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Abstract. The concepts of rough neutrosophic multisets can be easily extended to a relation, mainly since a relation is also
a set, i.e. a subset of a Cartesian product. Therefore, the objective of this paper is to define the definition of rough
neutrosophic multisets relation of Cartesian product over a universal set. Some of the relation properties of rough
neutrosophic multisets such as max, min, the composition of two rough neutrosophic multisets relation, inverse rough
neutrosophic multisets relation, and reflexive, symmetric and transitive rough neutrosophic multisets relation over the
universe are defined. Subsequently, their properties are successfully proven. Finally, the application of rough neutrosophic
multisets relation for decision making in marketing strategy is presented.
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1 Introduction

Imperfect information resulted in an incomplete, imprecision, inconsistency and uncertainty information
whereby all the condition must be overcome to represent the perfect information. A relation between each
information from the same universe or object is also an important criterion of the information to explain the
strong relationship element between them. Fuzzy sets as defined by Zadeh [1] has been used to model the
imperfect information especially for uncertainty types of information by representing the membership value
between [0, 1]. This indicates the human thinking opinion by replacing the information of linguistic value.
Many theories were later introduced with the aim of establishing a fuzzy relation structure [2]. Attanassov
introduced an intuitionistic fuzzy set by generalizing the theory of fuzzy sets and introducing two grades of the
membership function, namely the degree of membership function and degree of non-membership function [3].
This theory has made the uncertainty decision more interesting. Meanwhile, Burillo et al. studied the
intuitionistic fuzzy relation with properties [4]. There are also another theory introduced for solving uncertainty
condition such as rough set [5] and soft set [6]. All these studies have extended to rough relation [7] and soft
set relation [8].

Smarandache introduced a neutrosophic set as a generalization of the intuitionistic fuzzy set theory [9]. He
believed that somehow in a life situation, especially for uncertainty condition, there also exist in-between
(indeterminacy) opinion or unexpected condition that cannot be controlled. Instead of two grades of the
membership function, neutrosophic set introduced in-between (indeterminacy) function where there exists an
element which consists of a set of truth membership function (T), indeterminacy function (I) and falsity
membership function (F). Compared to other uncertainty theories, the neutrosophic set can deal with
indeterminacy situation. The study in neutrosophic relation with properties are also discussed [10], [11].

Later, Smarandache et al. refined T, I, Fto Ty, T, ..., Tmand Iy, Io, ..., Inand Fq, Fo, ..., Fr was also known
as a neutrosophic refined set or neutrosophic multisets [12], [13]. Instead of one-time occurring for each
element of T, I, F, the neutrosophic refined set allowed an element of T, I, F to occur more than once with
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possibly the same or different truth membership values, indeterminacy values, and falsity membership values.
The study of the neutrosophic refined set is a generalization of a multi fuzzy set [14] and intuitionistic fuzzy
multisets [15]. Later, Deli et al. have studied the relation on neutrosophic refined set with properties [16], [17].
Latest, Smarandache has discussed in detail about neutrosophic perspectives in theory and application parts for
neutrosophic triplets, neutrosophic duplets, neutrosophic multisets, hybrid operators and modal logic [18]. The
successful application of the neutrosophic refined set in multi criteria decision making problem such as in
medical diagnosis and selection problem [13], [19]-[25] has made this theory more applicable in decision
making area.

Hybrid theories of uncertainty and imprecision condition were introduced, especially with rough set theory,
such as rough fuzzy set and fuzzy rough set [26], rough intuitionistic fuzzy set [27], intuitionistic rough fuzzy
set [28], rough neutrosophic set [29], neutrosophic rough set [30], interval rough neutrosophic set [31], rough
neutrosophic soft set [32], rough bipolar neutrosophic set [33], single valued neutrosophic rough set model
[34] and rough neutrosophic multiset [35]. This is because a rough set theory can handle the imprecision
condition from the existence of a value which cannot be measured with suitable precision. Samanta et al. have
discussed the fuzzy rough relation on universe set and their properties [36]. Then, Xuan Thao et. al have
extended that concept by introducing the rough fuzzy relations on the Cartesian product of two universal sets
[37].

The hybrid theory of a rough set also gives a contribution for solving a problem in decision making area.
Some researchers already proved that hybrid theory such as rough neutrosophic set can handle the decision
making problem in order to get the best solution according to three membership degree (truth, indeterminate
and falsity) [38]-[44].

The objective of this paper is to define a rough neutrosophic multisets relation properties as a hovel notion.
This study also generalizes relation properties of a rough fuzzy relation, rough intuitionistic fuzzy relation and
rough neutrosophic relation over universal. Subsequently, their properties are examined.

The remaining parts of this paper are organized as follows. In section 2, some mathematical preliminary
concepts were recalled for a deeper understanding of rough neutrosophic multisets relations. Section 3
introduces the definition of rough neutrosophic multisets relation of Cartesian product on a universe set with
some examples. Related properties and operations are also investigated. Section 3 also defined the composition
of two rough neutrosophic multisets relation, inverse rough neutrosophic multisets relation and the reflexive,
symmetric and transitive rough neutrosophic multisets relation. Subsequently, their properties are examined.
In section 4, the rough neutrosophic multisets relation is represented as a marketing strategy by evaluating the
quality of the product. Finally, section 5 concludes the paper.

2 Preliminaries

In this section, some mathematical preliminary concepts were recalled to understanding more about rough
neutrosophic multisets relations.

Definition 2.1 ([10]) 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 fuzzy set on U. We define the lower and upper
approximation set and upper approximation of X, respectively

Ry (X) = {x € U:[x]z € X},

Ry(X) ={x €U:[x]x N X # 0}
where

TR_U(X) = infyeu{Tx(¥): y € [x]z},

Ty (X) = supyeu{Tx (¥):y € [x]z}.

The boundary of X, BND(X) = Ry (X) — &(X). The fuzzy set X is called the rough fuzzy set if BND(X) #
0.

Definition 2.2 ([18]) 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 an intuitionistic fuzzy set on U. We define the lower and
upper approximation set and upper approximation of X, respectively

&(X) ={x e U:[x]g c X}

Ry(X) ={x € U:[x]x N X # 0},
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where

TR_U(X) = inf,eu{Tx(¥): y € [x]z},

Tﬁ(x) = sup,eu{Tx(¥):y € [x]z},

FIR_U(X) = supyey{Fx(¥):y € [x]z},

FE(X) = infyey{Tx(¥):y € [x]z}.
The boundary of X, BND (X) = Ry (X) — Ry (X). The intuitionistic fuzzy set X is called the rough intuitionistic
fuzzy set if BND (X) # 0. o

Definition 2.3 ([6]) Let U be a non-null set and R be an equivalence relation on U. Let A be neutrosophic set
in U with the membership function T, indeterminacy function I, and non-membership function F,. The lower

and the upper approximations of A in the approximation (U, R) denoted by N(A) and N (A) are respectively
defined as follows:

N(A) = {(x, (TE(A)(x)'Iﬂ(A)(x): FQ(A)(X),))b’ € [x]g, x € U},

N(A) = {(x, (T (), Iy (), Freay (), )|y € [x]g, x € U}
where

Ty (%) = Ayeirip TaO)s Ineay(X) = Vyelxip a0, Fuay (%) = Vyelxr FaO),

TN(A)(X) = Vyelr T,(y), IN(A)(X) = Nyelxlp L), FN(A)(X) = Nyelxlp F,(y).
such that,

Ty (x), Inca (x), Fya (x), TR (x):IN(A) (), F5a (x):A €[0,1],

0< TQ(A)(x) + IQ(A)(x) + FE(A)(JC) < 3and

0 < Tiay () + Ifa)(X) + Fra(x) <3

Here A and V denote “min” and “max’’ operators respectively, and [x]y is the equivalence class of the x. T, (y),
I,(y) and F,(y) are the membership sequences, indeterminacy sequences and non-membership sequences of
y with respect to A.

