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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—>T10, 1, 1a(x): X =170, 1*[, and Fa(x): X > ]70,1*[.

2. ~0<sup Ta(x) + sup la(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]

Definitionl [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 1a(x), and a falsity membership function Fa(x). Then, a SVNS A can be
denoted as A={(x/(Ta(),1a(0),Fa(x))):xe X}. The sum of Ta(x), Ia(x), and Fa(x) satisfies the condition

0 = supT A(X) +SUPF A(X) +SUPI A(X) £3, VX E X

Definition 2[7]: Complement: A°={(x/(F a(X),1-1a(X), T a(X))):x € X }
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Definition 3[7]: Inclusion: Ac B, iff Ta(x) < Ta(X), 1a(X) = la(x), and Fa(xX) > Fa(X).
Definition 4[7]: Equality: A=B,iffAcBand A2B

Definition 5 [7]: (Union): The union of two SVNSs A and B is a SVNS C, written as c =AuUB and defined as follows:
C={x/Tc()1c(X),Fal¥)):xe X}

T (x)=mex(Ta(x), Ts(x));

1c(x)=min(1 a(x). 15(x));

Fc(x)=min(Fa(x).Fa(x)) V x € X

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

E={x/Te®).1e(X),Fe(X)):xe X}.

Here,

Te(X) =mn(TA(X),Te(X));

1200 =mex(1409,18(9));

Fe(x) =mex(Fa(x),Fgs(x))

Fc(x)=min(Fa(x),Fs(x)), V x € xin 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 T  , indeterminacy function 1, and non-membership function F . The lower and the upper approximations

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

N(P) =<

N(P) = << X T 5y O 7y (X0 g (X) >/ >

ZE[X]R,XEZ

<X T )X ey (X)), Fngey () >7
z E[X]R,XGZ ’

@

Here, TMP)(X) =n, e[x]R Te(2), |MP)(X) =A, e[x]R 1:(2), FMP)(X) =A, e[x]R Fo(2) ,TN(P)(X) =v, e[x]R To(2)
i@ =V ik To@), Fyp(0=v,exk15(2)

http: // www.gjesrm.com © Global Journal of Engineering Science and Research Management
(63]



[Pramanik., 2(7): July, 2015] ISSN 2349-4506
Impact Factor: 2.265

J
76( Global Journal of Engineering Science and Research Management

S0, 0<supT yp)(X) +SUPl yp)(X) +SUPF  py(X) <3

0 <supT+ (x)<3

N(P)(x) +supl

(X) +supF—

N(P) N(P)

Here vand A denote “max” and “min’’ operators respectively, Tp(z), 1p(z) and Fp(z)are the membership,

indeterminacy and non-membership functions of z with respect to P. It is easy to see that N(P) and N(P) 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 (N(P),N(P)) is called the rough neutrosophic set [8], [9] in ( Z, R).

From the above definition, it is seen that N(P) and N(P) have constant membership on the equivalence classes of R
if N(P)=N(P); & Ty () =Tgp®: In@e®=l5pM®: Fuey()= Fie(X)VxexinX,

P is said to be a definable neutrosophic set in the approximation (Z, R). It can be easily proved that zero neutrosophic
set (On) and unit neutrosophic sets (1) are definable neutrosophic sets.

Definition 2.3.1

If N(P) = (N(P),N(P)) is a rough neutrosophic set in (Z, R) , the rough complement [8, 9] of N(P) is the rough
neutrosophic set denoted by ~ N(P) = (N(P)®, N(P)°), where N(P)°, N(P)are the complements of neutrosophic sets
of N(P),N(P) respectively.

