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Abstract

This study is concerned with the k - minus and k - regular ordering of Neutrosophic fuzzy matrices.
We also explore the extensions of intuitionistic to k - minus and k - regular neutrosophic fuzzy
matrices. Finally, we explain some examples of k - minus and k — regular ordering. Then we
determine the right and left g- inverses theorem outcomes.
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1.Introduction :

Matrices serves an important part in many fields, including mathematics, statistics, physics,
engineering, data processing and so on. However, Mathematics is used in everyday life to solve
problems in economics, engineering, social science, medicine and other fields. As a result of the
numerous sorts of uncertainties found in real-world problems, we cannot apply typical classical
matrices properly. Fuzzy sets are today's probability. Rough sets are used as a mathematical tool for
copying with uncertainties if sets are ambiguous.

Ben lIsrael and Grevile [2] discussed the concept of generalized inverses. In [1], Atanassov
introduce intuitionistic fuzzy sets. Meenakshi and Gandhimathi [9], investigated the regular
intuitionistic fuzzy matrices. Pal and Khan work on intuitionistic fuzzy matrices is a generalization of
the work on fuzzy matrices in [9]. Kavitha, et.el [8], suggested minus ordering on fuzzy neutrosophic
soft matrices. In [3], Cen explained T - ordering in fuzzy matrices and investigated the relationship
between T - ordering and generalized inverse. Cho's fuzzy matrices equations are reported in [4] along
with their consistency. Recently, Meenakshi and Jenita [11] introduced the idea of k - regular fuzzy
matrices as a generalization of regular fuzzy matrices. Jenita, et.el, presented by Generalized
Regular Intuitionistic fuzzy matrices [6].

Inverse generalized intuitionistic fuzzy matrices were introduced by Pradhan and Paul
[13].Generalized inverses of the block of the original matrix described by Pradha and Pal [12], a
technique for calculating the inverse of an intuitionistic fuzzy matrix. Jenita and Karuppasammy [6]
presentation of the k -regularity of fuzzy block matrices. Jenita and Karuppasammy [5] discussed
fuzzy generalized regular block intuitionistic fuzzy matrices. Zadeh introduced a Fuzzy sets [17].
Intuitionistic fuzzy sets and system was introduced by Atanassov [1]. Convergence of powers of a
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fuzzy matrix introduced by Thomson [16]. Smarandach discusses about Neutrosophic set as a
generalization of fuzzy sets [15]. Punithavalli and Karthika discuss some characterization on Moore —
Penrose inverse of symmetric Neutrosophic Fuzzy Matrices [14].

2.Premilinaries :

Definition 2.1 [14]

Let S be a fixed set that is not empty. A Neutrosophic set X is an object that substantially
derives from the sets {77, 7, F} where T, 7 and F stands for the degree of membership, degree of
Indeterminacy and degree of non — membership which can be definedas0 <7 +7+F <3
for every [ X z matrix.

Definition 2.2 [14]
A Neutrosophic Fuzzy Matrices S = S7;, S/}, 8/ € NFMs,, is know as to be regular

that there exist a matrix U = U], U};, Uf; € NFMsy, to such that SUS = U.Then U is

called g — inverse of S. Let §(1) = {

I %z
Definition 2.3 [15]

Let S and U be a two Neutrosophic Fuzzy Matrices .Where § = {s§7,s,87} and
U = {Uu”,u’,uf }. Then we defined as,

—} the arrangement of all fuzzy matrices of order
SUsS=U

SO U=max(ST,U"), min(S’, U, min(S¥,ur)

S ® U =min(ST,UT), max(S!, U, max(SF,UF).
Definition 2.4 [14]

Let s =S7,8/,8; and U =U],Uj;, Uf; be two Neutrosophic Fuzzy Matrices
product SU is defined by,

SU = {max(min(ST,UT)), max(min(S!, U")), min(max(S¥, uU))}.

