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In this paper, we define the rough neutrosophic relation of two universe sets
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l. INTRODUCTION

Rough set theory [12] proposed by Pawlak in about 1980s, is used to handle the
redundancies, uncertainties and incorrectness in data mining, as design databases [7] or information
systems [8]. This theory has been well developed in both theories and applications. Along with the
study of the individual properties of rough set theory, the rough set theory in combination with
neutrosophic set theory [18] also gains great interest of researchers and becomes a useful tool in
exploring the feature selection, the clustering, the control problem, etc. The combination of fuzzy
sets and rough sets lead to two concepts [17]: rough fuzzy sets and fuzzy rough sets. Rough fuzzy
sets [6, 15, 17, 18 ] are the fuzzy sets approximated in the crisp approximation spaces and fuzzy
rough sets [8] are the crisp sets approximated in the fuzzy approximation spaces. One of the
interesting generalizations of the theory of fuzzy sets and intuitionistic fuzzy sets is the theory of
neutrosophic sets introduced by F. Smarandache [13], [14].

Neutrosophic sets described by three functions: a membership function indeterminacy
function and a non-membership function that are independently related. The theory of neutrosophic
set have achieved great success in various areas such as medical diagnosis [1], database [5], [6],
topology [3, 9], image processing [10], [11], [19], and decision making problem [17]. While the
neutrosophic set is a powerful tool to deal with indeterminate and inconsistent data, the theory of
rough sets is a powerful mathematical tool to deal with incompleteness. Neutrosophic sets and
rough sets are two different topics, none conflicts the other. While the neutrosophic set is a
powerful tool to deal with indeterminate and inconsistent data, the theory of rough sets is a
powerful mathematical tool to deal with incompleteness. By combining the Neutrosophic sets and
rough sets the rough sets in neutrosophic approximation space [2] and Neutrosophic neutrosophic
rough sets [4] were introduced. The main objective of this study is to introduce a new hybrid
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intelligent structure called rough neutrosophic relations on the Cartesian product of two universe
sets, and subsequently their properties are examined. The significance of introducing hybrid set
structures is that the computational techniques based on any one of these structures alone will not
always yield the best results but a fusion of two or more of them can often give better results.

The remaining parts of this paper are organized as following: rough neutrosophic sets are
re-introduced. After studying the rough neutrosophic relation and its properties composition of two
rough neutrosophic relation and inverse rough neutrosophic relation are presented and at last the
reflexive, symmetric, transitive rough neutrosophic relations are studied. Finally, we propose the
similarity rough neutrosophic relation.

2 PRELIMINARIES

Definition 2.1[13] A neutrosophic set A on the universe of discourse X is defined as A =

(x, Ty (%), 14 (), F4 (x)),x € X, Where T,I,F:X =]0,1°[ and O<T,(X)+1,(X)+ F,(x)<3".
Definition 2.2:[12] Let U be any non empty set. Suppose R is an equivalence relation over U. For any
non null subset X of U, the sets

Aq(X) = {x: [x]r= X}

Ay(X) = {x: [x]rg X+ O}

are called lower approximation and upper approximation respectively of X and the pair

S= (U, R) is called approximation space. The equivalence relation R is called indiscernibility relation.
The pair A(X) = (A1(X), Ay(X)) is called the rough set of X in S. Here [x]z denotes the equivalence class
of R containing x

Definition 2.3[4]: Let U be a non-null set and R be an equivalence relation on U. Let A be a
neutrosophic set in U with the truth value T,(X), indeterminate value | ,(X) and false value F,(X)

. The lower and the upper approximations of A in the approximation (U, R) denoted by R(A) and

R(A) are respectively defined as follows:
R(A) ={X T (0 gy (¥ By )7y €[X]g, x €U}
R(A) = {X, Tga) (), Treay (X), Fpeay () 7'y € [X]g, x €U}

where :

Treay (¥) = A yepar Taly), s Treay (X) =A yepar 1aly), Freay(X)V yepr Faly)
Tﬁ(A) (X) =V yelxJR TA(y) ’ Iﬁ(A) (X) =V ye[x]R IA(y)l Fﬁ(A) (X) =A ye[xJR FA(y)

So O0<T_ , (X)+1z  (X)+F , (X)<3and 0<, Ty 0 (X) + lga) (X) + Fgay (X) <3 and

R(A) R(A) R(A)

|T§(A) (%), Iﬁ(/_\) (%), Fﬁ(A) (X)) Treay (%), Tagay (X), Freay (X) : A—[0,1]

Where “V “and “A “ mean “max” and “min “ operators respectively, , and are the truth,
indeterminacy and false values of y with respect to A. It is easy to see that R(A) and ﬁ(A) are two
neutrosophic sets in U ,thus NS mapping.