Xel

N(PY= << X T ey (0, L=1 ey (X), Fypy(X) >/ > and

)

XxeZ

N(P)= << X Tl (0 Py () >/>

Definition 2.3.2
If N(P,) and N(P,) 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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N(P)=N(P,) & N(P)=N(P,) A N(P,)=N(P,)
N(P)=N(P,) = N(PYN(P,) A N(P)=N(P,)
N(P)UN(P,) =< N(P)UN(P,), N(P,)UN(P,) >
N(P)NN(P,) =< N(P)NN(P,), N(P)NN(P,) >
N(Py)+N(P,) =< N(P)+N(P,), N(P)+N(P,) >
N(P;) .N(P,) =< N(P;) . N(P,), N(P,) .N(P,) >

If N, M, L are the rough neutrosophic sets in (Z, R), then the following proposition are stated from definitions.
Proposition 1 [8], [9]

1. ~N(~=N)=N

2. NUM=MUN,MUN=NUM

3. (LUM)UN=LUMUN),
(LNM)NN =LN(MNN)

4. (LUM)NN =(LUM)N(LUN),
(LAM)UN =(LNM)U(LNN)

Proposition 2 [8], [9]

De Morgan‘s Laws are satisfied for rough neutrosophic sets
1 ~(N(PY)UN(P;)) =(~ N(P))N(=N(P,))

2. ~(N(P)NN(P2))=(~ N(P))U(=N(P,))

Proposition 3[8], [9]

If P1 and P are two neutrosophic sets in U such that P,cP,,then N(P;) = N(P,)
1. N(P,NP,) = N(P,)NN(P,)

2. N(P1UP2) = N(Pz) UN (Pz)

Proposition 4 [8], [9]
1. N(P)=~N(-P)

2. N(P)=~N(~P)
3. N(P)= N(P)
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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 Aand B are two rough neutrosophic sets denoted by

A= <(IA(Xi)rlA(Xi)vEA(Xi))‘(-FA(Xi)lTA(Xi)vEA(Xi)» and B = <(IB(Xi)!lB(Xi)IEB(Xi))1 (fB(Xi)vTB(Xi)lEB(Xi)»
in X = {x1, Xz, ..., Xn). A Dice similarity measure between two rough neutrosophic sets A and B is defined as follows:

DICgys(AB) =
2{5'- A(X;) ST g(X;) + A1 5(x; ) B(Xi)}
1 |+ F A SF (X))
=3 (3)
n 1{[(&— A(Xi))2+(5] A(Xi))2+(a: A(Xi))zJ ‘}
+[(éT B(Xi))2+(f31 B(Xi))z+(ﬂ: B(Xi))2

Proposition 5:

Let A and B be rough neutrosophic sets then

1. 0<DICgps(A B) <1

2. DICgps(A B) =DICgys(B, A)

3. DRNs(A, B) = 1, iffA=B

4. If CisaRNS inY and Ac B cC then, D|CRN5(A, C) < D|CRN5(A, B) , and D|CRN5(A, C) < D|CRN5(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 DICgns(A, B) = 1. On the other hand if DICgns(A, B) =1 then,
OT A(X;) =0T g(X;) A A(X; )= g(X;) ) F A(X;) =F (X)) fe,

TA(x)=Tg(x) TA06) =T (%), 1,0x) =15(x), [NCOETHCONNCS! =Fg(X) Fa(x)=Fg(x)
This implies that A = B.
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4. If AcBcCthen we can writeT ,(x) <Tg(x) <Tc(X) ,'FA(xi) S?B(xi)g?c(xi) da() 2 1506) 21 (X)),
100 2 1506) 2 1504)  FA(%) 2 Fg(%) 2 Fc (%), FA(x) 2 Fg(x) 2 Fe(x,).
Hence we can write D|CRN5(A, C) < D|CRN5(A, B) , and D|CRN5(A, C) < D|CRN5(B, C)

If we consider the weights of each element x;, a weighted rough Dice similarity measure between rough neutrosophic
sets A and B can be defined as follows:

DIC s (A B) =
2{51— AlXi)OT (%) + Al A(x;) Al B(Xi)}
n +0F A(X; ) OF g(X;)

lz W
n = <(5|' A(Xi))2+(é1 A(Xi))2+(a: A(Xi))2> “)
+<(éT a(%;) +(d B(Xi))2+(ﬂ: B(Xi))2>

w,e[0,1],i=1,2,...,nand X W, =1. Ifwe takew,= =, i= 1, 2,..., n, then DICurns(A, B) = DICrns(A,B)

