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ABSTRACT

In this paper, some types of neutrosophic fuzzyricest have been detailed and the
following operators®, ®, © are defined for this neutrosophic fuzzy matrigesrtain
Properties based on these operaf®rs®, © have been presented. In addition, some
results on the existing operators like A along with these operators are also put forth.
Numerical examples are also provided.
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1. Introduction

Neutrosophic set is a new mathematical tool fordliag problems involving imprecise,
indeterminacy and inconsistent data. In 1988, Snumehe introduce the concept of a
neutrosophic set from a philosophical point of viéMae neutrosophic set is a powerful
general framework that generalizes the conceptizdyf set and intutionistic fuzzy set.
Each element had three associated defining fursitisamely the membership function
(T), indeterminacy function (1), the non-membershipction (F) defined on the universe
of discourse X, the three functions are completetiependent. The theory has been
found extensive application in various fields [Jr fdealing with indeterminate and
inconsistent information in real world.

Fuzzy matrices play an important role in science tthnology. However, the
classical matrix theory sometimes fails to solve firoblems involving uncertainities,
occurring in an imprecise environment. In [7] Thaaa introduced fuzzy matrices to
represent fuzzy relation in a system based on fsetytheory and discussed about the
convergence of powers of fuzzy matrix. In 2004, #asamy and Smarandache [5]
introduced fuzzy relational maps and neutrosophétational maps. In 2014,
Smarandache [6] introduced a type of neutrosoplitices, called Square neutrosophic
matrices, whose entries are of the formld (neutrosophic number), where a,b are the
elements of [0,1] and | is an indeterminate suel kh= I, n being a positive integer.
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The paper is organized as follows: Section 2 dedlsthe preliminaries of Neutrosophic
fuzzy set. In Section 3, after reviewing the consepf Neutrosophic fuzzy set, some
special types of Neutrosophic fuzzy matrices am®duced. Section 4 demonstrate these
operatorsd, ®, © on Neutrosophic fuzzy matrix and investigate spmoperties based
on these operators. Numerical examples presenteddtion 5. Conclusion is given in
last section.

2. Preliminaries

Definition 2.1. (Neutrosophic set)Let X be a non -empty set. A neutrosophic sesA i
an object having the form A = {, us(x),04(x),v4(x)) : x € X} where the
functions py: X -»]70,17[,04: X->]70,17[ , v4: X—>]70,1*[denote the degree of
membership function , degree of indeterminacy fiemgtdegree of non-membership
function respectively of each element X to the set A and0 < u, (x) + g,(x) +

v, (x) < 37, for eachx € X.

Definition 2.2. (Neutrosophic fuzzy setlet X be a non - empty set. A neutrosophic
fuzzy set A is an object having the form A &{u,(x),0,4(x),v4(x)) : x € X} where
the functions py,: X —=[0,1], g4: X—[0,1] v4: X=[0,1] denote the degree of membership
function , degree of indeterminacy function , degref non-membership function
respectively of each elemeni X to the set Aand & p,(x) + a4(x) +v,u(x) < 3, for
eachx € X.

Definition 2.3. (Complement of a neutrosophic fuzzyset) Let X be a non-empty set
and let A = {x, us(x),04(x),v4(x)) :x € X} and B = {{x, ug(x), 05(x),vg(x)) : x €
X} two neutrosophic fuzzy sets on X then

0] AcCBiff uy(x) <pug(x),o,(x) < ag(x) andvy(x) = vg(x) forallx € X.

(i) A =Biff A € B and Bc A.

(i) A={{xva(x), 1 = g4(x), ua(x)) : x € X}.

(iv)  AOB ={{x, ua NN (x), g4 (X)A (1- 05 (x)), va(x)Vup (x)}.

Definition 2.4. (Emptyneutrosophic fuzzy set)A Neutrosophic fuzzy set A over the
universe X is said to be null or empty Neutrosophizzy set if py(x) = 0,0,(x) =
0,v4(x) =1 for allx € X.It is denoted byy.

Definition 2.5. (Absolute neutrosophic fuzzy set)

A Neutrosophic fuzzy set A over the universe Xdgldo be absolute neutrosophic fuzzy
setif puya(x) =1,04(x) =1,v4(x) = 0 for all x € X. It is denoted by,.