R(A)and ﬁ(A) : AN > AN are, respectively, referred to as the lower and upper rough NS
approximation operators, and the pair R(A)and ﬁ(A) is called the rough neutrosophic set
in (U, R).

From the above definition, we can see that R(A)and ﬁ(A) have constant membership on

the equivalence classes of U.
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3. NEUTROSOPHIC ROUGH SETS REDEFINED
Definition 3.1: Let U be a non-empty set of objects, R is an equivalence relation on U . Then the
space (U, R) is called an approximation space. Let X be a neutrosophic set on U . We define the
lower approximation and upper approximation of X , respectively,

T, (R(X)=1T, (U -R(X))=0, 0<T, (R(X)~R(X)) <1

I, R(X) =1, 1, (U~R(X))=0, 0<1, (R(X)-R(X)) <1

R (R(X))=0, F, (U-R(X)) =1 0<F, (R(X)~R(X)) <1.

The neutrosophic set X is called a rough neutrosophic set if Boundry (X) #¢.
Definition 3.2: Let X,Y be two rough neutrosophic sets then the Cartesian product of X and Y is
defined as
XxY ={(X,y)}:xeU,y eV} where
Ty (% y) = min{T, (x), T, (V)} 1.y (X, y) =min{l, (x), 1, (y)} and
Fuor (X y) = max{ Fy (x), F, ()}
Definition 3.3: Let X xY be the rough neutrosophic sets on U,V respectively. We call R cU xV
is a neutrosophic rough relation on based on U xV if it satisfy X xY

1L Ty (X% y)=1 for all (X,y) € XxY, where X xY =R, (X)xRv(Y),

T, (X, ¥) =0, for all (X,y) € X xY,where X xY zi(X)x§(Y),
0<Ty (X y) <1 o, o (X ¥) e XxY -XxY
2. 1,(X,y)=1,for all (X,y) e XxY, where X xY =Ry (X)xRv(Y),

I, (X, ¥) =0, for all (X,y)e X xY,where X xY =R, (X)xR,(Y),
0<1,(xYy)<1,for all (X y) e X xY =X x¥
3. R(X y)=0,for all (X,y) € XxY, where X xY =R, (X)xRv(Y),

F (X, y) =1, for all (X,y) e X xY,where X xY za(X)xﬁ(Y),
0<F (xY)<1,for all (X,y) € XxY - XxY

The conditions (1), (2) show that X xY is a rough neutrosophic set on U xV .
Definition 3.4: let R be a rough neutrosophic set on U xV based on X xY . For any real numbers
a, B,y —cut of relation R is defined as:
R(xy)=1oRXxy)za Ryxy)=1<RXxYy)28 R((XY)=0=R(Xy)2y
R,(x,yY)=0=R(xy)<a' Ry, (xy)=0=R(Xy)<p R(XYy)=1RXYy)<y’
Example 3.6: Let U ={1,2,3,4} and V ={16,7,8,9,10} be two universal sets and
Ry, ={(X,y) : xR, y}if x=y(mod2)} and R, ={(X,y): xR, y}if z=t(mod3)}, are equivalent
relations on respectively.
_(110) (050403) (L10) (080.70.3)

1 2 3 4
_(04030.1) (050505) (L10) (0.7.0.60.8) (LL0)

6 7 8 9 10

X

Y
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are rough neutrosophic sets on U,V respectively.

_(110) (050403 _(110)  (0504,03)

R, X

1 2 3 4
RY = (07,060.1)  (@110) (@10) (07.0601) (110)
0 78 9 10
And
R, (X) = (L10) (080703 (110) (080703
— 1 2 3 4
R, (Y)= (0.4,0(.53,0.8) N (0.5,0%5,0.5) N (1,;,0) . (0.4,053,0.8) .\ (o.s,ci.g,o.s) |