Since N(A) and N(A) are two neutrosophic sets in U, thus the neutrosophic set mappings N, N: N(U) —
N(U) are respectively referred as lower and upper rough neutrosophic set approximation operators, and the

pair of (M(A),N(A)) is called the rough neutrosophic set in (U, R).

Definition 2.4 ([1]) Let U be a non-null set and R be an equivalence relation on U. Let A be neutrosophic
multisets in U with the truth-membership sequence 7}, indeterminacy-membership sequences 7} and falsity-
membership sequences £, The lower and the upper approximations of A in the approximation (U, R) denoted
by Nm(A) and Nm(A) are respectively defined as follows:

Nm = {2, (Timeay GO Hom(ay ), Fitmeay ), |y € 2, x € U},
Nm(A) = {0, (T GO, i (0, i 00, ) |y € [l x € U}
where

i =1,2,..,p and positive integer

Thma ) = Myetxi TAD),
Ty ) = Vyerxp O,
Fm(ay®) = Vyelxig FAD),
Ty ) = Vyelat TAO),
By ) = Ayeta 1500,

E ziv_m(A) () = Ayerxlg FA0)-
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Here A and V denote “min” and “max’’ operators respectively, and [x] is the equivalence class of the x. T} (y),
Ii(y) and Fi(y) are the membership sequences, indeterminacy sequences and non-membership sequences of
y with respect to A.

It can be said that T 00 Ihmey (O Fimay @) €10,1] and 0 < Ty GO + Ly ) +
F,f,m(A) (x)<3. Then, Nm(4) is a neutrosophic  multisets.  Similarly, ~we  have

Ty OO By (), Py () € [0, 1] @nd 0 < T ) () + By (%) + Fr ) (%) < 3. Then, Nm(A)
is neutrosophic multisets.

Since Nm(A) and Nm(A) are two neutrosophic multisets in U, the neutrosophic multisets mappings
Nm, Nm: Nm(U) - Nm(U) are respectively referred to as lower and upper rough neutrosophic multisets

approximation operators, and the pair of (N_m(A),W(A)) is called the rough neutrosophic multisets in
(U, R), respectively.

3 Rough Neutrosophic Multisets Relation

The concept of a rough set can be easily extended to a relation since the relation is also a set, i.e. a subset
of the Cartesian product. This concept is also used to define the rough neutrosophic multisets relation over the
universe.

In the following section, the Cartesian product of two rough neutrosophic multisets is defined with some
examples. We only considered the case where T, I, F are refined into the same number of subcomponents 1, 2,
..., p,and T}, I, and F} are a single valued neutrosophic number. Some of the concepts are quoted from [2],
[10], [12], [36]

Definition 3.1 ([7]) Let A = (U, R) be an approximation space. Let X < U. A relation T on X is said to be a
rough relation on X if T # T, where T and T are a lower and upper approximation of T, respectively defined
by;

T={(x,y) €UXU:[x,ylg € X}
T={(xy) EUxU:[x,ylgNX %0

Definition 3.2 Let U be a non-empty set and X and Y be the rough neutrosophic multisets in U . Then, Cartesian
product of X and Y is rough neutrosophic multisets in U x U, denoted by X x Y, defined as

X x¥ ={< @y, (Tixr 7)) (Hxr 1)), ( By 6, 3)) >: (1, 3) € U x U}
where

Tixy(x,y) = min{TE (%), TE ()},

Ly (x,y) = max{I} (), I (1) },

Fy (,y) = max{Fi(x), ()},

Texys Lixy, Fxxy: U = [0,1],and i = 1,2, ..., p.

Definition 3.3 Let U be a non-empty set and X and Y be the rough neutrosophic multisets in U. We call R ©
U x U is a rough neutrosophic multisets relation on U x U based on the X x Y, where X x Y is characterized
by truth-membership sequence 7, indeterminacy-membership sequences #; and falsity-membership
sequences F% , defined as

R ={< @) (T (@), (FiG.y) > @) e v x U}
with a condition if it satisfies:

1) ) TRlx,y) =1 forall (x,y) € X x Y where X x ¥ = Ry (X) X Ry (Y),

i) Ti(x,y) =0,forall (x,y) €U XU —X xY where X XY = Ry;(X) x Ry (Y),
i) 0<Ti(x,y) <1, forall (x,y) EXXY —XXY.
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(2) i) IL(x,y) =0, forall (x,y) € X XY where X X Y = R;(X) x Ry (Y),
i) IL(x,y) =1,forall (x,y) EUXU—X XY where X x Y = R, (X) X Ry (Y),
i) 0<Ih(x,y) <1, forall (x,y) EX XY —XXY.

(3) i) Fi(x,y)=0,forall (x,y) € X x Y where X x Y = Ry, (X) x Ry (Y),
i) Fi(x,y) =1,forall (x,y) €U xU—X xY where X x ¥ = R;(X) x Ry (),
i) 0< Fi(x,y) <1, forall (x,y) EX XY —X xY.

Remark 3.4: The rough neutrosophic multisets relation is a relation on neutrosophic multisets, so we can
consider that is a rough neutrosophic multisets relation over the universe. The rough neutrosophic multisets
relation follows the condition of relation on neutrosophic multisets which is T (x, ¥) < Tiyy (x,v), 14(x,y) =
I,i(Xy(x,y),Fiﬁ(x,y) > Fi(x,y)forall (x,y) € Ux U,and 0 < Tg,’%(x,y) + I;_%(x,y) + F;}'{(x,y) <3.

Therefore, the rough neutrosophic multisets relation will generalize the following relation:

(1) Rough Neutrosophic Set Relation
When i = 1 for all element T, I, F in definition 3.2, we obtain the relation for rough neutrosophic set over
universe;

R ={< (6,3, (Tu(x, ) (Ix(x, ), ( Fa(x,¥)) >: (x,y) € U x U}.

(2) Rough Intuitionistic Fuzzy Set Relation
When i = 1 for element T and F, and properties (2) in definition 3.3 is also omitted, we obtain the relation
for rough intuitionistic fuzzy set over universe;

R={< (), (Ta(x,), ( Fa(x,y)) >:(x,y) € U x U}.

(3) Rough Fuzzy Set Relation
When i = 1 for element T and properties (2) and (3) in definition 3.3 is also omitted, we obtain the relation
for rough fuzzy set over universe;

R={< (), (Talx,y) > (x,y) € U X U}.

The rough neutrosophic multisets relation can be presented by relational tables and matrices, like a
representation of fuzzy relation. Since the triple (Tj,l};,Fj) has values within the interval [0, 1], the elements
of the neutrosophic matrix also have values within [0, 1]. Consider the following example:

Example 3.5: Let U = {u,, u,, u3} be a universal set and R, = (x,y): xRy is equivalent relations on U. Let

X = (1,0.3),(0.4,0.7),(0.6,0.8) + (0.5,0.7),(0.1,0.3),(0.4,0.5) + (1,0.6),(0.4,0.5),(0.6,0.7) and
Uy Uz us
Y = (0.4,0.6),(0.3,0.5),(0.1,0.7) + (0.5,0.4),(0.1,0.7),(0.3,0.8) + (1,0.7),(0.2,0.5),(0.1,0.7)

uy Uz us
are rough neutrosophic multisets on U.