Definition 2.6. (Union and Intersection of neutrosphic fuzzy sets)Let X be a non
empty set and let; i € J be an arbitrary family of Neutrosophic fuzzy setsX where

Ai = {(X, HAi(x)l O'AL.(X),VAi(X)) ‘X E X}! then
() U4; = {(xrvie]ﬂA(x)vViE]aA(x)' /\iE]VA(x))
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(if) NA; = {{x, /\iE]ﬂA(x)' /\iEJUA(x)zVie]VA(x))

3. Fundamental neutrosophic fuzzy matrices

Definition 3.1. (Neutrosophic fuzzy matrix)Neutrosophic fuzzy matrix of order mn

is defined as A = (@m xn Where @ = (uq(x), o,(x), ¥4(x)) is the ij th element of A
where u,(x) denote the degree of membership functig{,x) denote the degree of
indeterminacy function ang,(x) denote the degree of non membership function
respectively.

Definition 3. 2. (Null neutrosophic fuzzy matrix) Neutrosophic fuzzy matrix is said to
be Null Neutrosophic fuzzy matrix if all its entsiare zero, i.e., all elements are (0,0,1).

Definition 3.3. (Unit neutrosophic fuzzy matrix) A square Neutrosophic fuzzy matrix
is said to be unit Neutrosophic fuzzy matrix; ifa(1,1,0) and & (0,0,1),i= j for all i,j.
It is denoted by I.

Definition 3.4 (Symmetric neutrosophic fuzzy matrk) A square Neutrosophic fuzzy
matrix is said to be symmetric Neutrosophic fuzatnm if g = g;.

Definition 3.5. (Triangular neutrosophic fuzzy matix) A square Neutrosophic fuzzy
matrix is said to be triangular Neutrosophic furastrix if either § = (0,0,1) for all >
jor g =(0,0,1) for all K j: i,j =1,2,...,nz.

A square Neutrosophic fuzzy matrix is said to bparptriangular Neutrosophic
fuzzy matrix if either a = (0,0,1) for all & j and is said to be lower triangular
Neutrosophic fuzzy matrix ifjee (0,0,1) for all & j: i, j =1,2,...,n.

3.1. Special neutrosophic fuzzy matrices
Definition 3.1.1. Vandermonde neutrosophic fuzzy maix
A Vandermonde Neutrosophic fuzzy matrix of ordés of the form
[(0,0,1) a; af.. af™']
Vv 100,01 a, a3.. at?|

0,01) a, a%.. a!
A Vandermonde Neutrosophic fuzzy matrix is alsdechhn alternate neutrosophic fuzzy
matrix. Sometimes, the transpose of an alternatzyfumatrix is known as the
Vandermon defuzzy matrix.

Definition 3.1.2. Moore neutrosophic fuzzy matrix
A moore fuzzy neutrosophic matrix is a Neutrosopghizy matrix of the form

65



R.Sophia Porchelvi and V.Jayapriya

n—-1

[x, x7 o A ]|

q qn—l

R
Xy 23 x0T

Definition 3.1.3. Anti —diagonal neutrosophic fuzzymatrix
Anti — diagonal is the diagonal of a fuzzy matriariing from the lower left corner to the
upper right corner of the matrix. An anti-diagonautrosophic fuzzy matrix is a
Neutrosophic fuzzy matrix where all the entriesze® except the anti — diagonal.
a (0,0,1) (0,0,1)
A=1(0,0,1) b (0,0,1)
(0,0,1) (0,0,1) c
Neutrosophic fuzzy matrix is a square Neutrosoftizy matrix which has zeros in all
entries except the first row, first column, and thain diagonal. The general form of an
Arrow head matrix is
a1 Q12 Q13 Qyg
_|az1 az2 (0,0,1)(0,0,1)
" 1a31(0,0,1) azz (0,0,1)
a41(0,0,1)(0,0,1) ays

Definition 3.1.5. Band neutrosophic fuzzy matrix
A band Neutrosophic fuzzy matrix is a sparse Neaiphic fuzzy matrix whose non
zero entries are confined to a diagonal band, csimgrthe main diagonal and zero or
more diagonals on either side. The general fora B&nd matrix is
a1 Qg (0,0,1)(0,0,1)(0,0,1)]
a1 Azz a3z (0,0,1)(0,0,1)
A=(001) as; azz; az (0,0,1)
100,D(001) as;  ay  ays
1(0,0,1)(0,01)(0,0,1) ass ag. |
Let us consider a X n fuzzy matrix A = ;). If all the elements of the matrix are zero
outside a diagonally bordered band whose rangetéesmined by the constants p and g as
follows:

a;j=0ifj<i—porj>i+q,pq=0,thenthe quantities p and g are called the lower
and upper bandwidth, respectively. The bandwidtthefmatrix is the maximum of p and
q, thatis it is the number r such that = 0 if |i — j| > r.