Here we can define a rough neutrosophic relation R by a matrix:
(0,0 (05,0505 (11,00 (0,01 (0.50.5,0.5)
(0,0, (0,0, (0,0)) (0,0, (0,0,
i (0,0 (05,0505 (11,00 (0,01 (0.50.5,0.5)
(0,0, (0,01 (0,0)) (0,0, (0,01
0,01 @10 @10 @100 (@10
_ |01 (001 (001 (001 (001
%7 1(0,00) (@LL0) (LL0) (0,01 (L10)
(0,01 (0,01 (0,01 (0,01 (0,01
Proposition 3.7: Let R, R, be two rough neutrosophic relations on U xV based on X XY . Then
R, AR, where
Te g, (6 Y) =min{Te (%, ¥), Tz, (X, ¥)}, Ig ., (X, ¥) =min{l; (X, y), I, (X, ¥)},
Fe g, (6 Y) = max{ R, (X,¥),F (X, ¥)} forall (x,y) €U xV ,is a rough neutrosophic set on
U xV basedon X xY .

Proof:
We show R, A R, that satisfy definition 2.4

1. since, To (X, ¥) =T (X, ¥) =1, for all (X,y) € XxY, then
Ter, (% Y) =min{T, (X,¥), T (X,y)}=1forall (X,y) € X xY .
since, Ty (X, Y) =Tg (X, ) =0, for all (X, y) eUxV — X xY, then
Te ., (X Y) = min{T, (X, Y), T (X, y)}=0forall (X, y) eUxV - XxY.
since, 0<min{T, (X, ¥), T, (X, Y)}<1, for all (X, y) € X xY = X xY , then
0 <Tg g, (% Y) =min{Tg (X, y), Tg, (X, y)} <Lforall (X, y) € X xY — X xY .
2. since, I (X, y)=1Ig (X y) =1, for all (X,y) € XxY, then
I, or, (% Y) =min{lg (X, y), I, (X, )} =1forall (X,y) € X xY .
since, I (X, ¥) =g, (X, ¥) =0, for all (X, y) eUxV —XxY, then
e, r, (% Y) = min{l; (X, Y), I (X, Y)}=0forall (X, y) eUxV - XxY.

M(R)
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since, 0<min{l, (X, y), Iy, (X, Y)}<1, for all (X, y) € XxY = X xY , then
0<lg 5, (X Y)=min I (X, ¥), Ig (X, y)}<1forall (x,y) e X xY = XxY.
3. Since, (X, ¥)=F (X,y) =0, for all (X,y) € XxY, then
Fa e, (% Y) = min{F, (X, ¥), F; (X, ¥)}=0forall (X,y) € XxY .
Since, K, (X, y) =F, (X, y) =1, for all (X,y) eUxV — X xY, then
Fe e, (X Y) = min{F, (x,y), Fy (X, y)}=1forall (x,y) eUxV - XxY.
since, 0<min{l, (X, ¥), Iy, (X, Y)}<1, for all (X, y) € X xY = X xY , then
0 < Fg g, (X y)=min{F, (x,y), R (X, ¥)}<Lforall (x,y) e W—M.
Proposition 3.8: Let R, R, be two rough neutrosophic relations on U xV based on X xY .
Then R v R,where
Tavr, (% Y) =max{Te (X,¥),Te, (X, YD}, Tg or, (X, Y) = max{lg (X, Y), 1 (X, ¥)},
Feur, (X Y) = min{F; (X, Y), Fg, (X, Y)} forall (x,y) eU xV is a rough neutrosophic set on

U xV based on X xY .
We show R, v R, is satisfied in Definition 3.4 indeed:

1. since, To (X, Y) =T (X, ¥) =1, for all (X,y) € XxY, then
Tevr, (X Y) = max{Tg (X, ¥), Tg, (X, y)}=1forall (X, y) € X xY .
since, T (X, Y) =Tg (X, ) =0, for all (X, y) eUxV = X xY, then
Teur, (X Y) = max{Tg (X, ¥), Tg, (X, ¥)}=0forall (X, y) eUxV - XxY.
Since, 0 <max{T (X, ¥), T, (X, )} <1, for all (X, y) € W—M, then

0 <Tg g, (X, y) =max{Tg (X, ), Tg, (X, ¥)} <1forall (X, y) € X xY — X xY .
2. since, I (X, y) =1Ig (X, ¥) =1, for all (X,y) € XxY, then

I, ., (X Y) =min{l; (X, Y), Ig (X, y)}=1forall (X,y) € X xY .

since, Ig (X, ¥) =g, (X, ¥) =0, for all (X, y) eUxV —XxY, then

le.or, (% Y) = max{lg (X, ¥), Ig (X, ¥)}=0forall (x,y) eUxV - XxY.