Here we can define a rough neutrosophic multisets relation R by a matrix. xR,y is composed by R, =
{{uy, us}, {u,}. Based on definition 2.4 and 3.2, we solve for;

fRU(X) _ (1,0.3),(0.4,0.7),(0.6,0.8) + (0.5,0.7),(0.1,0.3),(0.4,0.5) + (1,0.3),(0.4,0.7),(0.6,0.8),

_— Uq Uy Uus

iR_U(X) _ (1,0.6),(0.4,0.5),(0.6,0.7) + (0.5,0.7),(0.1,0.3),(0.4,0.5) n (1,0.6),(0.4,0.5),(0.6,0.7)l
51 Uz us

Ry (Y) _ (0.4,0.6),(0.3,0.5),(0.1,0.7) n (0.5,0.4),(0.1,0.7),(0.3,0.8) n (0.4,0.6),(0.3,0.5),(0.1,0.7)’

- Uuq Uz us

R_U(Y) _ (1,0.7),(0.2,0.5),(0.1,0.7) n (0.5,0.4),(0.1,0.7),(0.3,0.8) n (1,0.7),(0.2,0.5),(0.1,0.7)

Uq Uz us
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We have X x ¥ = Ry(X) x Ry(Y) and X XY = Ry(X) X Ry(Y). Then, by satisfied all the condition in

definition 3.3, we defined R < U X U as a rough neutrosophic multisets relation on U x U based onthe X x Y
by a matrix form;

(0.3,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)
M(®) = (0,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0,0),(1,1),(L1)
(0.4,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)

Now, we consider some properties of a rough neutrosophic multisets relation.

Proposition 3.6 Let R,, R, be two rough neutrosophic multisets relation on U X U based onthe X x Y.
Then R, A R, where

T am, (6, ¥) = min{ T, (x, ), T, (x, )},
Iﬁ;ﬁ/\ 5, (%, ) = max{lgtll(x, y), 1&2.(3(, 2)3
Fionm, (6,¥) = max{Fg, (x,y), Fy, (x, )}
for all (x,y) € U x U, is a rough neutrosophic multisets on U x U basedonthe X x Y andi = 1,2, ..., p.

Proof: We show that R, A R, satisfy definition 3.3.

(1) i)  Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then
T, am, (X, ¥) = min{ Ty, (x,¥), Ty, (x,y)} = 1forall (x,y) € X X Y.
i) Since Ty, (x,y) = T, (x,y) = 0 forall (x,y) EUXU -X XY
then T g, (x,y) = min{T§ (x,y), T, (x,y)} = 0 forall (x,y) € Ux U - X X Y.
iii)  Since 0 < T (x,y), Tar, (x,y) < 1, forall (x,y) € X XY — X x Y then
0< Tz}izl/\mz(x')’) = min{Tgél(x,y),Tgaz(x,y)} <1forall (x,y) EX XY —XxY.

(2) i) Since Iy (x,y) = Iy, (x,y) = 0 forall (x,y) € X X Y then
Iy, (6, ) = max{ I (x,y), Iy, (x,y)} = 0 forall (x,y) € X x V.
i) since I (x,¥) = I, (x,y) = 1forall (x,y) €UXU -X XY
then Ig}{l,\ ¢, (%, ¥) = max{ I&l(x, V), 15'12 (x,y)}=1forall (x,y) EUXU—-X X Y.
ill)  Since 0 < Iy, (x,¥), Iy, (x,¥) < 1, forall (x,y) € X XY — X X Y then
0< Ii‘;{l,\mz (x,y) = max{[&l(x, y),Iﬂi12 (x,y)}<1forall (x,y) EXXY —XXY.

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Proposition 3.7 Let R,, R, be two rough neutrosophic multisets relation on U X U based onthe X x Y.
Then R; v R, where

Té, v, (6 ¥) = max{ T, (x,), T, (x, )},
I,y s, (6, y) = min{Ig, (x, ), I, (x, )},
Fv o, (6, y) = min{Fg, (x, ), F, (x, )}
for all (x,y) € U x U, is a rough neutrosophic multisetson U X U basedonthe X x Y andi = 1,2, ..., p.

Proof: We show that R, v R, satisfy definition 3.3.

(1) i)  Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then
T, vz, (6, ¥) = max{ Ty, (x,¥), Ty, (x,y)} = 1 forall (x,y) € X X Y.
i) Since T, (x,y) = Tg, (x,y) =0 forall (x,y) EUXU —X XY
then Tgi‘lv ¢, (%, ¥) = max{ Tﬁf‘l (x,y), Tﬂétz (x,y)}=0forall (x,y) EUXU—-X X Y.
i) Since 0 < T, (x,¥), T, (x,) < 1, forall (x,y) € X XY — X X Y then
0 < Ty, v, (x,¥) = max{ Ty, (x,y), T, (x,y)} < 1forall (x,y) EX XY - X XY.
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(2) i) Since Iy (x,y) = Iy, (x,y) = 0 forall (x,y) € X x Y then
Ty, (6 ¥) = min{ I, (x, ), I, ()} = 0 for all (x,y) € X X V.
i) Since Iﬁ]if{i(x,y) = Igtz(x,y) =1forall (x,y) EUXU—-XXY
then Igi?lv ¢, (X, ¥) = min{ 1531 (x, y),Ifgz (x,y)}=1forall (x,y) EUxXU—-XXY.
i) since 0 < I, (x,¥),I%,(x,y) < 1,forall (x,y) € X XY — X X Y then
0< I&lvmz (x,y) = min{I&l(x, y),1§22 (x, y)} <1forall (x,y) EX XY —XXY.

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Lemma3.8: If 0 < x,y < 1, then

(i) 0<xy<1,
(i) O0<x+y—xy<1l

Since 0 < x,y < 1thenx+y = 2./xy > 2xy > xy > 0, therefore x + y — xy > 0. On the other hand, 1 —

(x+y—xy)=(0—-x)(1—y) > 0then x +y — xy < 1. The following properties of a rough neutrosophic
multisets relation are obtained by using these algebraic results.

Proposition 3.9 Let R;, R, be two rough neutrosophic multisets relation on U x U based on the X X Y. Then
R, ® R, where

T, m, 6 Y) = T, (6, ¥) - Ty, (x, ),

Igiﬁ@mz (x,y) = 1;_{‘1 (x,y)+ Ié(z (x,y) — I;}l(x, y). Iim2 x,y)

F;_,iﬁ@mz (x,y) = F;_,i{1 (x,y)+ FSFiiz (x,y) — FiFih (x, y).FfiRz (x,y)
for all (x,y) € U x U, is a rough neutrosophic multisetson U X U basedonthe X x Y andi =1, 2, ..., p.

Proof: The relation R, @ R,satisfied definition 3.3. Indeed:

(1) i) Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then
T, @n, 0 Y) = Ty, (x,¥) - T, (x,y) = 1forall (x,y) EX X Y.
i) Since T, (x,y) = Tg, (x,y) =0 forall (x,y) EUXU —-X XY
then T, g, (0, ¥) = T, (x,¥) - T, (x,y) = 0 forall (x,y) € Ux U - X X Y.
i) Since 0 < T, (x,¥), T, (x,) < 1, forall (x,y) € X XY — X x Y then
0 < Ty, @m, 6, y) = Tg, (x,¥) - T, (x,y) < 1forall (x,y) €X XY — X X ¥ (Lemma 3.8 (i)).