Definition 2.5 [6]

Let § be a Neutrosophic Fuzzy Matrix of order I. If there exist a matrix V €
(NFMs),, such that SV §* = $*, for some positive integer k, the matrix is said to be right k
—regular. Then V is called left k — g - inverse of S . We write $;{1%¥} = {V|sV §k = §k}.
Definition 2.6 [6]

Let S be a Neutrosophic Fuzzy Matrices of order I. If there exist the matrix U € (NFMs),,
such that S¥US = S* for some positive integer k, the matrix is said to be right k — regular.
Then U is called right k — g - inverse of. We write S,.{1*} = {U|s* U s = s*}.

Proposition 2.7 [6]
Let S, U € (NFMs), for some positive integer Kk then,
Q) If S is a right k — regular and R(U) € R(S*) then U = UXS for each
right kK — g —inverse X of S.
(i) If S is a right k — regular and C(U) € C(S*) then U = SYUfor each
right kK —g —inverse Y of S.
Proposition 2.8 [6]
Let S, U in Neutrosophic Fuzzy Matrices of order Ix z then R(SU) S R(S),
C(SU) € c(9).
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Proposition 2.9 [6]

Let § € (NFMs);x,m, and U € (NFMs);x, R(U) € R(S) iff U = XS for some
X € (NFMs);, C(S) € C(S) iff U = SY forsome Y € (NFMs),.

Proposition 2.10 [6]

If § € (NFMs), and k be a positive integer, then X € S, {1¥} iff XT € S¥ {1%}.
Remark 2.11 [6]

Every member of the set S{1%} is reffered to a k — g —inverse of S. Then for any
positive integer p > k if S k — regular then S is p — regular. For k = 1, ${1%} reduces to the
set of all g — inverse of a regular matrix S.

Definition 2.12 [7]

Let S be a Neutrosophic Fuzzy Matrices of order |, is said to be {3*} inverse if there

exist a matrix X € (NFMs), such that (§*¥X)T = Sk X for some positive integer k. Then X is

called {3} inverse is §.we can write S {3¥} = {X/(SkX)T _ SRX}'

Definition 2.13[7]
Let S be a Neutrosophic Fuzzy Matrices of order |, is said to be {4*} inverse if there
exist a matrix Y € (NFMs); such that (S¥Y)T = S*¥X for some positive integer k. Then Y is

called {3*} inverse is S.we can write § {4%} = {Y/(Sky)T _ SkY}'

Definition 2.14[14]

Each row and each column should have exactly one (1,1,0) and all the other entries
are (0,0,1) of a square Neutrosophic Fuzzy Matrices is called the Neutrosophic Fuzzy
Permutation matrices.

Theorem 2.15 [7]
ForS§ € NFMs; and € = F§G
(i) If F,G € S,.{1¥}then € € §,{1%}
(iiy IfF,Ge §{1%}then € € §{1F}
(iiiy IfFe S.{1¥}thenG € S,.{3F}then € € S{3*}
(iv) Ifge S{1¥}thenG € S,.{4¥}then € € S{4*}.
Proposition 2.16 [7]

If S,V € (NFMs)x, , R(V) < R(S) iff V=X§ for some Xe€ (NFMs),
Cc(V) c ¢c(S) iff v = SY forsome YE (NFMs),.

Proposition 2.17 [7]

Let S Neutrosophic Fuzzy Matrix in order [ and k be a positive integer, thenX €
S {1k} iff XT ee ST{1%}.

Proposition 2.18 [7]

Let § and V are two Neutrosophic Fuzzy Matrices in order [ X z, R(SV) S R(S),
C(SV) c c(S).

Remark 2.19 [7]

If every element of the set S{ 1%} is called a k — g- inverse of S. If S is k —regular
then S is g- regular for all integers p > k. For k = 1, S{ 1%} reduces to the set of all g- inverse
of a regular matrix S.

Remark 2.20 [7]

If S is Neutrosophic Fuzzy Matrix of row rank p,.(§), has number of independent
rows, which generates the row space R(S) .If § Neutrosophic fuzzy is a matrix of column
rank pe(8) of has numbers columns, which generated the column space C(S).
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3. k —minus Inverse of Neutrosophic Fuzzy Matrices
Definition 3.1

If S,V in Neutrosophic Fuzzy Matrices of minus orderings which is denoted as
S <;Vandisdefinedas S <i Viff SkKX =V*X forsome X € S{1*¥}and YS* =YV* for
some Y € S{1%}.

