F Rj ( x) for x  X.

Now we can write the following inequalities:
T Nj( x) T Pj( x)  T Nj( x) T Rj( x) , T Pj( x) T Rj( x)  T Nj( x) T Rj( x) ;
I Nj( x) I Pj( x)  I Nj ( x) I Rj ( x) , I Pj( x) I Rj( x)  I Nj( x) I Rj( x) ;

F Nj ( x) F Pj ( x)  F Nj ( x) F Rj ( x) , F Pj ( x) F Rj ( x)  F Nj ( x) F Rj ( x) .

Thus COTNRS(N, R)  COTNRS(N, P) and COTNRS(N, R)  COTNRS(P, R), since cotangent function is decreasing in the
  
4 , 2.



interval

4. DECISION MAKING UNDER SINGLE VALUED NEUTROSOPHIC SETS BASED ON
COTANGENT SIMILARITY MEASURE
Let A1, A2 , ..., Am be the discrete set of candidates, C1, C2, ..., Cn be the set of criteria of each candidate, and B 1, B2, ..., Bk
are the alternatives of each candidates. The decision-maker provides the ranking of alternatives with respect to each
candidate. The ranking presents the performances of candidates Ai (i = 1, 2,..., m) with respect to the criteria Cj (j = 1, 2,
..., n). The values associated with the alternatives for multi-attribute decision making problem can be presented in the
following decision matrix (see the Table 1 and the Table 2).

Table 1: The relation between candidates and attributes
A1

C1
d 111, d 112,, d 11t

C2
d 121, d 122,, d 12t

...
...

Cn
d 1n1, d 1n2,, d 1nt

A2
...
Am

d 211, d 212,, d 21t
...
1
2
d n1, d n1,, d n1t

d 221, d 222,, d 22t
...
1
d n 2, d n 22,, d n 2t

...
...
...

d 2 n1, d 2 n2,, d 2 nt
...
1
d mn , d mn2,, d mnt

Table 2: The relation between attributes and alternatives
B1
C1
C2
...
Cn

B2

 11  12
 21  22
...

...

 n1  n 2

... B k
...  1k
...  2 k
... ...
...  nk

Here d ijt and δij are all single valued neutrosophic numbers.
The steps corresponding to refined neutrosophic numbers based on tangent function are presented as follows.
Step 1: Determination the relation between candidates and attributes
The relation between candidate Ai (i = 1, 2, ..., m) and their attribute Cj (j = 1, 2, ..., n) in NRS can be presented as
follows (see the Table 3):
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Table 3: Relation between candidates and attributes in terms of NRSs
C1
 T 111, I 111, F 111 ,


 T 2 , I 2, F 2 , 
11 11
11


.......... .......... , 
.......... .......... , 


 T 11t , I 11t , F 11t 


 T 211, I 211, F 211 ,


 T 2, I 2, F 2 , 
 21 21 21 
.......... .......... , 
.......... .......... , 


 T 21t , I 21t , F 21t 


...
 T m11, I m11, F m11 ,


 T 2, I 2, F 2 , 
 m1 m1 m1 
.......... .......... , 
.......... .......... , 


 T m1t , I m1t , F m1t 



A1

A2

...

Am

C2
 T 121, I 121, F 121 ,


 T 2 , I 2, F 2 , 
12 12
12


.......... .......... , 
.......... .......... , 


 T 12t , I 12t , F 12t 


 T 221, I 221, F 221 ,


 T 2 , I 2, F 2 , 
 22 22 22 
.......... .......... , 
.......... .......... , 


 T 22t , I 22t , F 22t 


...
 T m 21, I m 21, F m 21 ,


 T 2, I 2, F 2 , 
 m 2 m 2 m 2 
.......... .......... , 
.......... .......... , 


 T m 2t , I m 2t , F m 2t 



...

...

...

...

...

