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Abstract

Fuzzy sets and their various generalizations, especially neutrosophic and multineutrosophic sets, have had an
essential imprint in other scientific, engineering, and applied fields. This came from the characteristics of
membership functions that determine the extent to which members belong to their sets, which is an important
criterion. Hence, the idea of building the optimal membership function for fuzzy set using the arithmetic mean,
we called this set by partner sets of a neutrosophic set of n-type.
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1. Introduction

The first to put the imprint of the fuzzy sets is Zadeh in his tagged research [5], fuzzy sets, inform and control in
1965. In the year 1975, Zadeh [6] introduced the second type of fuzzy sets and named it type-2 fuzzy sets. In
2002, Mendel and John [4] generalized the type-2 to n-times. It should be noted that Salama [1] generalized the
fuzzy sets in 2012 identified by Cadeh in the space X x I x I x I with certain conditions and named them the
neutrosophic topological space. Salama and some researchers also dealt with these sets and developed them at
level space P(X) x P(X) X P(X), and for more information you can refer to the book “Neutrosophic Crisp Set
Theory” authored by Salama and Smarandache [2]. Then the researchers Ahmed, Said, Luay [3] came to
generalize the neutrosophic crisp sets over 3n-times, i.e., in the space P(X)...x P(X) 3n-times, and binary
operations have also been placed on these sets. Imran et al. [7] gave fresh insights into the concept of
neutrosophic generalized semi generalized closed sets. Luay and Mustafa [9] also put a new sets imprint in the
family of neutrosophic crisp sets that are defined in the space P(X) X P(X) X P(X) n-times and with certain
conditions with the placement of binary operations on them and they have been called “Axial Set Theory”. The
important concept in our work is multineutrosophic set introduced by Smarandache in [10]. In this research, we
will put an ideal solution to many questions and problems, especially engineering, which we think is an optimal
solution for it, which talks about the process of choosing the priority of the membership function and what are its
conditions and features that can be chosen.

Definition 1.1 [12]

Let X be nonempty universal set and A be any nonempty subset of X. Then {< x,T,I,F >:x € X} is called
neutrosophic set and denoted briefly by A if T,1,F: X — [0,1] are degree of truth, indeterminacy, falsehood
memberships of x corresponding with the subset A, respectively. It is clear that

0 <infT +infl +infF < supT +sup! +sup F < 3.
Moreover, if the values of T,I, F are numbers from [0,1], then all of them have single-valued neutrosophic set
(SVNS).

Doi: https://doi.org/10.54216/1]NS.240101
Received: August 01, 2023 Revised: November 29, 2023 Accepted: March 02, 2024



https://doi.org/10.54216/IJNS.240101
mailto:pure.leal.abd@uobabylon.edu.iq

International Journal of Neutrosophic Science (IINS) Vol 24, No. 01, PP. 08-13, 2024

Definition 1.2 [10]

Let X be universal set and M be any nonempty subset of X. Then {< x, Ty, ..., Ty, I3, ..., I, Fy, ..., F; >:x € X} is
called multineutrosophic set and denoted briefly by M if Ty, ...,T,.: X — [0,1] are the degree of truth membership
functions of x corresponding with the subset M, I, ..., I;: X — [0,1] are the degree of indeterminacy membership
functions of x corresponding with the subset M, and Fi,...,F;: X — [0,1] are the degree of falsehood
membership functions of x corresponding with the subset M where r + s + t = n. It is obvious that

r N t r N t

0< z infT; + Zinflj + Z infF, < Z supT; + Z sup [; + Z supF, < n.
i=1 j=1 k=1 i=1 j=1 k=1

Definition 1.3

Let Ay,Ar be the neutrosophic intersection and t-norm, respectively. Moreover, let v,V be the neutrosophic
union and t-conorm, respectively. Let M;, M,be multineutrosophic sets with same (r, s, t)-form in X where M; =
(<x,Ty, s T Ay, o, I, Fy, o Fe >:x € XYand M, = (< x, T4, ..., T}, 1}, .., I, F}, ...,F{ >:x € X}. Then

