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Abstract

Matrices play significant roles in various areas in science and engineering. The problems
involving various types of uncertainties cannot be solved by the classical matrix theory.
Neutrosophic sets theory was proposed by Florentin Smarandache in 1999, where each element
had three associated essential functions, namely the membership function (7), the non-
membership (F) function and the indeterminacy function (I) defined on the universe of discourse
X, the three functions are entirely independent. In this paper, the interval-valued neutrosophic
fuzzy matrix (IVNFM) is introduced. Some fundamental operations are also presented. The need
of the interval-valued neutrosophic fuzzy matrix (IVNFM) is explained by an illustration.
Illumination of some of the operators are given with the help of the example.

1. Introduction

Academics in economics, sociology, medical science, industrial,
atmosphere science and many other numerous fields agree with the vague,
imprecise and infrequently lacking information of exhibiting inexact data. As
a result, fuzzy set theory was introduced by L. A. Zadeh [15]. Then, the
intuitionistic fuzzy sets was developed by K. A. Atanassov [1, 2]. Estimation
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of non-membership values is also not constantly possible for the identical
reason as 1n case of membership values and so, there exists an
indeterministic part upon which hesitation persists. As a result,
Smarandache et al. [8, 9] has introduced the concept of Neutrosophic Set (NS)
which i1s a generalization of conventional sets, fuzzy set, intuitionistic fuzzy
set etc.

The problems concerning various types of hesitations cannot solved by
the classical matrix theory. That type of problems are solved by using fuzzy
matrix [13, 14]. Fuzzy matrix deals with only membership values. These
matrices cannot deal non membership values. Intuitionistic fuzzy matrices
(IFMs) introduced first time by Khan, Shyamal and Pal [12]. But, essentially
it is difficult to measure the membership or non membership value as a point.
So, we consider the membership value as an interval and also in the case of
non membership values, it is not nominated as a point, it can be considered
as an interval. Interval valued Intuitionistic fuzzy matrices was considered
by Madhumangal pal et al [13]. But, the indeterminate values cannot be
considered by the Intuitionistic fuzzy matrices. Hence, the concept is
extended to interval valued neutrosophic fuzzy matrices (IVNFMs) and some
basic operators on IVNFMs are introduced. The interval-valued neutrosophic
fuzzy determinant (IVNFD) is also defined. A real life problem on IVNFM is
presented. Interpretation of some of the operators are given with the help of
this example.

In this work, some definitions are discussed in section 2. Section 3 dealt
with the operations of interval valued neutrosophic matrices. Properties of
interval valued neutrosophic matrices are given in section 4. The importance
of IVNFM is discussed in section 5. Concluding remarks are given in section
6.

2. Definition and Preliminaries

In this section, we first define the neutrosophic fuzzy matrix (NFM) based
on the definition of neutrosophic fuzzy sets introduced by Smarandache [8, 9].
The intuitionistic fuzzy matrices are introduced by M. Pal et al. [13]. The

same concept is extended to neutrosophic fuzzy matrices here.
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Definition 1. Neutrosophic fuzzy matrix (NFM): An neutrosophic fuzzy
matrix (NFM) A of order m x n is defined as A = [Xj;, (@, @iins Djo)msn»

where a;;,, a;j, a;j, are called truth, indeterminacy and falsity of X;; in A,

Juo
which maintaining the condition 0 < a;;, + a; + a5, < 3. For simplicity, we

write A = [Xj;, a;j],,., orsimply [a;],,, where a;; = (ijus Wi Aij)-

Using the concept of neutrosophic fuzzy sets and interval valued fuzzy

sets, we define interval valued neutrosophic fuzzy matrices as follows:

Definition 2. Interval-valued neutrosophic fuzzy matrix (IVNFM): An
interval valued neutrosophic fuzzy matrix (IVNFM) A of order mxn is
defined as A = [Xj;, (@jus Gijns Ujjo)lmxn> Where aj,, ;i and a;;, are the
subsets of [0,1] which are denoted by @y, = e, Gpuls
aijk = [aijul, aij;LU] and aijv = [aijuL, aiij] which maintaining the condition

0 < supa;;, +supa;j +supa;, <3 fori=1,2,...,mand j=1,2, ..., n

iju
Definition 3. Interval-valued neutrosophic fuzzy determinant (IVIFD):

An interval valued neutrosophic fuzzy determinant (IVNFD) function
f: M — F is a function on the set M (of all nxn IVNFMs) to the set F,

where F is the set of elements of the form

(laur, auu)s laar, auuls lavrs auu))s maintaining the condition
O<au+ay+ay <3,0<aqy<ayuc=<1l and O0<ay+aypy <1,
0 <ayr, < ayy <1 suchthat A = M then f(A) or | A| or det(A) belongs
to F and is given by

|A|= ZH<[aic(i)uL’ Uio(iU > [QisnL> Gisinu]s [GisipL > Gisipu)
ces, i=1

and s, denotes the symmetric group of all permutations of the symbols

{1, 2, ..., n}.

Definition 4. The adjoint IVNFM of an IVNFM: The adjoint IVNFM of
an IVNFM A of order nxn, is denoted by adj. A and is defined by adj.