Since, 0 <max{1 (X, y), Iz, (X, ¥)}<1,for all (X,y) € XxY =X xY, then

0 <lg g, (% y) =max{l; (X, y), Ig, (X, ¥)}<1forall (X, y) e W—M.
3. Since, K (X, ¥)=F (X,y) =0, for all (X,y) € XxY, then

Fa g, (% Y) =max{F; (X, y), Ry (X, y)}=0forall (X,y) € XxY.

Since, K, (X, y) =F, (X, y) =1, for all (X,y) €U xV — X xY, then

Fevr, (% Y) =max{F, (X, ), Ry (X, y)}=1forall (X,y) eUxV - X xY.

Since, 0 <max{F, (X, y), F, (X, ¥)} <1, for all (X, y) € XxY =X xY, then
0 <R 5 (X y) =max{F, (X,y), Fy, (X ¥)}<1forall (X,y) € XxY — X xY .
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Lemma 3.9:1f 0 <a,b <1 then

i) 0<ab <1 (obvious)
i)0<a+b—-ab<1
Indeed, since0 < a,b <1 then

a+b22\/£>2ab>ab>0,
therefore 0 <a+b—-ab>0.
On the other hand1l—(a+b—ab)=(1-a)(1-b) >0

then a+b—-ab<1.

The following properties of rough neutrosophic relations are obtained by using these algebraic
results:

Proposition 3.10: Let Rl, R2 be two rough neutrosophic relations on U XV based on X xY .
Then R, ® R, where

Taor, 6 Y)=Te (X, Y)oTo (X, ¥), lTger, (X, ¥)=1g (X, Y) el (X Y),

Frer, (X Y) =Fg (X, y) o Fg (X, Y) forall (x,y) €U xV is arough neutrosophic set on U xV
based on X xY .

Proof. The relation R; ® R, is satisfied in Definition 2.4.

1. since, To (X, ¥) =T (X, ¥) =1, for all (X,y) € X xY, then
Tror, (X Y) =T (X, Y) o Te (X, y) =1forall (x,y) e XxY.
Since, T (X, Y) =Tg (X, ) =0, for all (X, y) eUxV = X xY, then
Tror, (X Y)=Tg (X, ¥)oTe (X, y)=0forall (X,y) eUxV - X xY,

Since, 0<Tg (X, ¥), T, (X, ¥) <1, for all (X, y) € XxY =X xY, then

0<Tper, (X Y)=Tg (X, y)oT, (X, y) <1forall (X, y) e W—M.
(by Lemma 3.9-(i))
2. since, I (X, ¥) = Ig (X, ¥) =1, for all (X,y) € XxY, then
Ior, (% Y) =1g (X, y)elg (X, y)=1forall (x,y) e XxY.
since, Ig (X, Y) =1g, (X, y) =0, for all (X, y) eUxV —XxY, then
I or, (X Y)=1g (X, ¥) el (X, y)=0forall (X, y) eUxV - XxY.

Since, 0< I (X, ), g, (X, ¥) <1, for all (X,y) € X xY =X xY, then

0<lger, (X Y)=1g (X, y)el (X y)<lforal (X, y) em—m.
(by Lemma 3.9-(i))

3. Since, K, (X, ¥)=F (X, y¥) =0, for all (X,y) € XxY, then
Froor, (6 Y) =Fg (X, y) o Fe (X, y) =0forall (X,y) e XxY.
Since, K, (X, y) =F, (X, y) =1, for all (X,y) eUxV — X xY, then
Froor, 6 Y) =Fg (X, y) o Fe (X, y)=1forall (X, y) eUxV — X xY.
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Since, 0 <Fy (X, ¥), Fg, (X, y) <1, for all (X,y) € XxY = X xY, then

0<Fger, (X, Y)=Fg (X, y) o Fg (X, y) <1forall (X, y) e XxY = XxY.
(by Lemma 3.9-(i))
Proposition 3.11: Let R}, R, be two rough neutrosophic relations on U xV based on X xY .

Then R, @ R, where
Toor, (% Y) =Tg (X, Y)+Tg, (% Y)=Tg (X, y) o Tg, (X, ),
I er, (X, y)= I, (X, y)+ I, X, y)- I, (X, y)e e, (X, Y),

Fr or, (X, y)= Fa, (X, y)+ Fg, (X, y)— Fr, (X, y)e Fg, (X, y)

forall (X,y) €U xV is a rough neutrosophic set on U xV based on X xY .
Proof.