A Neutrosophic fuzzy matrix is called a banded resdphic fuzzy matrix if its

bandwidth is reasonably small. A band Neutrosoghizzy matrix with p = g=0 is a

diagonal Neutrosophic fuzzy matrix. A band Neutpdso fuzzy matrix withp=q =11is

a tridiagonal Neutrosophic fuzzy matrix. When p ==q2, it is a pentadiagonal
Neutrosophic fuzzy matrix. If p = 0, g = n-1, wet @& upper triangular Neutrosophic
fuzzy matrix. Similiarly, for p = n-1,g = 0, we @i a lower triangular Neutrosophic
fuzzy matrix.
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Definition 3.1.6.Binary neutrosophic fuzzy matrix
A Binary Neutrosophic fuzz matrix or a Boolean fuzzy neutrsophic matrix iseing
Neutrosophic fuzzynatrix with entries either zero or o

Definition 3.1.7.Permutation neutrosophic fuzzy matrix

A PermutatiorNeutrosophic fuzz matrix is a square fuzzy neutrsophic matrix obta
from the same size identity matrix by a permutatibrows. Every rorand column has
single (1,1,9with (0,0,1) ‘s everywhere el

Definition 3.1.8.Exchange neutrosophic fuzzy matri

The exchangduzzy neutrsophic matrix is an a-diagonal fuzzy neutrsophic matrix
which all the entries in the a- diagonal ar¢1,1,0) and all the other elements are (0.
It is also a special case of permutaiNeutrosophic fuzzy matrix.

Definition 3.1.9.Bisymmetric neutrosophic fuzzy matrix
A bisymmetric Neutrosophic fuzz fuzzy matrix is a square fuzzy neutrsophic me
which is symmetric about both of its main diago. More precisely anxn matrix B is
bisymmetricNeutrosophic fuzz fuzzy matrix if it satisfies both B =" and BE = EB
where E is the xn exchange fuzzy neutrsophic mat

abcde

[f bghd]

B=|cgigc]
|dhgfb|
legcpal

Definition 3.1.10.Centro symmetric neutrosophic fuzzy matri

A matrix which is symmetric about its center is ledl centri symmetric fuzzy
neutrsophic matrix. More precisely A =] is centrosymmeteric when its entries sati
Aij = Ami-it1m-j+1 for 1< i,j <m. (i.e) If E denotes the kRm matrix with all the
counterdiagonal elements as (1,1,0) and (0,0,1¢whlsre ,then a matrix A
centrosymmetric if ah only if AE = EA. The matrix sometimes named as t
exchange matrix.

Definition 3.1.11.Persymmetric neutrosophic fuzzy matrix

A persymmetric fuzzy neutrsophic matrix is a squaszy neutrsophic matrix which
symmetric in the northe«to-southeast diagonal or a square fuzzy neutrsophtcxn
such that thevalues on each line perpendici to the main diagonal are the same ft
given line.
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NN
-

Definition 3.1.12.Block neutrosophic fuzzy matrix
A Block Neutrosophic fuzz matrix is a fuzzy neutrsophic matrix which is obtd using
smaller matrices called bloclt is also called partitioned fuzzy neutrsophic ncas

For example,[’(i,1 g] where A,B,C,D are fuzzy neutrsophic matrices,is lacB
Neutrosophic fuzzynatrix.

Definition 3.1.13.Sparseneutrosophic fuzzy matri;

A Neutrosophic fuzzymatrix in which most of its elements zero is called a spar
fuzzy neutrsophic matr. Also, if most of the elements are nonzero, then
neutrosophic fuzzynatrix is said to be dense.