(2) i) Since Iy (x,y) = Iy, (x,y) = 0 forall (x,y) € X X Y then
Ii, @m, (6 Y) = Ig, (6, y) + I, (x,9) — I, (x,y) - 15, (x, ) = 0 forall (x,y) € X x Y.
i) Since Iy, (x,y) =1y, C,y) =1 for all (x,y) EUXU—-XxXY then I on (x,y) =
I;il(x,y) + Iéiz(x,y) — Ié(l(x,y) -Il;_nz(x,y) =1forall (x,y) EUXU—-X x7Y.
ili)  Since 0 < Iy, (x,¥), Iy, (x,¥) < 1, forall (x,y) € X XY — X X Y then

0 < I, @m, (6, ¥) = I, (6, ¥) + I, (x,y) — I (x, ) - I, (x,y) < 1 for all (x,y) EX XY —
X XY (Lemma 3.8 (ii)).

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Proposition 3.10 Let R,, R, be two rough neutrosophic multisets relation on U x U based on the X x Y. Then
R, B R, where

T, @, (6 ¥) = T, (6, ¥) + T, (6, ¥) = T, (6, ) - Ty, (x, ),
Ii%1®mz(x'Y) = Iﬂlh(x:y) : ILSRZ(X;)’),
Fg, @, (%,¥) = Fy, (6, ¥) - Fig, (x,5)
for all (x,y) € U x U, is a rough neutrosophic multisetson U x U based onthe X x Y andi = 1,2, ..., p.
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Proof: The relation R, @ R, satisfied definition 3.3. Indeed:

)

)

i)

i)

i)

i)

Since Ty, (x,y) = Ty, (x,y) = 1 forall (x,y) € X x Y then

T, @, (0, Y) = T, (0, y) + Ty, (%, y) = T, (6, y) - Ty, (x,y) = Lforall (x,y) € X x V.
Since Ty (x,y) =Tg,(x,y) =0 for all (x,y) EUXU—-XXY then Ty gp, (x,y) =
Ty, (0, y) + Ty, (x,y) — T, (x,y) - T, (x,¥) = 0 forall (x,y) EUXU—-XXY.

Since 0 < Ty, (x,¥), T, (x,¥) < 1, forall (x,y) € X XY — X x Y then

0< Tgﬁl@mz (x,y) = T;fh(x, y) + T‘fRz (,y) — Tgle(x, y) 'Tsinz (,y)<1 for all (x,y)€
X XY — X xY (Lemma 3.8 (ii)).

Since I, (x,y) = Iy, (x,) = 0 for all (x,y) € X x Y then

I, on, ®,¥) = Iy (x,y) - I, (x,y) = 0 forall (x,y) €X x Y.

Since Iy, (x,y) = Iy, (x,y) = 1forall (x,y) €U XU — X x Y thenly g, (x,y) = Iy, (x,¥) -
I, (x,y) =1forall (x,y) eUX U - X XY.

Since 0 < Iy, (x,¥), Iy, (x,y) < 1, forall (x,y) € X XY — X X Y then

0 <Ii, @n,(%,¥) = Iy, (x,y) - I, (x,y) < 1forall (x,y) EX XY — X X ¥ (Lemma 3.8 (i)).

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

3.1 Composition of Two Rough Neutrosophic Multisets Relation

The composition of relation is important for applications because if a relation on X and Y is known and if a
relation on Y and Z is known, then the relation on X and Z could be computed over a universe with the useful

significance.

Definition 3.1.1 Let U be a non-empty set and X, Y and Z are the rough neutrosophic multisets in U. Let R,, R,
are two rough neutrosophic multisets relationson U x U, basedon X X Y, Y x Z, respectively. The composition
of R, R, denote as R, o R, which defined on U x U based on X x Z where

T?Tiilo Ry (X, Z) = maXyEU{min[TEYitl (X, J’)' Tifltz (yv Z)]},

191310 %, (x,z) = minyEU{max[lgl@“1 (x,y), Iglaz.(y, Z)]},

Fgom,(x,2) = minyeu{max[Fgﬁt1 (x, ), Fg, (v, Z)]}
forall (x,z) eUxUandi=1,2,..,p.

Proposition 3.1.2 R, o R, is a rough neutrosophic multisets relation on U x U based on X x Z.

Proof: Since R,R, are two rough neutrosophic multisets relations on U x U based on X XY,Y X Z

respectively;

1)

i)

Then T;‘l(x, zZ)=1= Tg"{2 (x,z) forall (x,z) e X X Z. Let (x,z) € X X Z, now

Tg‘l‘lomz (x,2) = maxyeu{min[Tg"{l(x,y), Tg_,"{2 (y, z)]} = 1. This holds for all (x,z) e X X Z.

Let (x,z) EU XU —X x Z. So, Tgitl(x,z) =0= Tifiz(x,z) forall (x,z) eUXU—-X X Z.
Then T;‘lomz (x,z) = maxyeu{min[Tg}'(l(x, y),Tgi{2 (y, z)]} =0forall (x,z) eUxU—-X x Z.
Again, since 0 < Ty (x,2), Ty, (x,2) < 1, forall (x,z) e X X Z — X x Z,

then 0 < maxyEU{min[Tgf{l(x, y),Tg"(2 (y, z)]} <1 such that 0 < Ti}itlf,ﬂ;tz (x,z) <1 for all
(x,z2)EXXZ—-XXZ.

Then I (x,2) = 0 = I (x,z) forall (x,z) € X X Z. Let (x,z) € X X Z, now

15110532 (x,2) = minyeu{max[lgj'(1 (x, y),Igj}Z (y, z)]} = 0. This holds for all (x,z) € X X Z.
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i) Let(x,z) eUXU—-XXZ.S0,I4 (x,z) =1=1I (x,2) forall (x,z) € Ux U — X x Z. Then
Igj}{lomz (x,z) = minyeu{max[1§1(x, y),]éz2 (y, z)]} =1forall (x,z) EUXU—-XXZ.

i) Again, since 0 < I (x,2), I, (x,2z) < 1,forall (x,z) EX XZ — X X Z,
then 0 < minyeu{max[lgjli1 (x, y),1§§22 (y, z)]} < 1suchthat0 < Ii’i.tl°m2 (x,z) < 1forall (x,2) €
XXZ—-XXZ.

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.

Proposition 3.1.3 Let U be a non-empty set. R,, R,, R are rough neutrosophic multisets relations on U x U
basedon X X Y,Y x Z,Z x Z', respectively. Then (R, o R,) o Ry = R, o (R, o R3)

Proof: We only proof for truth function. For all x,y,z,t € U we have

Tty ooy (8 £) = maxyey {min[T§, (6, ), Tioomyy 0, O]}

= max, ey {min[T, (x,y), max,ey {min[Tg, (v, 2), T, (z, O11}}
= maxzeu{min{maxyeu{min[Tgfa1 (x,y), Tgﬁz (y, z)] , Tgfa3 (z, t)]}}}
= m_axzeu{min [T(iinloinz) (x,¥), T9i13 o, t)]}

= T(€R1°5R2)°933 (x, 1);

Similarly proof for indeterminate function and falsity function.

Note that R, o R, # R, o R,, since the composition of two rough neutrosophic multisets relations R,, R,
exists, the composition of two rough neutrosophic multisets relations R,, R, does not necessarily exist.

3.2 Inverse Rough Neutrosophic Multisets Relation

Definition 3.2.1 Let U be a non-empty set and X and Y be the rough neutrosophic multisetsin U. R € U x U
is a rough neutrosophic multisets relation on U x U based on the X x Y. Then, we define R~ € U x U is the
rough neutrosophic multisets relation on U x U based on Y x X as follows:

%1 = {< 3,2, (T5-1.0,0)) (I 0, (Fims (0,20) >: (0, %) € U x U}
where

Ti}ia_l(yﬂx) = T‘Jii(x'y)’ Igiq—l(ylx) = [i;'{(x!y)! ngq—l(ylx) = ste(x'J’)
forall (y,x) eUxUandi=1,2,..,p.