The relation R, @ R, is satisfied in Definition 2.4.

1. since, To (X, Y) =Tg (X, ¥) =1, for all (X,y) € X XY, then
Teer, (X Y) =T (X, ) +Tg (X, ¥)=Tg (X, y) Tg, (X, y) =1forall (x,y) € X xY .
since, Tp (X, ¥) =T (X, ¥) =0, for all (X, y) eUxV — X xY, then
Tror, (% Y) =To (%, Y) +Tg (% Y) =Tg (X, ¥) @ Tg (X, y) =0forall
(X, y) eUxV —XxY.
Since, 0<Ty (X, ¥), Ty, (X, y) <1, for all (X, ¥) € XxY — X xY, then
0<Trer, (X, Y)=Tg (X ¥)+Tg, (X, ¥) =T (X, y) 0T (X, y) <1forall
(x,y) e W—M .(by Lemma 2.9-(ii))
2. since, I (X, y) =1Ig (X, ¥) =1, for all (X,y) € XxY, then
Iror, (X Y)=1g (X Y)+ 1 (X, Y) =g (X, y) ol (X, y) =1forall (X, y) € X XY .
since, Ig (X, ¥) =g, (X, ¥) =0, for all (X, y) €U xV —XxY, then
lror, (6 Y) = 1g (X Y)+1g, (X, ¥) =g (X, y) @ lg, (X, y) = Oforall
(X, y) eUxV - XxY.
Since, 0< I (X, ), g, (X, ¥) <1, for all (X,Y) em—m, then
0<lgar, (X Y)=1g (X, Y)+1g (X Y)—1Ig (X, y)elg (X, y) <Lforall
(X, y) € X xY — X xY .(by Lemma 2.9-(ii))
3. Since, F(X,¥Y)=F (X,y) =0, for all (X,y) e XxY, then

Fror, (X ¥)=Fg (X, ¥)+Fg (X, ) —Fg (X, y) o Fy (X, y) =0forall (X,y) € X xY .

Since, K, (X, y) =F, (X, y) =1, for all (X,y) eUxV — X xY, then
Froor, 6 Y)=Fg (X, y)+Fg (X ) —Fg (X, y) o F (X, y) =1for all
(x,y) eUxV - XxY.
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Since, 0 <Fy (X, ¥), Fg, (X, y) <1, for all (X,y) € XxY = X xY, then
0<Fgper, (X ¥)=Fg (X y)+Fg (X, ¥)—Fg (X, y) o Fg (X, y) <1forall

(X,y) e XxY =X xY. (byLemma 2.9-(ii)).
4. COMPOSITION OF TWO ROUGH NEUTROSOPHIC RELATIONS
Let (U,V,W) be the universal sets. R;, R, are two rough neutrosophic relations on U xV,V xW

basedon X xY,Y xZ respectively.

Definition 4.1: Composition of two rough neutrosophic relations R;, R, denote R, 0 R, which
defined on U x\W based on X xZ where

Tror, (% Y) =max ., {min[T, (X, y), T, (v, 2)]},

Iz 08, (X Y) =max, o, {min[l; (x,y), 15, (y,2)]},

Feor, (X y) =min  {max{ Fg (X, y), Fg, (. 2)]}.

forall (x,z) eU xW .

Proposition 4.2: R, O R, is a rough neutrosophic relation which defined on U xW based on

XxZ.
Proof.

1. Since R, R, are two rough neutrosophic relations on U xV,V xW based on
X xY,Y x Z respectively. Then Tg (X, ¥), Ty (X, ¥) =1, for all (X,y) € XxY, and
(y,2) €Y xZ . We denote
Tryor, (X Y) = max o, {min ). [Te, (6 ), Te, (¥, 2)1} =

max yex{min(x,z)eﬂ [TR1 (X, y)nTR2 (v, 2)I}v maXVEV—X{min(X,Z)Eﬂ[TRl (X, Y)’TR2 (v. )1}
=1,forall (X,z) e XxZ.