Definition 3.1.14.Toeplitzneutrosophic fuzzy matrix
A n x n Neutrosophic fuzz matrix in which the negative sloping diagonal eletseare
constants is called a Toepneutrosophic fuzzy matrix . Its of the form
Xo X_1X_p-X—(n-1)
[ X1 XgX_q o ]
T= | X2 Xq Xo v |

ltpey = o x|

4, Operators on reutrosophic fuzzy matrices

Let M = (M;;) andN = (N;;) be two Neutrosophic fuzayatrices of orden x n then
(i) M@ N = [(m;; + ny;) - (my; . nyj)]

(i) M ® N = [m;; .n;]

(i) MON = [m;; — nyj]

(iv)  M'=[my]

(V) M AN= [mij/\nij]

(vi) MVN = [m;;Vn;]

Property 1. If M and N are symmetriNeutrosophic fuzzy matricédken VOGN, M ® N,
MON and NOM are symmetrilNeutrosophic fuzzy matrices.

Proof: Let M =[m;;] and N =[n;;] be two symmetrid\eutrosophic fuzz matrices
Thereforemij = my; andnij = N

Letc;; be the ijth element of N

cij = (myj +ngj) - (myj . nyg) = (my; +ny) - (M. ngg) = ¢
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Hence MPN is symmetric Neutrosophic fuzzy matrices
Letd;; be the ijth element of @ N

dijz ml-]- YLU = mjl- Yl]l :d]

Hence M®N is symmetric Neutrosophic fuzzy matrix.
Lete;; be the ijth element of ND N

eij = (my; —nyj) = (my; —nyg) = ey

Hence NODM is symmetric Neutrosophic fuzzy matrix.
Let f;; be the ijth element of ND N

fij =y —my) = (n; —my) = fji

Hence N©M is symmetric Neutrosophic fuzzy matri.

Property 2. Let M, N be any two Neutrosophic fuzzy matricéert

(i) MO®N=M®®N

(i) M BN =M @N

Proof: (i) Letc;; andd;; be the ijth element of MON and M'® N’ respectively.
ejj = Cji is the |Jth element Of(M @ N)’ Thenci]: mg; . ng;. ThUSCi]' = mj; . Njj.
andd;j=m;; . nj;. Therefored;; = e;; for all i,.

HenceM ® N)'= M'® N

(ii) Let ¢;; andd;; be the ijth element of MDN and M’ @ N’ respectively.
Thereforee;; = c;; is the ijth element of M & N)'.

Then.cl-]: (m” + Tlij) - (m” . nij) and dl] = (m]l + Yl]l) - (m]l . n]l)

ei; = (my; + nyp) - (my; . ) =dyj.

Hence(M @ N)''= M'®N'. =

Property3. Let M, N, P be three Neutrosophic fuzzy matri¢ben

() M®N =NOM

i) MON=N®M

(i) (M@ N) PP =MB(NDP)

(iv) M®N)®P=M®(N® P)

Proof:

(i) ME@N =[(m;; + n;;) - (my; . )] = [(ngj + myj) - (. my;)] = ND M
(ll) M@N =m”nl}= n”ml]= N@M

(i)  M®N = [(m;; +nyj) - (my; . ny5)] =r; and P =p;;

(M@ N) ®P =[(ry; +pij)- (ri; pij )] =M B(NDP).

(ivy (M®N)® P=m;.nj)py; =myj. ng.pjj =my;.(n;.py)) =M ® (N® P)
(M@N) ®P = MB(NDP).m

Property 4. If M is a symmetric Neutrosophic fuzzy matrix thg( M@M*) is
symmetric Neutrosophic fuzzy matrix .

Proof: M @M‘ = [( mij +m]l) —(mij. mﬂ)] and h@( M @M') = tij! Wheretii =1
and
tij = [(my; + mj;) - (my; . my;)] for i+ j.
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Now, t;; = [(m;; + myj) - (m;; . my;)] =t;;.That is each diagonal elements gb( M
@®M*) is 1 and all non diagonal elements @rg; + m;;) - (m;; . m;;).
Hence |& (M®M*) is symmetric Neutrosophic fuzzy matri.

Property 5. For any two Neutrosophic fuzzy matrices M and (M,V N) V (MGN) =
(M VN).

Proof. Letc;; ,d;; and e;; be the ijth elements of (WN), (MON) and (MV N) V
(MON) respectively.