Cn
 T 1n1, I 1n1, F 1n1 , 


 T 2 , I 2, F 2 , 
1n
1n
1n


.......... .......... , 
.......... .......... , 


 T 2 nt , I 2 nt , F 2 nt 


 T 2 n1, I 2 n1, F 2 n1 ,


 T 2 , I 2, F 2 , 
 2 n 2 n 2 n 
.......... .......... , 
.......... .......... , 


 T 1nt , I 1nt , F 1nt 


...
 T mn1, I mn1, F mn1 ,


 T 2 , I 2, F 2 , 
 mn mn mn 
.......... .......... , 
.......... .......... , 


 T mnt , I mnt , F mnt 



Step 2: Determination the relation between attributes and alternatives
The relation between attributes Ci (i = 1, 2, ..., n) and alternatives Br (r = 1, 2, ..., k) is presented as follows (see the Table
4):
Table 4: The relation between attributes and alternatives in terms of NRSs

C1
C2
...
Cn

B1
T 11, I 11, F 11
T 21, I 21, F 21
...
T n1, I n1, F n1

B2
T 12, I 12, F 12
T 22, I 22, F 22
...
T n 2, I n 2, F n 2

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

Bk
T 1k, I 1k, F 1k
T 2 k, I 2 k, F 2 k
...
T nk, I nk, F nk

Step 3: Determination the correlation measure between attributes and alternatives
Determine the correlation measure between the Table 3 and the Table 4 using COTNRS(N, P) (Equation 1).
Step 4: Ranking the alternatives
Ranking of alternatives is prepared based on the descending order of correlation measures. Highest value of correlation
measure reflects the best alternative.
Step 5: End

5. EXAMPLE: EDUCATIONAL STREAM SELECTION
Let us consider an illustrative example which is very important for students (after higher secondary examination) to
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select suitable educational stream for higher education. After higher secondary examination it is very important to select
proper stream of education for a student. If the chosen branch is improper to the student, then a bad impact may occur to
his/her future career. So it is necessary to use a suitable mathematical method or strategy for decision making. In some
practical situations, indeterminacy is inherently involved. So information is characterized by truth membership,
indeterminate and falsity membership function. The proposed similarity measure among the student Vs attributes and
attributes Vs educational streams give the proper selection of educational stream of students. The main feature of the
proposed method is that it considers single valued neutrosophic values of each attribute provided by the decision makers
(experts) for the candidates. Descriptions of students, their attributes, possible educational streams are given below (see
the Table 5). Our solution is to examine the students and make decision to choose suitable educational stream for the
students (see the Table 6, 7). The decision making procedure is presented as the following steps:
Table 5: Description of students, their attributes and educational streams
Symbols
A1
A2

Descriptions
First student (rank -1) of „„Birnagar High School‟‟ after HS examination (West Bengal, India)
Second student (rank -2) of „„Birnagar High School‟‟ after HS examination (West Bengal,
India)
Third student (rank -3) of „„Birnagar High School‟‟ after HS examination (West Bengal,
India)
Depth in languages (English and Bengali)
Depth in Mathematics and basic computers knowledge
Depth in Sciences
Concentration
Laborious
Mathematics Honors
Physics Honors
Engineering
Computer Science
Bio-chemistry

A3
S1
S2
S3
S4
S5
D1
D2
D3
D4
D5

Step 1: Determination the relation between candidates and attributes:
The relation between student and their attributes was collected by three independent decision makers. Setting those three
relational values (refined neutrosophic sets) for each student is presented as follows (see the Table 6).