Definition 3.2.2 The relation R~1 is called the inverse rough neutrosophic multisets relation of R.
Proposition 3.2.3 (R"1)™! = R.
Proof: From definition 3.3;

1 0 T(im—l)—l(x, y) = T(_,"(_l(y, x) = Tgﬁ(x, y) =1forall (x,y) e X XY
i) T(im—l)—l(x, y) = T(_,"(_l(y, x) = Tgﬁ(x, y)=0forall (x,y) EUXU—-XXY
i) o< T(im_1)_1(x,y) = Tﬂi{_1(y,x) =Ti(x,y) <1forall (x,y) EX XY —X XY

2 I(iiR_1)_1(x, y) = I;(_l(y, x) = I&(x, y)=0forall (x,y) e X XY
) L1060 y) = g (v,%) = Ii(e,y) = 1forall (x,y) €UXU =X XY
i) 0 < Iym1)-1(6,y) = Ig-1 (7, %) = Ii(x,y) < 1forall (x,y) EX XY —X XY

Proof (3) for falsity function are similarly to proving (2) for indeterminate function.
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It means (R~1)"1 = R.
Proposition 3.2.4 Let R,, R, be two rough neutrosophic multisets relationson U x U, basedon X XY, Y X Z,
respectively. Then (R, 0 R,) 1 =R, 1o R, L.
Proof: Forall x,y,z € U, we have
T(lml"mz)_l (z,x) = Tiﬁﬁmz (x, 2)
= maxyey{min[Ty (x, ), T, (v, 2)|} = max,ey {min [T(Lml)q(y, x), Tg,)-1(2, y)]}
= maxyey {min [T(imz)_1 (z,y), T(iml)_l o, x)]}

1 .
= Tl tomy)~2 (2 %);

Similarly, proof for indeterminate function and falsity function.
That means (R, 0 R,)" 1 =R, "o R,

The representation of inverse rough neutrosophic multisets relation R=! can be represented by rough
neutrosophic multisets relation R by using a matrix M (R)¢, it is the transposition of a matrix M (R).

Example 3.2.5: Consider the rough neutrosophic multisets relation M (R) in example 3.5;

0.3,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)
M®) =1 (0,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0,0),(1,1),(1,1)

(04,0),(1,1),(1,1) (0,0),(1,1),(1,1) (09,0),(1,1),(1,1)

Then the inverse rough neutrosophic multisets relation =1

0.3,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.4,0),(1,1),(1,1)
M@ =M@ =] (0,0),(1,1),1,1D (0,0),(1,1),1,1) (0,0),(1,1),(11)

(0.9,0),(1,1),(1,1) (0,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)

3.3 The Reflexive, Symmetric, Transitive Rough Neutrosophic Multisets Relation

In this section, we consider some properties of rough neutrosophic multisets on universe, such as reflexive,
symmetric and transitive properties.

Let (U,RR) be a crisp approximation space and X is a rough neutrosophic multisets on (U, R). From here
onwards, the rough neutrosophic multisets relation R is called a rough neutrosophic multisets relation on
(U, R) based on the rough neutrosophic multisets X.

Definition 3.3.1 The rough neutrosophic multisets relation R is said to be reflexive rough neutrosophic
multisets relation if Ty (x, x) = 1, I (x, x) = Fi(x,x) = 0and forall (x,x) e Ux U,i=1,2,...,p.

Proposition 3.3.2 Let R,, R, be two rough neutrosophic multisets relation on U based X. If R, R, are the
reflexive rough neutrosophic multisets relations then R, A R,, R,V R,, R, ® R,, R, D R, and R, o R,
is also reflexive.

Proof: If R, R, are reflexive rough neutrosophic multisets relation, then

Tiﬁl(x, x) = Tgéz (x,x)=1, I&l(x, x) = Igiaz (x,x) =0 and Fgﬁl(x, xX) = Fgﬁz (x,x) =0 for all (x,x) €
U x U. We have

i) T, am, (6, %) = min{ T, (x, %), Ty, (x,0)} = 1;
I a,(x, %) = max{lgjal (x, x), I, (x, x)} = 0; and
Fg am, (6, %) = maX{Fgﬁ‘l(x, x), Fg, (x, x)} =0
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forall (x,x) € U x U and R,; A R, is reflexive rough neutrosophic multisets relation.

i) Tgl%lv %, (X, x) = max{ Tgﬁl(x, x),TgigZ (e, x)} =1,
Igi?lv w, (X, x) = min{l&l(x, x),Igf22 (x, x)} = 0;and
Fg,vq,(x, %) = min{FE,‘%l(x, x), F, (x, x)} =0
forall (x,x) € U x U and R, v R, is reflexive rough neutrosophic multisets relation.

iii) Tgl:{1®m2(x,x) = Tgigl(x,x) . Tginz(x,x) =1;
Iil;{l®m2(x,x) = Igi?l(x,x) + I&Z(x,x) — I&l(x,x) . Il;_RZ(x,x) =0;and
F, g, (6, x) = Fg (x,%) + Fg, (x,x) — Fg, (x,x) - F,(x,x) = 0

forall (x,x) € U x U and R, ® R, is reflexive rough neutrosophic multisets relation.

iv) Tﬂl;tlemz (x,x) = Ts}ci (x,x) + TﬁiRZ (x,x) — Tgitl(x, x) - T{;Rz (x,x) =1;
I;Qiemz (x,x) = I;j}{l (x,x) -Igiz(x, x) = 0; and
Fg, @n,(x,x) = Fg (x,x) - Fg,(x,x) =0

for all (x,x) € U x U and R, ® R, is reflexive rough neutrosophic multisets relation.

V) T, (6x) = maxye {min[TE (6, y), T, 07, )]}
= max,ey{min|Ty, (x,x), T, (x, 0)|} = 1;
Lo, (6, ) = minyey {max[ I, (x, ), I, 7, )]}
= minyeu{max[lgj{l(x,x), 1&2 (x, x)]} = 0; and
Fityom, (6, %) = miny ey {max[F, (x, ), iy, 0, 0]}
= miny e, {max|Fy (x,x), Fg, (x,0)]} = 0

forall (x,x) e U x U,X =Y and R, o R, is reflexive rough neutrosophic multisets relation.

Definition 3.3.3 The rough neutrosophic multisets relation % is said to be symmetric rough neutrosophic
multisets relation if Ty (x, y) = T (y, x), Ii;(x, v) = I (v, x) and Fi(x,y) = Fg(y,x) forall (x,y) e U x U,
i=12,..,p.

We note that if R is a symmetric rough neutrosophic multisets relation then the matrix M (R) is a symmetric
matrix.

Proposition 3.3.4 If R is said to be symmetric rough neutrosophic multisets relation, then R~! is also
symmetric.

Proof: Assume that R is symmetric rough neutrosophic multisets relation, then we have
Tp(x,y) = To(y, %), Ix(x, ¥) = Ix(y,x) and Fy(x,y) = Fx(y, x).

Also,‘if R~1is an inverse roggh neutrosophic muItisets‘reIation, then we have
Ty-1(x,y) = Ty, x), Ig-1 (x, ) = Ix(y,x) and Fy—1 (x,y) = Fy(y,x) forall (x,y) € U x U.