Example

_[(0.5,0.2,0.1) (0.2,0.3,0.4) 52_[(0.5,0.2,0.1) (0.2,0.3,0.4)
(0.3,0.2,0.1) (0.2,0.50.4)] © ~[(0.3,0.2,0.1) (0.2,0.5,0.4)

§=52
(1,1,0) (0,0,1)
[(0,0,1) (1,1,0)

L= ] and p, = [(0,0,1) (1,1,0)

(1,1,0) (0,0,1)
Sp,S=8

s _[(0.5,0.2,0.1) (0.2,0.3,0.4)
#171(0.3,0.2,0.1) (0.2,0.5,0.4)

SpS =8,5p.S # 8 , Hence S is not regular

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

For, X = [(0.2,0.2,0.1) (0.2,0.5,0.4)

s2y = [(0.5,0.2,0.1) (0.2,0.3,0.4)
(0.3,0.2,0.1) (0.2,0.5,0.4)

S2XS = §2

Hence Sis 2 —regular and V is a 2 — g inverse

For17_[(0.6,0.2,0.1) (0.2,0.3,0.4)] 1;2_[(0.6,0.2,0.1) (0.2,0.3,0.4)
' 71(0.3,0.1,0.1) (0.2,0.504)]" ~ ~[(0.3,0.1,0.1) (0.2,0.5,0.4)
V= P2
D2y = [(0.5,0.2,0.1) (0.2,0.3,0.4)

~1(0.3,0.2,0.1) (0.2,0.5,0.4)

VIX=8*X=S§

[(0.5,0.2,0.1) (0.2,0.3,0.4)
(0.3,0.2,0.1) (0.2,0.5,0.4)

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

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

Y V? =
v-|
- |
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,_[(0.5,0.2,0.1) (0.2,0.3,0.4)

re®= (0.3,0.2,0.1) (0.2,0.5,0.4)
Y§2=8=YV2
Proposition 3.2

For S,V € (NFM), the following statement are,

(i) If V is right k — right and R(S*) € R(V*) then ¥ = S¥XV for every
right k — g-inverse X of V.

(i)  IfVisleft k —rightand C(S*) € ¢(V¥) then ¥ = VYS* for every
left kK — g-inverse Y of V.

Proof

(i) Since R(S*) € R(V*) there exist regular matrix Z such that
Sk =2zvk=2zvkXV
=Skxv
(i)  Since C(8*) c ¢(V¥) there exist a regular matrix Z such that

Sk=vkz=vykz
sk =vysk,
Theorem 3.3
If § and V are neutrosophic fuzzy matrices of order I, then the following

Conditions holds,

i S <zV

(iiy Sk=Vvkx s =SYV*forsome X,Y € S{1*}.
Proof

@H = (i)

S <z V=8kx=vky, Xe s{1¥}

YSk=yvk ve s{1f}
Sk=8kX8§=(skX) s =V*X s
Sk=VkXs =8y V¥
(i) = ()
LetC = XSX, X € S{1¥}
Skes =8%XSX)S = (S*X8$HXS

= SkX§
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Since C € S{1k}
Similarly,
SDS* = sk, D =vsy forY € s{1f}
sk e =s*xsX)
= (S*X8)X
=Skx
=(VkXS) X
=Vk(X S X)
=vke
Here, Sk¢ = V*¢ for some € € §{1¥}
DSk = D V* for some D € S{1f}
Hence the proof.
Theorem 3.4

For § and V are Neutrosophic Fuzzy Matrices in minus ordering of order I, if § <},
V then R(S*) € R(VK), c(s¥) c c(VF) and S¥X S = Sk =V YS* foreach X € V{1F}
and for each Y € V{1f}.