Table 6: (Relation-1) The relation between students and their attributes
Relation-1
A1

A2

A3
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S1
(0.7, 0.2, 0.2)
(0.6, 0.3, 0.3)
(0.6, 0.3, 0.1)
(0.8, 0.4, 0.4)
(0.7, 0.6, 0.4)
(0.8, 0.6, 0.4)
(0.7, 0.2, 0.2)
(0.6, 0.4, 0.1)

S2
(0.6, 0.2, 0.4)
(0.5, 0.2, 0.4)
(0.5, 0.1, 0.2)
(0.5, 0.5, 0.2)
(0.5, 0.4, 0.1)
(0.6, 0.6, 0.3)
(0.6, 0.1, 0.1)
(0.6, 0.2, 0.4)

S3
(0.6, 0.3, 0.2)
(0.6, 0.5, 0.2)
(0.7, 0.3, 0.4)
(0.8, 0.2, 0.2)
(0.8, 0.2, 0.5)
(0.8, 0.2, 0.4)
(0.6, 0.6, 0.4)
(0.6, 0.5, 0.5)

28 February 2015

S4
(0.7, 0.2, 0.4)
(0.7, 0.4, 0.4)
(0.6, 0.3, 0.3)
(0.6, 0.6, 0.2)
(0.6, 0.7, 0.5)
(0.5, 0.5, 0.4)
(0.8, 0.5, 0.1)
(0.6, 0.5, 0.5)

S5
(0.7,0.6, 0.4)
(0.6,0.4, 0.5)
(0.6,0.5, 0.4)
(0.6, 0.6, 0.4)
(0.7, 0.6, 0.4)
(0.8, 0.6, 0.3)
(0.6, 0.5, 0.5)
(0.8, 0.5, 0.3)
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(0.5, 0.3, 0.3)

(0.6, 0.1, 0.3)

(0.7, 0.4, 0.6)

(0.6, 0.6, 0.3)

(0.8, 0.3, 0.4)

Step 2: Determination the relation between attributes and alternatives:
The relation between student-attributes Si (i = 1, 2, 3, 4, 5) and educational streams Dr (r = 1, 2, 3, 4, 5) is presented as
follows (see the Table 7).
Table 7: (Relation-2) The relation among student-attributes and educational streams
Relation-2

D1

D2

D3

D4

D5

S1

(0.5, 0.2, 0.4)

(0.4, 0.5, 0.4)

(0.4, 0.4, 0.4)

(0.5, 0.3, 0.3)

(0.5, 0.4, 0.4)

S2

(0.9, 0.2, 0.2)

(0.8, 0.4, 0.2)

(0.7, 0.3, 0.4)

(0.8, 0.4, 0.2)

(0.7, 0.4, 0.2)

S3

(0.6, 0.4, 0.3)

(0.8, 0.2, 0.4)

(0.6, 0.3, 0.4)

(0.8, 0.4, 0.2)

(0.8, 0.4, 0.3)

S4

(0.6, 0.2, 0.4)

(0.6, 0.1, 0.3)

(0.6, 0.5, 0.3)

(0.6, 0.5, 0.4)

(0.6, 0.5, 0.4)

S5

(0.7, 0.2, 0.4)

(0.6, 0.4, 0.3)

(0.6, 0.5, 0.4)

(0.7, 0.6, 0.4)

(0.7, 0.2, 0.2)

Step 3: Determination the correlation measure between attributes and alternatives:
Using the proposed cotangent similarity measure (COTNRS(N,P)) from equation 1, we form up the values as follows (see
the Table 8).
Table 8: The correlation measure between Relation-1 and Relation-2
Refined
cotangent
similarity
measure

D1

D2

D3

D4

D5

A1

0.8155

0.7821

0.8458

0.8395

0.7884

A2

0.8122

0.7965

0.8123

0.8368

0.8150

A3

0.7917

0.7619

0.8357

0.8103

0.7949

Step 4: Ranking the alternatives:
The highest correlation measure (see the Table 8) reflects the suitable educational stream selection after higher
secondary examination. Therefore, all students A1, A2, and A3 choose the engineering stream.
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6. CONCLUSION
In this paper, we have proposed a refined cotangent similarity measure approach of single valued neutrosophic set and
proved some of their basic properties. We have presented an application of cotangent similarity measure of neutrosophic
single valued sets in a decision making problem for educational stream selection. The concept presented in this paper can
be extended to the other decision making problems involving neutrosophic refined sets.