To prove R~1 is symmetric, we must prove that

T;‘_l(x, y) = T;‘_l(y, x), I%_l(x, y) = I&—l(y, x) and nga_l(x, y) = F;%_l(y, x) forall (x,y) e U x U.
Therefore,

Ty (,3) = To(y, %) = Tg(x,y) = Tya (v, 2);

I-1(x,y) = Ig(y,x) = Ig(x,y) = Iz-1(y,x); and

F1(x,y) = Fi(,x) = Fi(x,y) = F-1(y, %)
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forall (x,y) € U x U and R is said to be symmetric rough neutrosophic multisets relation, then R™1 is also
symmetric rough neutrosophic multisets relation.

Proposition 3.3.5 Let R;, R, be two rough neutrosophic multisets relations on U based rough neutrosophic
multisets. If R,, R, are the symmetric rough neutrosophic multisets relations then R; A R,, R,V R, R, @
R, and R, @ R, also symmetric.

Proof: Since R, is symmetric, then we have;
T, (x,y) = T, (v, %), I, (x,¥) = Iy, (¥, %) and Fy, (x,¥) = Fg, (v, x)

Similarly, R, is symmetric, then we have;
Ty, (x,y) = Ty, (, %), In, (x,¥) = Iy, (v, x) and Fy, (x, ) = Fy, (¥, x)

Therefore;

) Tham,(6y) =min{T§ (), Ta, (x,3)}
= min{ Ty, (¥, %), T, (, )} = Tz, 0, %);
Ii, s, (%, y) = max{ly, (x, ), Ii, (x, )}
= max{Ih, (v, %), I, 7, 2)} = Iy v, (v, ); and
Fyinm, (6, y) = max{Fy (x,y), Fy, (x, )}
= max{ Fy,, (¥,%), F, (, X)} = F a5z, (7, %)

forall (x,y) € Ux Uand R, A R, is symmetric rough neutrosophic multisets relation.

i) Tyye, (x,y) = max{ Ty (x,¥), Ty, (x, )}
= max{ Ty (v, ), T, 7, )} = T,y 3, (0, %);
Ig,v 5, (6, ) = min{Ig, (x,y), I, (x, )}
= min{ly, (v, x), Iy, (v, ©)} = I,y %, (7, %); and
Fy v, (%,y) = min{Fg (x,y), Fy, (x, )}
= min{F}, (y,x), F, 7,0} = F 5, 3, %)

forall (x,y) € U x U and R, vV R, is symmetric rough neutrosophic multisets relation.

i) Th on,(6y) =T, (6y)  Th,(6,y) = Th, (3,%) - Tk, (3, X) = Ty, g, (¥, %);
Ii, @0, 6 Y) = Ii, (6,¥) + I, (6, ¥) — I, (x, ) - I, (x,¥)
= Ih, (,%) + 15, (v, %) — I, (%) - I'y, (,%)
= I, gn, (¥, %); and
Fy, om, (%, Y) = F, (%, ¥) + Fg, (x,y) — F (%, ¥) - Fi, (%, )
= Fj, (v, %) + Fy, (v, %) — F§, (0,%) - Fiy (3, %)
= Faiﬁ@mz ¥, %)

forall (x,y) € U x U and R; ® R, is symmetric rough neutrosophic multisets relation.

V) T gn, () = Ty, (x,) + T, (x,¥) — Ty, (x, ) - T, (x,y)
= T, (7, %) + T, (0, %) = T, 0, %) - Ty, (0, X) = T, @, ¥, %);
IiitleBmZ (,y) = 1511 x,y) - 12}12 (x,y) = 1511()’: x) - IfRZ y,x) = I&l@mz (y,x); and
FﬂiileBiRz(x'y) = ngil(x,y) ‘Fsi}tz(x:y) = Fsvizl()’:x) 'Fénz(y'x) = Fs}iale;mz(y;x)

forall (x,y) € U x U and R, @ R, is symmetric rough neutrosophic multisets relation.
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Remark 3.3.6: R, o R, in general is not symmetric, as

Tiﬁlo Ry (X, Z) = mé'leEU{min_[Tﬁ}i{l (x, )’): Tﬁ}liz ()’: Z)]}
= maxyeu{min[T;}{l v, x), Ty, (z, x)]} # Ty,om,(2,%)

The proof is similarly for indeterminate function and falsity function.

But, R, o R, issymmetric if R, o R, =R, o R, for R, and R, are symmetric relations.
Ti,o, (%, 2) = maxy,ey {min[Ty, (x, ), Ty, (v, 2)]}
= maxey{min[Ty, (7, %), T, (2, )|} = max,ey{min[T, (v, ), T, (2, )]}
= max, ey {min[T, (z, ), Té, (0, 0]} = max,ey{min[T, (z,), T8, (v, 0]}
= Ts_ri{lomz (z,x)

forall (x,z) eUxUandy € U.
The proof is similarly for indeterminate function and falsity function.

Definition 3.3.7 The rough neutrosophic multisets relation ® is said to be transitive rough neutrosophic
multisets relation if Ro R € R such that Ta(y,x) = Tao (¥, %), In(y,x) < I, (y,x) and Fi(y,x) <
Fh,q(y,x) forall x,y € U.

Definition 3.3.8 The rough neutrosophic multisets relation R on U based on the neutrosophic multisets X is
called a rough neutrosophic multisets equivalence relation if it is reflexive, symmetric and transitive rough
neutrosophic multisets relation.

Proposition 3.3.9 If R is transitive rough neutrosophic multisets relation, then R~ is also transitive.

Proof: R is transitive rough neutrosophic multisets relation if R o R € R, hence if R™1 o R~1 € R~1, then
R~1 is transitive.
Consider;

Tp-1(6,) = T, %) 2 Ty, 5 (7, %)

= maxzeu{min[Tg}'{ (y,2), Té(z, x)]}

= maxzeu{min[T;‘_l (z,y), T(_,ii_l (x, Z)]} = maszU{min[T;{_l (x,2), Tf;:{_l (z, y)]}
= Ty-1,901 (6, 9);

The proof is similarly for indeterminate function and falsity function.

Hence, the proof is valid.

Proposition 3.3.10 Let R,, R, be two rough neutrosophic multisets relations on U based rough neutrosophic
multisets. If R, are the transitive rough neutrosophic multisets relation, then R, A R, is also transitive.

Proof: As R, and R, are transitive rough neutrosophic multisets relation, R, o R, € R, and R, o R, <
R,. Also

Touno, (6 ¥) 2 Ty amyen ) (6 )
Iﬁlla_l/\ 7, (%, ¥) < 1(1631/\ R)o@1A %) (X, Y); and
F‘}h/\ R (x,y) < F(Li}ﬁ/\ R2)o(R1AR2) (. )

implies that (R, A R,) o (R A Ry) © Ry A Ry, hence Ry A R, is transitive.
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Proposition 3.3.11 If R, and R, are transitive rough neutrosophic multisets relations, then R, v R,, R, &
R, and R, @ R, are not transitive.