S|

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

Proposition 6:

1. 0< DIC xys(AB) <1

2. DICygys(A B) = DICypns(B, A)

3. D|CWRN5(A, B) = 1, iffA=B

4. 1fCisaWRNSinYand AcB cCthen, D|CWRN5(A, C) < D|CWRN3(A, B) s and D|CWRN5(A, C) < D|CWRN5(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 A:<(IA(xi),lA(xi),EA(xi)),('FA(xi),I_A(xi),EA(xi))> and
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B= <(IB(Xi)vI_B(Xi)!EB(Xi)),(-FB(Xi),TB(Xi),EB(Xi))> in X = {X4, X2, ..., Xn). A Jaccard similarity measure between

two rough neutrosophic sets A and B is dedfined as follows:
IACqs(A B) =

{ﬂ AlX) ST (%) + 1 A(X;) A B(Xi)}

o ) OF .
%Zin:l + A(XI) B(XI)

[(éT AOG) P+ 4(x) P +(oF A(Xi))z] 9
07 o) P40 o) 40 )
_FT AXi) ST g(Xi) + A o(X;) A B(Xi):|

+0F A(%;) F g(X;)

Proposition 7
Let A and B be rough neutrosophic sets then
1. 0<JACR\s(AB)<1

2. JACgns (A, B) =JAC,s(B, A)
3. JACmns(A, B) =1, iffA=B
4. 1fCisaRNSinYand AcBcC then, JACRNs(A, C) < JACRNs(A, B) s 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 JACgrns(A, B) = 1. On the other hand if JACrns(A, B) =1 then,

OT A(Xi) =0T g(X;) A A )= g(X;) » F AX;) =F o(X;) e,

TA06) =Tg(x) Talx) =Tg(x), Lalx) =1 (X)), Ta(X) =15 (%), Ea(X) =Fg(x;), FA(X) =Fg(X)
This implies that A = B.

4.1f AcBcC, then we can write T ,(x;) <T 5(x) <T(x;) ,'FA(xi) S?B(xi) s?c () La(x)=1g(x) 21 (X)),

1,00 2 1506) 2 1504) , Fa(%) 2 Fg(%) 2 Fc (%), Fa(x) 2 Fg(x) = Fe(x,).
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:

IACugns (A B) =

{éT A(X) AT (%) + 1 A(X;) A B(Xi)}
+0F A(X;) OF g(X;)

1 n
i S W
n Zl—l i

67 ) P+(61 00 P+(6F 3] ©
+[(‘5T B(Xi))z+(51 B(Xi))2+(é]: B(Xi))z]
| 0T a(Xi) T g(Xi) + A a(X; ) A g(X;)

+0F A(X; ) F (X))

W; 6[0,1] ,1=1,2,...,nand Zin:lWi =1. If we take Wi=l ,i=1,2,...,n, then JACWRNs(A, B) = JACRNs(A,B)
n

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

Proposition 8

1. 0<JACrns(AB)<1

2. JACygys(A B) = JACyrps(B. A)
3. DWRNS(A, B) = l, iffA=B

4. If CisaWRNS inY and Ac B <=C 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, Az, ..., Am be a discrete set of candidates, C1, Co, ..., Cn be the set of criteria, and By, B, ..., B 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 A; (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

D :<Qijraij>mxn =
Cy C, Ch
A <Q111611> <Q12v612> <Q1nvaln>
Ay <921:az1> <szyazz> <g2n’62n> @

P T P R P

Here <gi,.,ai,.> 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 C; (i = 1, 2, ..., n) and alternative B (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

D:<£ijrgij>nxk =
B, B, B,
Cy <§117511> <§121512> <§lkrglk>
C, <§21vgzl> <§22v6;22> <§2klgzk> (8)

Cn <§nlvgn1> <§n215n2> <§nk r‘.!_tnk>
Here <§ij,2ij> is rough neutrosophic number associated with the i-th alternative and the j-th attribute.