7. REFERENCES
[1] Smarandache, F. 1998. A unifying field in logics: neutrosophic logic. Neutrosophy, neutrosophic set,
neutrosophic probability, and neutrosophic statistics. Rehoboth: American Research Press.
[2] Zadeh, L. A. 1965. Fuzzy sets. Information and Control, 8, 338-353.
[3] Zadeh, L. 1975. The concept of a linguistic variable and its application to approximate reasoning I, Information
Sciences. 8, 199–249.
[4] Grattan-Guiness, I. 1975. Fuzzy membership mapped onto interval and many-valued quantities. Z. Math. Logik.
Grundladen Math. 22 (1975), 149-160.
[5] Jahn, K. U. 1975. Intervall-wertige mengen. Math. Nach., 68, 115-132.
[6] Atanassov, K. 1986. Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20, 87-96.
[7] Atanassov, K., and Gargov, G. 1989. Interval valued intuitionistic fuzzy sets. Fuzzy Sets and Systems, 31, 343349.
[8] Gau, W. L., and Buehrer, D. J. Vague sets. IEEE Transactions on Systems. Man and Cybernetics, 23, 610-614.
[9] Deng, J. L. 1982. Control problems of grey system. System and Control Letters, 5, 288–294.
[10] Nagai, M., and Yamaguchi, D. 2004. Grey theory and engineering application method. Kyoritsu publisher.
[11] Wang, H. Smarandache, F. Zhang, Y. Q., and Sunderraman, R. 2010. Single valued neutrosophic, sets.
Multispace and Multi structure, 4, 410–413.
[12] Kharal, A. 2013. A neutrosophic multicriteria decision making method. New Mathematics and Natural
Computation. Creighton University, USA.
[13] Ye, J. 2013. Multicriteria decision-making method using the correlation coefficient under single-valued
neutrosophic environment. International Journal of General Systems, 42(4), 386-394.
[14] Ye, J. 2014. Single valued neutrosophic cross entropy for multicriteria decision making problems. Applied
Mathematical Modeling, 38, 1170-1175.
[15] Biswas, P., Pramanik, S., and Giri, B. C. 2014. Entropy based grey relational analysis method for multi-attribute
decision-making under single valued neutrosophic assessments. Neutrosophic Sets and Systems, 2, 102-110.
[16] Biswas, P., Pramanik, S., and Giri, B. C. 2014. A new methodology for neutrosophic multi-attribute decision
making with unknown weight information. Neutrosophic Sets and Systems, 3, 42-52.
[17] Mondal, K., and Pramanik, S. 2015. Rough neutrosophic multi-attribute decision-making based on grey
relational analysis. Neutrosophic Sets and Systems, 7, 8-17.
[18] Pramanik, S., and Chackrabarti, S.N. 2013. A study on problems of construction workers in West Bengal based
on neutrosophic cognitive maps. International Journal of Innovative Research in Science, Engineering and
Technology 2(11), 6387-6394.
[19] Mondal, K., and Pramanik, S. 2014. A study on problems of Hijras in West Bengal based on neutrosophic
cognitive maps. Neutrosophic Sets and Systems, 5, 21-26.
[20] Mondal, K., and Pramanik, S. 2014. Multi-criteria group decision making approach for teacher recruitment in
higher education under simplified neutrosophic environment, Neutrosophic Sets and Systems, 6, 28-34.