Proof:
i) As
T v, (6 y) = max{Tg_(x,9),T§ (x, )},
Iq v, (%, y) = min{I (x,¥),I4, (x, )}, and
F v, (6 y) = min{F§ (x,y), F (x, )}
and, _ _
Ty o1, (6 ¥) < Tiyw )00y 3,) (60 V)
IS%?_lv Ry (x,y) = 1(19?_1v9?2)o(m1v SRZ)(x: y); and
Fg v, (0 Y) 2 Figyymy)e v 3,) (%0 Y)

i) As

T, o0, (0 ¥) = T, (x,¥) - Ty, (x, ),
I, o, (00 ) = Iy (6, 3) + I, (x, ) — I (x,) - I, (x, ), and
Fy o, (6,Y) = F, (x,3) + Fg, (x,y) — Fg, (x,) - Fig, (x, )
and, _ _
T§rlt1 en, (Y) < T(IER1® R)o(R,® ) (6, V) _ '
In, @, (6 Y) = i, @ ,)em,0 51 (6 Y)s AN Fg, @ 2, (4, 7) = Fgt, @ w000, @ 15) (%)

(iii)) As

T, @0, (0 ¥) = T, (6, ¥) + T, (x,3) — T, (x,) - Ty, (x, ¥),
Iy, on, () = 1§, (x,y) - Iy, (x,¥), and
Fy o, (6, ¥) = F, (x,3) - Fiy, (x, )
and
Tr,om, () < Tio mpyemmony ¥ |
Ig, o3, (0 ¥) 2 I, @ w0000 3, (60 ¥); AN Fy, g, (6,Y) = Fi, 0 9,)0m,0 975) (0 V)

Hence, R, V R,, R, @ R, and R, P R, are not transitive.
4 An application to marketing strategy

The aims of multi criteria decision making (MCDM) are to solve the problem involving multi decision by
many expert opinions and many alternatives given and MCDM also try to get the best alternative solution based
on the multi criteria evaluate by many experts. The study of MCDM with the neutrosophic environment is well
established in [38]-[44].

This section gives a situation of solving a real application of the rough neutrosophic multisets relation in
marketing strategy.

Assume | = {jy, j,,j3} denotes for three jeans showed available to be purchased in a shop G. Let R; be a
relation defined onthe J as aR;b if and only if a, b coming from the same continent about quality of the jeans.
aR;b is composed by R; = {ji, j,,jz}. The relation R, is explains the effect of the quality of jeans in shop Z.
We now try to get the opinion from two independent customers about the quality of jeans considering whether
the jeans are comprised of "good texture"”, a level of indeterminacy with respect to the customers which is “no
comment” and whether they feel that the jean is comprised of "a not all that great texture”. In the customers’
opinion, rough neutrosophic multisets, A and B can be defined as follows:

A ={<},,(09,0.2),(0.3,0.6),(0.5,0.7) >,
< j,, (0.4,0.6),(0.2,0.4), (0.5,0.6) >,
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< js, (1.0,0.6), (0.4,0.5), (0.6,0.7) >} and

B = {< j,,(0.5,0.7), (0.4,0.6), (0.2,0.8) >,
< j,,(0.6,0.7),(0.2,0.8), (0.4,0.5) >,
< js, (1.0,0.8),(0.3,0.6), (0.2,0.8) >}

By satisfied all the condition in definition 3.3, we will define the relation of rough neutrosophic multisets R on
qualities of jeans J x J based on customers opinion A x B as follows:

Step 1: Compute lower and upper approximation values for rough neutrosophic multisets.

R, (4) = {< j;,(0.4,0.2),(0.4,0.6), (0.6,0.7) >,
< j,, (0.4,0.2),(0.4,0.6), (0.6,0.7) >,

< js, (0.4,0.2), (0.4, 0.6), (0.6,0.7) >}

R;(B) = {< j,(0.5,0.7), (0.4,0.8), (0.4,0.8) >,

<j,(05,0.7),(04,0.8),(0.4,08) >,
< js,(0.5,0.7), (0.4,0.8), (0.4,0.8) >}

R, (4) = {< j1, (1.0,0.6), (0.2,0.4), (0.5,0.6) >,
< j,, (1.0,0.6),(0.2,0.4), (0.5,0.6) >,
< js, (1.0,0.6),(0.2,0.4), (0.5,0.6) >}

R;(B) = {< j1,(1.0,0.8),(0.2,0.6), (0.2,0.5) >,
< j,,(1.0,0.8),(0.2,0.6),(0.2,0.5) >,
< j3,(1.0,0.8),(0.2,0.6),(0.2,0.5) >}
Step 2: Construct the relation of A X B = R;(A) X R;(B), relationof A x B = ﬁj(A) X ﬁj(B), and relation
of J x J. All the relation was represented in the Table 1, Table 2 and Table 3, respectively.

AXB J1 J2 J3
J1 (0.4,0.2), (0.4,0.2), (0.4,0.2),
(0.4,0.8), (0.4,0.8), (0.4,0.8),
(06,08) (0608 (06 0.8)
j»  (04,02), (0.4,02), (0.4,0.2),
(0.4,08), (0.4,0.8), (0.4,0.8),
(0.6, 0.8) (0.6, 0.8) (0.6, 0.8)
Js (0.4,0.2), (0.4,0.2), (0.4,0.2),
(0.4,0.8), (0.4,0.8), (0.4,0.8),
(0.6, 0.8) (0.6, 0.8) (0.6, 0.8)

Table 1: Relation of A X B

AXB J1 J2 J3
i (10,06), (L0,06), (L0,06),
(04,0.6), (0.4,0.6), (0.4, 0.6),
(05,0.6)  (0.5.0.6) (0.5 0.6)
j»  (10,06), (L0,0.6), (L0,0.6),
(0.4,0.6), (0.4,0.6), (0.4, 0.6),
(05,0.6)  (0.5.0.6) (0.5 0.6)
js  (10,0.6), (L0,06), (L0,06),
(04.06), (04,06) (0.4 06),
(05.06) (0506 (05,0.6)

Table 2: Relation of A X B

Note that T;(a, b) = 1, I4(a, b) = 0 and F}(a, b) = 0 for all (a, b) € A x B. Therefore, the relation of J x J
is
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IR 1 J2 J3
i (1010), (10,10), (10 10),
(00,0.0), (0.0,0.0), (0.0,0.0),
(00,000  (0.0.0.0)  (0.0,0.0)
i, (1L0.10), (L0,10), (L0,10),
(00,0.0), (0.0,0.0), (0.0,0.0),
(0.0.00)  (0.0.0.0) (0.0,0.0)
js (10.10), (10.10), (10 10),
(0.0.00)  (0.0.0.0) (0.0,0.0),
0.0.00)  (0.0.0.0) (0.0,0.0)

Table 3: Relation of ] x ]

Step 3: Construct a rough neutrosophic multisets relation R. Note that, Ti(a,b) = 0, I4(a,b) =1 and
F;}{(a, b) =1 forall (a,b) € ] X ] — A x B. Table 4 represent the rough neutrosophic multisets relation R.

R J1 J2 J3

J1 (t1, 0.0), (t2, 0.0), (ts, 0.0),
(10,10), (1.0,1.0), (1.0,1.0),
(10,10)  (1.0,1.0) (1.0, 1.0)

Jo (ts, 0.0), (ts, 0.0), (ts, 0.0),
(10,1.0),  (1.0,1.0), (1.0,1.0),
(10,10)  (1.0,1.0)  (1.0,1.0)

Ja (t7, 0.0), (ts, 0.0), (to, 0.0),
(1.0,1.0), (2.0,1.0), (1.0,1.0),
(1.0,1.0) (1.0,1.00 (1.0,1.0

Table 4: Rough neutrosophic multi relation R.

Step 4: Compute the values for t; until tqin Table 4.
Note that tq,t,,..,te € [0,1] and 0 < Ty (a, b) < 1, for all (a,b) € A x B — A x B and neutrosophic multi
relation of Tj(a,b) < Tiig(a,b)V (a,b) €] X .

(i) ty = T‘—%(jl’jl) = TjTB(jl’jl) - TAlLB(jl'jl) =1-04=06, T‘Jli(j1'j1) = T/}XB(j1'j1) where 0.6 <
1. Therefore, the possible values of ¢, is 0.9, 0.8, 0.7 and 0.6.