Let Cij = {ml]V nl]} = { :umUV#nU 70-mijvo-ni]‘l le]/\ )/Tlij}

dij = {Hmij /\Ynij aUmijA (1_0-ni]-)1 Vmijvﬂnij}

eij ={ Hmuvﬂnu -O-mijvo-nij' Ymu/\ )/Tlij} V{:umu/\)/nu 1 UmijA (l_anij): ymijv/'lnij} =
Cij-

Therefore (MV N)V (MON) =(MV N). m

Property 6. Let M, N and P be three Neutrosophic fuzzy matritesn M@ (NVP) =
(M ®&N) V (MBP).
Proof. Letc;; , d;j.e;j.f;jand gl-jbe the ijth elements of (WP), (M ®N), (M &P),M D
(NV P) and (M@N) V (ME@P) respectively.
Let ¢;; = max {n;;Vp;} , dij =[( my; +ny;) -(myj. ny;)l ey =[( nyj+pi5)
- (nyj - pij)]
[(my; + ngj) - (my; . )], mg; > pyj
[(my; + pij) - (Mg . pij)] i < pij
4 - .. 'd..> ..

gi; = max {dijveij} — {[( m; nu) (mu nl])] ij €ij

[(my; +pij) - (M. pij)] dij < e
Therefore, M (NV P) = (M@N) V (MPP)=

fij = myj @max {n;;V p;;} = {

5. Numerical examples

Example 5.1.

M = (0.2,0.3,0.5) (0.1,0.3,0.5)] N =[(0.1,0.4,0.5) (0.3,0.6,0.7)
(0.1,0.3,0.5) (0.4,0.3,0.3)] (0.3,0.6,0.7) (0.2,0.4,0.5)

Neutrosophic fuzzy matrices.

. 0.27,0.58,0.75 0.27,0.72,0.85

() MON = go.27,0.72,0.85§ E0.27,0.58,0.75§

matrix.

are symmetric

] is symmetric neutrosophic fuzzy

i} 1(0.02,0.12,0.25)  (0.03,0.18,0.35)
(i) M ©N ‘[(0.03,0.18,0.35) (0.02,0.12,0.25)
matrix.

is symmetric neutrosophic fuzzy
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[(0.2,03,05) (0.1,0.3,0.5)
(iii) M ©N ‘[(0.1,0.3,0.5) (0.4,0.3,0.3)
. _ 1(0.1,04,05) (0.3,0.6,0.7)
MNOM= [(0.3,0.6,0.7) (0.2,0.4,0.5)

is symmetric neutrosophic fuzzy matrix.

is symmetric neutrosophic fuzzy matrix.

Example 5.2.

M_[(0.3,0.2,0.5) (0.4,0.3,0.3)] N_[(o.2,0.1,0.7) (0.3,0.4,0.3)]
~1(0.3,0.1,0.6) (0.2,0.3,0.5)] " 1(0.4,0.5,0.1) (0.2,0.4,0.4)

M = [(0.3,0.2,0.5) (0.3,0.1,0.6) N-[(0'2’0'1’0'7) (0.4,0.5,0.1)
~1(0.4,03,03) (0.2,03,05)] * ~1(0.3,0.4,0.3) (0.2,0.4,0.4)

. , _[(0.06,0.02,0.35) (0.12,0.12,0.09)]_ , )

M ON _[(0.12,0.05,0.06) (0.04,0.12,0.20) =M'® N

y , _ [(0.44,0.28,0.85) (0.58,0.58,0.51)] o ,

(iHM SN)"= [(0.58,0.45,0.54) 036,058,0.7) | =M ON-.

Example 5.3.Consider M and N in Example 5.2

[(0.2,0.1,0.7) (0.3,0.3,0.3)] _ [(0.3,0.2,0.2) (0.3,0.3,0.3)
MVN= [(0.3,0.1,0.6) 0.2,03,05)] *MON=]01,0.1,06) (02,0.3,0.5)
0.2,0.1,0.7 0.3,0.3,0.3
( )« )] - (MV N).

(MVN)V (MON) = [(0,3,0,1,0.6) (0.2,0.3,0.5)

6. Conclusion

Up to this point we introduce Neutrosophic fuzzytmtxaand some special types
Neutrosophic fuzzy matrix and also we investigatedproperties of Neutrosophic fuzzy
matrix based on these operat@s ®», ©. Further some future works are necessary to
deal with determinants and properties of determ@ahsuch kinds of matrices.
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