2. Notethat Tp (X,¥),Tg (X, y) =Oforall (X,y) €U xV — X xY and
(y,2) eV xW —Y xZ.
We consider
Te.or, (X Z) =max ., {Min , v -xz [T, (% ¥) Te, (¥, 21}
Forall (X,z) eU xW — X xZ, it exists X & Rr(X) so (X,V) €U xV — X xY and
T (X,V)=0
Forall veV . Similarly, it exists Z ¢ ﬁR(Z) so (X,V) eV xW ~Y xZ and Tg, (v, 2) =0,
forallveV.
Hence MiN , ) ..7 [Tg (X, V), Tg (v, 2)] =0, forall (x,z) e U xW —XxZ.
3.  We must prove
0 < max . {min[T, (X, y), Tp, (X, Y)I}<1, forall XxZ -XxZ.
Since (X,Z) g X xZ then atleast exist X X =R (X)or z¢Z =Ry (Z).
So that min[T, (X, ¥), T, (Y, 2)]<1,forall yeY .

On the other hand, T (X,V) =Ty (v,2)=0, forall (X,z) eU xW — X xZ and veV
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then we have 0 <min[Tg (X, Y), T (Y, 2)]<1forall (x,2) e XxZ—-XxZ and yeY.
Hence, we have 0 <max,_{min[T. (X, y), Ty (X, ¥)I} <lor 0<Tg .o (X,2) <1 forall
(X,2)eX xZ-XxZ.
Similarly we can prove
0<max . {min[lg (X, y), I, (X, Y)I}<lor 0<Ig . (X,2) <1 forall
(X,2)eX xZ-XxZ.
0<min _ {max{ F; (X, ¥), Fg, (X ¥)I}<lor 0< Fg e (X,2) <1 forall
(X,2)eX xZ-XxZ.
Proposition 4. 3: Let U,V,W,W  be the universe sets are rough neutrosophic relations on
U xV,V xW W xW' basedon X xY,Y xZ,Z xZ' respectively. Then
(RLoR,)0R, =R, 0(R,0R;).
Proof.
Forall xeU,yeV,zeW,tgW', we have

TRlo(RzoRS) (X't) = max yev {min[TR1 (X’ y)’TR20R3 (y, t)]}

=max ., {min[Tg, (X, y), max ., {min[Ty, (y,2),Te, (z.01}}}
=max, ., {min{max ., {min[T,, (y.2),Ts (z.01}}}
=Mmax ;. {MIn[Tg o, (%, ¥), Te, (¥, OI}
=T(Ror, )R, (x,1)
Similarly,
I Reo(R,0R) (x,t) = | (R.0R,)oR, (x1).
FRIO(R20R3) (X,t) = Figor,)0r, (X%:1).

We note that R,;0R, #R,0R,, because the composition of two rough neutrosophic relations

R, R, exists but the composition of two rough neutrosophic relations R,, R, does not exist
necessarily.
5. INVERSE ROUGH NEUTROSOPHIC RELATION

Let X and Y be the two rough neutrosophic sets on U andV , respectively. R =U xV is a rough
neutrosophic relation on U xV based on X xY . Then we define R™ <V xU is a rough

neutrosophic relation on V xU based on Y x X as following:
T () =To (X y), 1. (¥, X) =1 (x,y)and F_, (y,X) = F (X, y) forall (x,y) eV xU .

Definition 5.1: The relation R™"is called the inverse rough neutrosophic relation of R.
Proposition 5.2:

M  (R)'=R.

(ii) Let R, R, be two rough neutrosophic relations on U xV,V xW based on
X xY,Y xZ, respectively. Then (R, 0R,)* =R, " oR, .

Proof.

(i) Ty (X Y) =T (¥, X) =To (X, y) =1, forall (x,y) € X xY
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T(R_l)_l(x, V) =T . (¥, X)=Te(X,y) =0, forall (x,y) eUxV - X xY .

0<T (X V) =T a (¥, X) =Tg(x,y) <1

It means (R ™' =R.
(i) Forall xeU,yeV,zeW, we have

T(R10R2)71 (Z’ X) :T(RloRz) (X’ Z)
= e, {min[Ty, (% .). T, (v 2}

=max ., {min[T, (z,v,), T, (Y, X}
=T E) 71(Z,X)

R, "ORy
That means (R, 0R,) ™" =R, "O0R, .
Similarly we can prove for indeterminacy and falsity functions.
In the same way, the representation of neutrosphic relation , we can represent the rough

neutrosophic relation R by using matrix M (R). So that, the inverse rough neutrosphic relation

R of rough neutrosphic relation R by using matrix M (R)t , it is the transposition of the matrix
M(R).