Hered;;, ai,. and &, Eij 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 DICgs(A, B) and JACg\s(A, B) 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 = {P4, P, 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 P4, P,, and P5 suffer from viral
fever. the proper medical diagnosis. The highest rough Jaccard similarity measure (see the Table 6) reflects that three
patients P4, P,, and P suffer from viral fever. Therefore, all three patients P4, P,, and P5 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 5: The rough Dice similarity measure between Relation-1 and Relation-2

Rough Dice | Viral Fever | Malaria | Stomach problem Chest problem
similarity measure

P1 0.9395 0.8419 0.8469 0.8721

P2 0.9317 0.8456 0.8204 0.8047

Ps 0.9177 0.8136 0.8112 0.8516

Relation-1 | Temperature Headache Stomach pain cough Chest pain
Py (0.6,0.4,0.3), (0.4,0.4,0.4), (0.5,0.3,0.2), (0.6,0.2,0.4), (0.4,0.4,0.4),
<(0.8,0.2,0.1) > <(O.6,0.2,0.2) > <(o.7,o.1,o.2) > <(O.8,0.0,0.2) > < (0.6,0.2,0.2) >
P2 (0.5,0.3,0.4), (0.5,0.5,0.3), (0.5,0.3,0.4),\ | /(0.5,0.3,0.3), (0.5,0.3,0.3),
<(0.7,o.3,o.2) > <(o.7,o.3,o 3) > <(o.7,o.1,0.4) > <(0.9,o.1,0.3) > < 0.7,0.1,0.3 >
P3 (0.6,0.4,0.4) (0.5,0.2,0.3), (0.4,0.3,04),\ | /(0.6,0.1,0.4), 0.5,0.3,0.3),
<(O.8,0.2,0.2) > <(o.7,o.o,0 1) > <(0.8,0.1,0.2) > <(0.8,0.1,0.2) > < (0.7,0.1,0.1) >
Table 4: (Relation-2) The relation between symptoms and diseases
Relation-2 Viral Fever Malaria Stomach Chest problem
problem
Temperature (0.6,0.5,0.4), (0.1,0.4,0.4), (0.3,0.4,0.4), (0.2,0.4,0.6),
<(080302)> <(o.5,o.2,o.2)> <(050202)> <(040404)>
Headache (0.5,0.3,0.4), (0.2,0.3,0.4), (0.2,0.3,0.3), (0.1,0.5,0.5),
<(o 7,03,0.2) > <(0.6,0.3,0.2) > <(0.4,0.1,0 1) > <(0 5,0.3,0.3) >
Stomach pain | /(0.2,0.3,0.4), (0.1,0.4,0.4), (0.4,0.3,0.4), (0.1,0.4,0.6),
<(0 4,0.3,0.2) > <(0.3,0.2,0.2) > <(0.6,0.1,0.2) > <(o 3,0.2,0.4) >
Cough (0.4,0.3,0.3), (0.3,0.3,0.3), (0.1,0.6,0.6), (0.5,0.3,0.4),
<(o 6,0.1,0.1) > <(o.5,o.1,o.3) > <(o.3,o.4,o.4) > <(o 7,0.1,0.2) >
Chest pain (0.2,0.4,0.4), (0.1,0.3,0.3), (0.1,0.4,04), (0.4,0.4,0.4),
<(o 4,0.2,0.2) <(o.3,0.1,o.1) > <(o.3,0.2,o.2) > < 0.6,0.2,0.2) >
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Table 6: The rough Jaccard similarity measure between Relation-1 and Relation-2
Rough Jaccard | Viral Fever | Malaria | Stomach problem Chest problem
similarity measure

P1 0.8903 0.7375 0.7538 0.7943
P2 0.8770 0.7202 0.7168 0.6181
Ps 0.8525 0.6920 0.7400 0.7561

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

Rough Cosine | Viral Fever | Malaria | Stomach problem Chest problem

similarity measure

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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