(i) The multineutrosophic intersection
My Ay My = {< X, Ty Ag Ty, .., To A T L Ve I,y o I Ve I Fy Vi FY, oo Fo Vi FL > x € X}
(i) The multineutrosophic union

M Vy M, ={<x, Ty Ve Ty, . T, Ve Tp, I; Ag I, ..., I Ap I, Fy Ap F, ..., F; Ap Fl >:x € X}
2. The partner set of multineutrosophic set

Definition 2.1

Let X be the non-empty universal set and let M" = {< x, Ty, ..., T, I, ..., I, Fy, ..., F; >:1x € X,v + s+t = n} be
a multineutrosphic set in X. The fuzzy set M,, is called a partner set to the multineutrosophic set M" = {<
x Ty, e, T Iy, o, I, Fy,y oo, Fp >1x € X, 7+ 5 + t = n} and it has the following form

M, = {(x,an(x)):x € X}

where

r N t
1
an(x)=— ZTl‘l'ZIJ‘i'ZFk ,VXEX.
n i=1 j=1 k=1

In other words, the membership function of M,, is the mean or arithmetic mean (the sum of all T;, 1 <
i<rl,1<j<sandall F,1<k < tdivided by n). Here, we can take the mean (weighted mean, root mean
square, cubic mean, geometric mean, weighted geometric mean, harmonic mean, weighted harmonic mean,
generalized or power mean) or any tendency measure required to compare the scientific problems for 7,1 and F.

When we talk about the membership function and its specifications and which one is safer to choose,
many scholars focus on these features of this function because it is considered a standard measure of the degree
of belonging. We note that MATLAB has been fed with various forms of these functions. However, the question
remains: Is any membership function safer determining the degree of belonging? Is it equivalent to the
multineutrosophic with its partner? [11]

It is well known that to get an optimal solution for any linear programming problem using the direct
simplex algorithm should be processed to be in standard form, the simplex method for solving an LP problem
requires the problem to be expressed in the standard form. But not all LP problems appear in the standard form.
In many cases, some of the constraints are expressed as inequalities rather than equations:

Definition 2.2
Let X be a non-empty universal set. For any multineutrosophic sets A™ and B™, we defined the union and
intersection of them concerning partners A, By,.

1- Ap N By = {(x, fa,(X) A fp, (X)), x € X}.
2- Ay U B = {(x, fa, () Vr fp,, (X)), x € X}.
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Example 2.3
Let X ={1,2,3,4}, beasetand A = {1,2}, B = {3,4} be subsets of X. Assume that T; (x) = %,Tz (x) =

ﬁ,ll (x) = |Ty(x) — T,(x)|, Fy(x) = max{0, T, (x) + T,(x) — 1}. Let us suppose that the multineutrosophic
sets A3and B* are given as the following:

A3 = {(X, Tl(.X'), 11(X),F1(X)>:x € X}, B4 = {(X, Tl(X), TZ(x)'Il(x)l Fl(x)): X € X}

Then the table below shows the process of union and intersection between their partners.

X 1 2 3 4
fas (%) 0.67 0.28 0.28 0.283
f5, (%) 0.63 0.38 0.40 0.413
A3 N B, 0.63 0.28 0.28 0.283
A3 U B, 0.67 0.38 0.40 0.413

In general, we assign each multineutrosophic set with different membership function.
Definition 2.4

Let X be any non-empty set. Then
(i) The a-cut of the partner A,, for a multineutrosophic set A™ is
Ape ={x €X: fa,(x) = al
and the set of all a-levels of 4,, is
A(An‘a) ={a; fa,(x) = a for some x € X}

(i) The plinth of A,, is given as

P(A,) = inf £, (x)

XEX

(iii) The height of 4,, is given as

h(4y) = sup fa, ()

X
(iv) A partner set 4,, is called norm if h(4,) = 1, and subnormal if h(4,) < 1.
(v) The cardinality of A,, is given as