Example 5.3

Consider the Example 3.5,

we define a rough neutrosophic relation R by a matrix:

0 (0.50505) (L10) 0 (0.50.50.5)

(R - 0 0 0 0
|0 (050505 (LL0) 0 (0.505,0.5)
0 0 0 0 0

Then R7'is aninverse rough neutrosophic relation of R , it is represented by using matrix

(0,0, (0,0, (0,0, (0,0) (0,00
(0.5,0.5,05) (0,01 (0.50.50.5) (0,01 (0,0

(0,0, (0,0, (0,0, (0,0) (0,00
(0.5,0.5,0.5) (0,01 (0.50.50.5 (0,01 (0,00
6. THE REFLEXIVE, SYMMETRIC, TRANSITIVE ROUGH NEUTROSOPHIC RELATION
In this section, we consider some properties of rough neutrosophic relation on a set, such as

M(R)=M(R)'=

reflexive, symmetric, transitive properties.

Let (U, R) be a crisp approximation space and X is a rough neutrosophic set on (U,R). We
consider rough neutrosophic relation in Definition 3.1 inthe case U =V,R, =R, =R, and X =Y

. From here onwards, the rough neutrosophic relation R is called rough neutrosophic relation on
(U, R) based on the rough neutrosophic set X .

Definition 6.1: The rough neutrosophic relation R is said to be reflexive rough neutrosophic relation
if To(x,x) =1, 1,(X,X) =1, F;(X,X) =0 forall (x,x) eU xU..
Proposition 6.2: Let R, R, be two rough neutrosophic relation on U based X . If R, R, are the

reflexive rough neutrosophic relations thenalsoR; AR,, R, VR,, R, ®R,, R, ®R,, R, 0R,also.

Proof:
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If R;, R, are the reflexive rough neutrosophic relations then T, (X, X), T, (X, X) =1for all

(x,x) eU xU,T, (x) >0. We have

Te g, (% X) =min{T, (X, X), T (X, X)}=1 forall (x,x) eU=xU,T, (x)>0and R, AR,

is reflexive rough neutrosophic relation.

T, (% X) = max{Ty (X, X), Tg (X, X)}=1forall (X,X) €U xU,T, (x) >0and R, VR,

is reflexive rough neutrosophic relation.

Tror, (6 X) =T (X,X), T (X, X) =1 forall (X,X) eU xU,T, (x) >0and R, ®R,

is reflexive rough neutrosophic relation.

Trer, (6 X) =Tg (%, X) + T (X,X) =T (X, X) # T (X, X) =1forall (x,x) eU xU,T, (x) >0and
R, @ R, is reflexive rough neutrosophic relation.

Tror, (X X) =max ., {min[T, (x,x), Ty (X,x)]}=1forall (x,x) €U xU,T, (X) >0 and R, OR,

is reflexive rough neutrosophic relation.

Similarly we can prove for indeterminacy and falsity functions

Definition 6.3:

The rough neutrosophic relation R is said to be a-reflexive rough neutrosophic relation where

a=ming,, ., o if To(X,Y)e; forall (x,y)eUxU,ye[x]g and T, (x)>0.

Proposition 6.4: Let R, R, be two rough neutrosophic relation on based . If R , R, are the a-
reflexive rough neutrosophic relations then R, AR,, R; v R, also.

Proof:

If R, R, are the a-reflexive rough neutrosophic relations then Tp, (X, y) =Ty (X;,y) = @ where
a=ming,, ., o if To (%,Y)=Tg (X,Y)=q forall (X;,y) €U xU,ye[x]; and T, (x) >0.
We have

TRl/\RZ (%, y)= min{TRl (%, Y)’TRZ X, N}=«a

Where o =min, | ., a;if To (X, y) =Tg (X, ¥) =a; forall (x;,y) €U xU,y e[x]z and

T, (X) >0 forall (x,x) eUxU, T, (x)>0 and R, AR, a-reflexive rough neutrosophic relation.
Taor, (X0 Y) =max{Ty (X, ¥),Tg, (X, V)}=a

Where o =min,, _, a;if Tp (X, Y) =T (X, y) =¢; forall (X;,y) €U xU,y €[] and

T, (X) >0 forall (x,x) eUxU, T, (x)>0 and R, v R, a-reflexive rough neutrosophic relation.

Similarly we can prove for indeterminacy and falsity functions
Definition 6.5: The rough neutrosophic relation R is said to be symmetric rough neutrosophic

relation if Ty (X, y) =Tz (X, y) forall (x,,y) €U xU.