494 | P a g e

28 February 2015

www.gjar.org

Vol-2, Issue-2 PP. -

ISSN: 2394-5788

[21] Mondal, K., and Pramanik, S. 2015. Neutrosophic decision making model of school choice. Neutrosophic Sets
and Systems, 7, 62-68.
[22] Pramanik, S., and Roy, T. K. 2014. Neutrosophic game theoretic approach to Indo-Pak conflict over JammuKashmir. Neutrosophic Sets and Systems, 2, 82-101.
[23] Broumi, S., Smarandache, F. 2013. Several similarity measures of neutrosophic sets. Neutrosophic Sets and
Systems, 1, 54-62.
[24] Broumi, S., Smarandache, F. 2013. Correlation coefficient of interval neutrosophic se. Periodical of Applied
Mechanics and Materials, Vol. 436, 2013, with the title Engineering Decisions and Scientific Research in
Aerospace, Robotics, Biomechanics, Mechanical Engineering and Manufacturing; Proceedings of the
International Conference ICMERA, Bucharest, October 2013.
[25] Majumder, P., Samanta, S. K. 2013. On similarity and entropy of neutrosophic sets. Journal of Intelligent and
Fuzzy System, 26 (2014) 1245–1252.
[26] Ye, J. 2014. Vector similarity measures of simplified neutrosophic sets and their application in multicriteria
decision making. International Journal of Fuzzy Systems, 16(2), 204-215.
[27] J. Ye. Multiple attribute group decision-making method with completely unknown weights based on similarity
measures under single valued neutrosophic environment. Journal of Intelligent and Fuzzy Systems, (2014), doi:
10.3233/IFS-141252.
[28] J. Ye and Q. S. Zhang, Single valued neutrosophic similarity measures for multiple attribute decision making.
Neutrosophic Sets and Systems 2 (2014), 48-54.
[29] J. Ye, Improved cosine similarity measures of simplified neutrosophic sets for medical diagnoses, Artificial
Intelligence in Medicine (2014) doi: 10.1016/j.artmed.2014.12.007.
[30] Biswas, P., Pramanik, S., and Giri, B. C. 2015. Cosine similarity measure based multi-attribute decision-making
with trapezoidal fuzzy neutrosophic numbers. Neutrosophic sets and System, 8. In Press.
[31] Pramanik, S., Mondal, K. 2015. Cosine similarity measure of rough neutrosophic sets and its application in
medical diagnosis. Global journal of Advanced Research, 2 (1), 212-220.
[32] Yager, R. R. 1986. On the theory of bags (Multi sets), International Journal of General System, 13, 23-37.
[33] Sebastian, S. and Ramakrishnan, T. V. 2010 Multi-fuzzy sets. International Mathematical Forum, 5(50), 24712476.
[34] Sebastian, S. and Ramakrishnan, T. V. 2011. Multi fuzzy sets: an extension of fuzzy sets. Fuzzy Information
Engineering, 3(1), 35-43.
[35] Shinoj, T. K. and John, S. J. 2012. Intuitionistic fuzzy multisets and its application in medical diagnosis, World
Academy of Science, Engineering and Technology, 61, 1178-1181.
[36] Smarandache. F. 2013. n-Valued refined neutrosophic logic and its applications in physics. Progress in Physics,
4, 143-146.
[37] Deli, I. and Broumi, S., Neutrosophic multisets and its application in medical diagnosis, 2014, (submitted)
[38] Broumi, S., and Smarandache, F. 2014. Neutrosophic refined similarity measure based on cosine function.
Neutrosophic Sets and Systems, 6, 42-48.
[39] Ye, S., and Ye, J.2014. Dice similarity measure between single valued neutrosophic multisets and its
application in medical diagnosis. Neutrosophic sets and System 6, 49-54.
[40] Pramanik, S., Mondal, K. 2015. Weighted fuzzy similarity measure based on tangent function and its application
to medical diagnosis. International Journal of Innovative Research in Science, Engineering and Technology,
4(2), 158-164.
[41] K. Mondal, S. Pramanik. Neutrosophic tangent similarity measure and its application to multiple attribute
decision making. Submitted.

495 | P a g e

28 February 2015

www.gjar.org

Vol-2, Issue-2 PP. -

496 | P a g e

ISSN: 2394-5788

28 February 2015

www.gjar.org