[Anl = > fu,CO),

XEX
(vi) The relative cardinality of A4, is given as
|4y
lA,Il = 07
(vii)  The partner cardinality set of multineutrosophic set A™ is given

Pa(An) = {<|An,a|' a)' a € A(An,a)}

The collection of all partner cardinality sets of multineutrosophic A™, for each natural number n is of the form
P,(X) = {P,(A,,): for each mutlineutrosophic set A™ and natural number n}

Example 2.5
Under condition example 2.3, we will find A3 , under A(AM) = {0.28,0.283, 0.67} as the following:

Aspas ={x €X: fo,(x) 2028} = {1,234} =X = |A3024| = 1X| =4
Aspags ={x €X: f5,(x) 20.283} = {1,4} = A = |A3243] = 2
Azpe7 = {x EX: fA3(x) = 0-67} ={1}= |A3,0.67| =|{1}| =1
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Then
P.(A3) = {{|A3,4| @), & € A(A34)} = {(|43025] 0.28), (|43 0283, 0.283), {|A30.67|, 0.67) }
= {(4,0.28), (2,0.283),(1,0.67)}
we will find B, , under A(B, ) = {0.38,0.40,0.413, 0.63} as the following:
Byoss ={x €X: fp,(x) 2038} = {1,234} =X = |By 34| = |X| = 4
Byoao = {x €X: fp,(x) = 0.40} = {1,3,4} = |By 40| = 3
Byoas = {x €X: f5,(x) = 0.413} = {1,4} = |By 13| = 2
Bioes ={x €X: f5,(x) 2 0.63} = {1} = |Byges]| = 1
Pr(By) = {(|B4-,a|: a),a € A(B4,a)} = {<|B4,0.38|v 0.38), <|B4,0.40|, 0.40), <|B4,0.413|, 0.413), (|B4,0.63|: 0-63)}
= {(4,0.38),(3,0.40),(2,0.413),(1,0.63)}

Remark 2.6
From the above definition (i), we can conclude the following for any 0 < @; < a, < 1 and n = m, whenever
n,meN

Apy., €A Apea, NAma, = Apaypand Ay o, UAp o = Ay,

na; maq’

Definition 2.7
The subcollection 7, . of P, (X) is called partner cardinality topology if it satisfies the following:
(i) Op.cs1pc. € Tpc Where

Ope ={<k,0>:Vk€{12,..,1X1}},1,. ={< k1> Vk €{1,2, .., |X]}}.
(i) For any P, (A,), Py(Bm) € Ty, then there exists a non-zero F,(Cy) € 1, . such that

[Pa(An) A Pa(Bm)] 9 Pa (Ck)

The symbol g means quasi-coincident.
(iii) Forany index ', P, (A ) € T, Vy €T, then there exists a non-zero £, (Cy) € t, . such that

\/ B (4n,) 4 RGO

yer

Remark 2.8

(i) Each P, (4,) € 7, iscalled P,-open setand its complement is P,-closed set.

(i) From example 2.4, we have 1, . = {0y, 1,, Px(A3), Py(B,)} is partner cardinality topology. In
general, and by this definition, it turns out that it is fuzzy topology.

(iii) The indiscrete partner cardinality topology is {0, ., 1, .. } and the discrete partner cardinality topology

is denoted by P,, (X) with the standard intersection and standard union.

Definition 2.9
(M A sticky set for P, (C,,) is given as
Ap {Py(Fp) is Py — closed:Ag By (Fr) g P, (Cr)}

S(F(Cp) = { Oy, otherwise

(i) We called the partner cardinality set P, (C,) is P,-dense if S(P,(C,)) = 1,...

Remark 2.10
By the above definition, it is not necessary that S(1,.) = 1, and S(0, ) = O, . as the following example.