Note: If R is a symmetric rough neutrosophic relation then matrix M(R) is a symmetric matrix.
Proposition 6.6: Let R, R, be two rough neutrosophic relation on U based X . If R, R, are the
symmetric rough neutrosophic relations thenalsoR, AR,, R, VR,, RRL®R,, R, ®R,, R, 0R,

also.
Definition 6.7: The rough neutrosophic relation R is said to be transitive rough neutrosophic

relationif RORcR.
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7. SIMILARITY ROUGH NEUTROSOPHIC RELATION

Definition 7.1: The rough neutrosophic relation R on U based on the rough neutrosophic set X is
called a similarity rough neutrosophic relation if it has the reflexive, symmetric, transitive.
Definition 7.2: The rough neutrosophic relation R on U based on the rough neutrosophic set X is
called a a- similarity rough neutrosophic relation if it has the a-reflexive, symmetric, transitive.
Now, we consider an illustration example.

Example 7.3: We consider the decision system in Table 1. In which is the collection of condition
attributes and is the decision attribute.

Table 1
u A B C D
U, | (0.1,0.3,0.6) | (0.2,0.5,0.3) | (0.3,0.4,0.5) | Y
U, | (0.1,0.4,0.5) | (0.3,0.4,0.3) | (0.4,0.50.2) | N
Us; | (0.2,0.4,0.4) | (0.3,0.5,0.2) | (0.5,0.8,0.6) | Y
U, | (0.2,0.7,0.1) | (0.3,0.3,0.4) | (0.5,0.3,0.3) | Y
Us | (0.6,0.4,0.1) | (0.4,0.2,0.4) | (0.3,09,0.1) | N

Let R=IND(A, B, C) is an equivalence relation on U. (U, R) is a crisp approximation space.

Let U={ U, U, U3 U, Us}and (U, R) is a crisp approximation space and

U/R={ U: U, }{U3, U, UsH

We consider

_ (050400 (020.304) (110) (110) (LL0)

U, U, u, U, U

We compute

- (07,060.0) (LL0) (L10) (0.7.060.1) (LL0)
U, u, U, u, U,

. (07,060.0) (LL0) (L10) (0.7.060.1) (LL0)
U, u, U, u, U,

F

is a neutrosphic set in U.

R, (F

R, (F

We, W(F) =R, (F), sois not a rough neutrosophic set on U.

We consider
_(05040.0) (020304) (110) (05051 (110)
U, U, U, U, U,

We compute

F

is a neutrosphic set in U.

R, (F) = (0.7060.) (110) (LL0) (05051  (L10)
— U, u, U, u, U,
() - (0.7060.) (LL0) (L10)  (LL0)  (L10)

U, u, U, U, U,

It is easy that, R_V(F) # R, (F), so is a rough neutrosophic set on U.
We canput Tp (Us,Us5) =1; Tp (u;,u;) =1 1g (Us,Us) =1; I (ui’ui)zland
Fr, (Us,Us) =0; Fs (u;,u;) =0ifandij=1,2and 0>Ty (U;,u;), lg (U, u;), Fe (U u;)>1in

the other cases.
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[(110) (110) r, 1, g
(110) (@LO) ry; 1y Ty
M (RF )= I3 EP) ECRRE Fas
I P Fas Tas Vs
R I, 55 Tsy (1’1’0)_

We have R is a rough neutrosophic relation on U based on F.

(110) , (050505)  (L10)  (LL0) , (L10)

Consider =F, =

U, U, u, U, U,
R, (F,) = &0 , (10) (050505) (050505) (110)
— u, U, U, u, U,

(11,0) N (L1,0) N (L1,0) N (L1,0) N (L1,0)

R (F)= u U, U, U, U
110) (LL0) (0,0 001  (L0)]
110 (110)  (001) (001  (110)

=M(R;,)= (001 (001 (0.50.505) (0.50.505) 0O
(0,01 (0,01 (050505 (050505 0
(1L10) (110) (0,00 001  (LL0)]

1
R is clearly the — - reflexive, symmetric rough neutrosophic relation.
2

"A10) (110) (0,00 0,01  (LL0)]
(110) (LL0) (0,01 0,01  (LL0)
Also M(R; °R.)=[(001) (001 (050505 (050505 0
(0,01 (0,01 (050505 (050505 0
(L10) (110) (0,00 001  (110)]

It is obvious that M (Rg, o Rg ) <M(Rg ) then M (R )is the transitive rough neutrosophic

1
relation; so that, isa M (RFz ) 5 similarity relation.
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