@) t2=T30,1,) = TagUsJo) — Thxe(pJ,) = 1= 0.4 = 0.6, T3y, J,) < T (i.J,) where 0.6 <
1. Therefore, the possible values of ¢, is 0.9, 0.8, 0.7 and 0.6.

(iii)  The same calculation was used for t5 until t9. Therefore, the possible values for t; until ¢, is represent

in Table 5.
ty,,n Possible values ¢, n Possible values
=12,..,9 =12,..,9
ty 0.6,0.7,0.8,0.9 te 0.6,0.7,0.8,0.9
t, 0.6,0.7,0.8,0.9 t; 0.6,0.7,0.8,0.9
ts 0.6,0.7,0.8,0.9 tg 0.6,0.7,0.8,0.9
ty 0.6,0.7,0.8,0.9 ty 0.6,0.7,0.8,0.9
ts 0.6,0.7,0.8,0.9

Table 5: Possible values for ¢, until ¢,

Step 5: We defined R < J x J as a rough neutrosophic multisets relation on J x J based on the A X B by a
matrix form. We can have different values for t; until tq as it is true for all possible values in Table 5. We try
to get some pattern of the rough neutrosophic multisets relation matrix of our study by three possible cases.

Case 1: (j1,jn) > (2, jn) > (s, jn) for all n, and unknown value. Therefore, there are two rough neutrosophic
multisets relation matrix resulted for this case, represented as M (R,) and M (R,), respectively.

(09,0),(1,1),(1,1) (0.9,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)
M(R,) ={(08,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)
(0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)
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M(R,) =((0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)

(0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1,1)

(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1, 1)}

Case 2: (j1,jn) < (o, jn) < (j3,jn) for all n, and unknown value. Therefore, there are two rough neutrosophic
multisets relation matrix resulted for this case, represented as M (R;) and M(R,), respectively.

M(R3) =((0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

(0.9,0),(1,1),(1,1) (0.9,0),(1,1),(1,1) (0.9,0),(1,1),(1,1)

(0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1, 1)}

M(R,) =((0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)

(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

(0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1,1) (0.6,0),(1,1),(1, 1)}

Case 3: (ji, jn) = (a2, jn) = (3, jn) for all n, and unknown value. Therefor the rough neutrosophic multisets
relation matrix resulted as M (Rs).

(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)
(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)
(0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

M(ERS) =

Case 4: Random possible value for all unknown. Therefore, the rough neutrosophic multisets relation matrix
resulted as M (R,).

M(Re) =((0.8,0),(1,1),(1,1) (0.7,0),(1,1),(1,1) (0.8,0),(1,1),(1,1)

(0.7,0),(1,1),(1,1) (0.6,0),(1,1),(1,1) (0.7,0),(1,1),(1,1)

(0.9,0),(1,1),(1,1) (0.8,0),(1,1),(1,1) (0.9,0),(1,1),(1, 1)}

Step 6: Compute the comparison matrix using the formula D = T, + I — F; for all i, and select the maximum
value for comparison table. The result is shown in Table 6 and Table 7, respectively.

J1 J2 I3

Ry

ji (0.9,0) (0.9, 0) (0.9, 0)
j, (0.8,0) (0.8, 0) (0.8, 0)
js  (0.7,0) (0.7, 0) (0.7, 0)
R,

j, (08,0 (0.8, 0) (0.8, 0)
j, (0.7,0) (0.7, 0) (0.7, 0)
js (06,0 (0.6, 0) (0.6, 0)
R

j,  (0.7,0) (0.7, 0) (0.7, 0)
j» (0.8,0) (0.8, 0) (0.8, 0)
js  (0.9,0) (0.9, 0) (0.9, 0)
R,

j  (0.6,0) (0.6, 0) (0.6, 0)
j, (0.7,0) (0.7,0) (0.7,0)
js  (0.8,0) (0.8, 0) (0.8, 0)
Rs

j (08,0 (0.8, 0) (0.8, 0)
j, (0.8,0) (0.8, 0) (0.8, 0)
js  (0.8,0) (0.8, 0) (0.8, 0)
R

ji (09,0 (0.8, 0) (0.9, 0)
j, (0.8,0) (0.7,0) (0.8, 0)
js  (0.7,0) (0.6, 0) (0.7, 0)

Table 6: Comparison matrix of rough neutrosophic multi relation R.
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J Ji J2 Iz
1

J1 0.9 0.9 0.9
Jo 0.8 0.8 0.8
Ja 0.7 0.7 0.7
I2

J1 0.8 0.8 0.8
Jo 0.7 0.7 0.7
Ja 0.6 0.6 0.6
I3

J1 0.7 0.7 0.7
Jo 0.8 0.8 0.8
Ja 0.9 0.9 0.9
Ja

i 06 0.6 0.6
5, 07 0.7 0.7
s 08 0.8 0.8
Is

J1 0.8 0.8 0.8
Ja 0.8 0.8 0.8
Ja 0.8 0.8 0.8
Je

J1 0.9 0.8 0.9
Jo 0.8 0.7 0.8
Ja 0.7 0.6 0.7

Table 7: Comparison table for rough neutrosophic multisets, J

Step 7: Next we compute the row-sum, column-sum, and the score for all cases as shown in Table 8.

] Row sum Columnsum Score
J1

J1 2.7 2.4 0.3
Ja 2.4 24 0
Ja 2.1 2.4 -0.3
I2

ji 24 2.1 0.3
Ja 2.1 2.1 0
j; 1.8 2.1 -0.3
I3

J1 2.1 2.4 -0.3
Jo 2.4 2.4 0
Ja 2.7 2.4 0.3
n

J1 1.8 2.1 -0.3
Jo 2.1 2.1 0
Ja 2.4 2.1 0.3
Is

J1 2.4 2.4 0
Jo 2.4 2.4 0
Ja 2.4 2.4 0
Js

J1 2.6 2.4 0.2
Ja 2.3 2.1 0.2
J3 2.0 2.4 -0.4

Table 8: Score of three jeans for all cases.

The relation of quality of jeans in shop G is successfully approximate by using rough neutrosophic multisets
relation. Jean type j; has the highest score of 0.3 for case 1, jean type j; has the highest score of 0.3 for case 2,
neither choose a jean or not for case 3, and jeans type j, and j, have a highest score of 0.2 for case 4. The
different selection of jeans has resulted in different cases. From the scoring perspective, the highest value for

Suriana Alias, Daud Mohamad and Adibah Shuib, Rough Neutrosophic Multisets Relation with Application in
Marketing Strategy



54 Neutrosophic Sets and Systems, Vol. 21, 2018

each unknown will resulted in the highest possibility to select the subject. Besides that, it cannot take the same
possible values for each unknown at the same time because the score result will be equal to zero (case 3).

Based on the result, the customers should purchase the jeans of type j, in the shop G and the manager should
sell more jeans of type j;.

Conclusion

The successful discussion of rough neutrosophic multisets relation with application in marketing strategy
is obtained in this paper. Firstly, this paper is defined the rough neutrosophic multisets relation with their
properties and operations such as max, min, the composition of two rough neutrosophic multisets, inverse
rough neutrosophic multisets, and symmetry, reflexive and transitive of rough neutrosophic multisets. The
approximation set boundary of rough neutrosophic multisets was applied for rough neutrosophic multisets
relation. This relation theory is useful to apply in marketing strategy problem by getting the real relation of
goods sold in the market. Decision matrix analysis is further conducted to get the best result. For further work,
the relation of two universe sets can be derived as a rough neutrosophic multisets relation of two universe sets.
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