Proof

By theorem(3.3), Sk =S Y V¥ = VkX s

By proposition (3.2 ), R(§¥) = R(S Y VK) € R(VF)
C(§k) = e(VkX 8s) c evh).

Theorem 3.5

Let S,V are two minus ordering neutrosophic fuzzy matrices of order I, then the
following are equivalent,

(i) S < S.

(i) S <z VandV <; S, then sk =Vk,

(i) S <xVandV < U, thensS < U.
Proof

Q) S <j § isobvious
Hence <}, is reflexive.
(i) By proposition (3.2)
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S <; V =8k =vkxs forsome X € V{1¥} and
V < § = Vk = vy sk for some Y € V{1F}
Now, $* = VkXs
= (VYshHX s
= (VYsk)
= Sk

(iii)  From theorem (3.2)
S <z V=8V v=vv-skforv- e v{1¥}
V< U>VE=Uukv-v=vv-u*forv- € s{1¥}

Let X~ = V~VK for some V- € V{1¥}, A € S{1¥}
Skx's = SK(V-VA)S
= (SKVV)AS
=skus = sk
Therefore X' € ${1%}
LetY’' = BYV~ for V= € V{1¥} and B € s{1}}
Then, SY'S* = S(BYV™)Sk
= SY(VY-s§H)
= SBSk=S§k

Therefore, Y’ € S{1f}
SkA = SkW~Vk)

=Skv-1v) A

= skA
SkA=vkA

=UK(V™V A)

=U*A  forsome X' € S{1%}
X' sk = (BYY-) sk

=BV~ sk

=BSk=sPk

=B(VV~UY)
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= (BYV)uk
=y'uk  forsomeY’ € s{1f}
Therefore, § <, VandV <; U,thenS <, U

Hence <}, is transitive.

Theorem 3.6
If §,V € (NFMs); , then the following conditions are holds.

() ROV S R(SH)=ceWT) ce(sT
(i) CW)ce(sH)=>RWT) cR(ST)

Proof

Q) By Proposition (2.17)
If V is a right k — regular and R(V) € R(S¥), then
V=VXs§=>VI=Wx 8T

- ST XTVT
By Proposition (2.17),c(VT) c ¢(8T).

(i) By Definition (2.11)
If Sis left k — regular and C(V) € C(S§%)
V=8YV =V = (SYv)T

- VT YT ST
By Definition (2.11), R(VT) € R(ST).
Theorem 3.7

For any two minus ordering Neutrosophic fuzzy matrices of order I, if § <j V with
V¥ is idempotent then S*is idempotent.

Proof

By Proposition (2.7) § <; V = 8% = SYVk =vkXS forXY € S{1%}

S2k = gk gk
= (SYVF) (VkXS)
=SY(V?k) XS
=SYVkXS
= Skxs
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52k - Sk
Hence the proof.

Example

. [(0.7,0.6,0.2) (0.2,0.2,0.2)
~[(0.2,0.2,02) (0.6,0.5,0.4)

(0.7,0.6,0.2) (0.2,0.2,0.2)
(0.2,0.2,0.2) (0.6,0.5,0.2)

(0.7,0.6,0.2) (0.2,0.2,0.2)]
(0.2,0.2,0.1) (0.6,0.5,0.2)

(0.7,0.6,0.2) (0.2,0.2,0.2)]
(0.2,0.2,0.2) (0.6,0.5,0.2)

(0.8,0.7,0.2) (0.2,0.2,0.2)
(0.2,0.2,0.2) (0.9,0.6,0.2)

(0.7,0.6,0.2) (0.2,0.2,0.2)
(0.2,0.2,0.2) (0.6,0.5,0.2)]

] = §2, is idempotent

V= [ ] =V?2 | is idempotent

Letc/l=[
SZCA:VZCA:[

Leth[ ]zBZ

BSZ=BV2=[

Conclusion

In this article, we discuss about k — minus and k - regular Neutrosophic fuzzy
matrices. Also we extend the intuitionistic k — minus and k - regular fuzzy matrices to
Neutrosophic fuzzy matrices.
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