Example 2.11
LetX ={1,2,3,4}and 1, = {Op ., 1pc, Py (As), P(Bs)} Where
P,(A,) = {<1,0.84 >,< 2,0.8025 >,< 3,0.7975 >,< 4,0.775 >}
1y — Py(Ay) = {<1,0.16 >,< 2,0.1975 >,< 3,0.2025 >,< 4,0.225 >}
P,(B,) = {<1,0.8275 >,< 2,0.815 >, < 3,0.8075 >, < 4,0.7425 >}
1, — Py(By) = {<1,0.1725 >,< 2,0.185 >,< 3,0.1925 >,< 4,0.2575 >}

Then S(Op.c.) = Op.c.'S(lp.c.) = Op.c.:S (1p.c. - Pa(A4)> =1 S(Pa(A4)) = 1p.c. - Pa(B4)u
S(Pa(B4)) = 1p.c. - Pa(A4): and S (1p.c. - Pa(B4)) = 1p.c.-

p.co

Remark 2.10

(M The intersection of two quasi P,-dense is quasi is P,-dense because if we take S(P,(4,)) =

S(Py(Bm)) = 1, with S(P,(A,) Ar Py (By)) # 1,., then there exists P & S(P,(A,) Ar P,(Bp)and P,-closed
11
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P, (Fy) such that P € P,(F,) and Py (F,) G (P (An) Ap Pu(Bi)) = Po(Fy) G Po(Ay) = P & S(Po(Ay)). This
contradiction.
(ii) If P,(4,) is a quasi P,-dense and P,(4,,) € P,(B,,), then P,(By,) is also quasi P,-dense.
(iii) The union of two quasi P,-dense is not necessary to be quasi P,-dense if we have

P,(C,) ={<1,0.8><2,0.7 >< 3,09 >,<4,089 >}

P, (F,) ={<1,0.7 >,< 2,067 >,< 3,03 >,<4,0.6 >}
S(Pa (C4)) = S(Pa (F4)) —1pe but S(Pa(c4) Vi Py (F4)) =1y — S(Pa(B4)) #1pe.
(iv) The relation S(S(P,(4,))) S S(P.(A,))holds true but the converse may not true. See above example,
S(lp.c. - Pa(A4)) = 1p.c. but S(lp.c.) = Op.c.'
(v) The following holds true S(P,(4,,) V¢ P,(B,)) = S(P,(4,)) Vi S(P,(B,,)) because there exists
AgBVCiffAgB vAgcC.
(vi) The following holds true S(P, (4,,) Ar P,(B,)) = S(P,(4,)) Ar S(P,(B,,)) but the converse may not
true. See the above example, 1, . — Py (A4) Ap 1, — Py(By) = Oy and S(0,.) = O but 1, Ay 1,0 =
Lye.
(vii) The following holds true, P,(A,) Ar S(P,(Bpn)) € S(P,(A,) Ar Py(By,)). Since for any fuzzy point
PY € P,(Ay) Ar S(Py(Bp)) = PF € P,(4,) Ar PY € S(P,(By)). ifitis possible that P ¢
S(P,(Ap) Ap Py(Bp)) = PE & S(Py(By)). This is contradiction.

Definition 2.11

(i) Packing set for any partner cardinality set P,(A™), according to the formula
P(P,(An)) = 1—S(1 = P,(4y)).
(i) There are same facts that we can get from this definition which are

S(1- Pa(An)) =1- P(Pa(An))

S(Pa(An)) =1-P(1- Pa(An))

P(1— Pa(An)) =1- S(Pa(An))
P(Py(An)) A Py(By) = P(Py(An)) A P(Py(Bn))
P(Py(An)) V P(Py(Bn)) S P(Py(An)) A Py(By)

P(P,(Ayn) S P(P(Py(4r)))

3. Conclusion

The set S(P,(4,)) does not have to be P,-closed for P,-open set and according to the type of intersection
adopted for example in the case of taking the standard intersection S(P,(D,)) = {< 1,0.16 >,< 2,0.1925 >, <
3,0.2025 >,< 4,0.225 >} where P,(D,) ={< 1,09 >,< 2,0.84 >, < 3,0.83 >, < 4,0.84 >}. Moreover, the
set P(P,(A,)) does not have to be P,-closed for P,-open corresponding any partner set P, (4,). A new definition
can be built to a topology space that is synonymous with what was built in Definition 2.7.
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