A =[Aj;;] whereAj is the determinant of the IVNFM A of order
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(n = 1) x (n — 1) formed by suppressing row j and column i of the IVNFM A. In

other words, Aj; can be written in the form

z H ) <[at0(t)uL’ atc(t)uU]’ [atc(t)kL’ atc(t)kU]’ [atG(t)vL’ atc(t)vU]>
GESninj ten;
where, n; = {1, 2, ..., n}\{j} and Snin; is the set of all permutations of set n;

over the set n;. Depending on the values of diagonal elements, the unit

IVNFM are classified into two types: (i) a-unit IVNFM and (ii) r-unit IV
NFM.

Definition 5. Acceptance unit IVNFM (a-unit IVNFM): A square IVNFM
is a-unit IVNFM if all diagonal elements are ([1, 1], [0, 0], [0, 0]) and all

remaining elements are ([0, 0], [1,1],[1,1]) and it is denoted by
T(o, 01, 11,11, 1, 1))

Definition 6. Rejection unit IVNFM (r-unit IVNFM): A square IVNFM is
a r-unit IVNFM if all diagonal elements are ([0, 0], [1, 1], [1, 1]) and all

remaining elements are ([1,1],[0, 0], [0, 0]) and it is denoted by
I, 10, 10, 0], o, o)y - Similarly, three types of null IVNFMs are defined on its

elements.

Definition 7. Complete null IVNFM (c-null IVNFM): An IVNFM is a c-
null IVNFM if all the elements are ([0, 0], [0, O], [0, O]).

Definition 8. Acceptance null IVNFM (a-null IVNFM): An IVNFM is a
a-null IVNFM if all the elements are ([0, 0], [1, 1], [1, 1]).

Definition 9. Rejection null IVNFM (r-null IVNFM): An IVNFM is a r-
null IVNFM if all the elements are ([1, 1], [0, 0], [0, 0]).

3. Some operations on IVNFMs

Let A = [([ajur, auv]s [aipr, aipols @, ao )], B = [(bjurs bjuu]s
[bijkL’ biij]’ [biij’ biij])]’ be two IVNFMs. Then,

O Aaijur gjuu )l apolslagen s aeo )+ (Bijur bijuo 1 Bz bip.o 1
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[bijor.» bijur ) = [max (ajur, @jur ) max (5,0, @)
([min (azjr,» bz ), min (a0, b)) [min (@ s bijur, ) min (a7, bijpy )]
() (ajjur» ajuu ] laiprs apuls (e aeu]) - ijur s o s Biar s i1
[bijor» bijur D) = [max (ajjur,, bijur ) max (a5, bjuw )]
([min (a;.1., bz ), min (@307, b)) [min (aur, g, ) min (@,0, @y )]
[max (ainL, bijuL ), max (ainU, biqu)]’
(i) A+ B = {([min (a;,7, bjur, ) min (a0, bju))), [min (g, b,
min (a7, byjprr )]s [max (g, s bz ), max (@i, bijuu )]
(iv) A - B = ([min (a1, bjj.z.), min (a0, b)), [min (ajur, bz ),
min (a7, bijur )]s

™ A =[[ajor> aou ], L —apr, 1 - ajpols [, ajuo))]- (complement

N T
~vi) A" = (lajiur, ajiwu)s lejors ajnuls [9jivns @jivu]),y, (Transpose of

i) A ® B = [lajiur, +bjiur, — @ijur, - bijur> ijuu + bijuu — Yjuu - Ojuu s
(laipnr, - bijrr» aipv - bipu ) (oL - bijors @jou - bijuu ]

[@ijur, - bijur» Yjuu - bijuu]
(vil)) A© B = [([ajpr + bz — @it - bipr»> i + bipw — @i - b))
([aijor, + bijor, = ijor. - bijur» %jur + bijyr — v - bijpr D
UjuL, + oL YjuU +byjuu
2 ’ 2

C@ing +bing Qg +bin g7 |
(ix) A@B= < uxLz L yw2 iU >

v, +ijur @jou 050U
2 ’ 2
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I [\/aiij +bjjur \/aiqu + biqu]
®) A$B = | ([Jajnr + L Jaipu + bipu )
| Waijor + bjor > Vaijou + biou ]

[ 2a4u1, byjur, 2045,0 bijuu |
| QL Oz Yjuu Ty |
[2a;0 i 2050 bipu _>
| aiipnr o i oo |

[ 2a501, - bijur, 204550 bijuU |
| QoL +biur  Qjur iU |

(xi) A#B= <

Yijur, +bijur, %juuU +byjuu

| 2(auz, - bijur, +1) 2,0 -bijuu +1) |

) [ g +bi 4 +biny ]
(Xll) A*B= yAL T YGLL , gy U TY5.0

__z(aiij “bijnr, +1)” 2a 0 -biju +1)__
@jvr, + oL aivu YU

|| 2@jjor, bijor, +1)” 2ajpr - bijor +1) | |
(Xlll) A<B iff aijuL < biij’ aij“U < biqu, aij}\,L > binL’

apu Z bjpus dGjur 2 bijurs Gjuu 2 bijvu
(xiv) A = Biff A< B and B < A.

In the following section, we consider a daily life problem which can be
studied using IVNFMs in better way.

4. Importance of Interval Valued Neutrosophic Fuzzy Matrices
(IVNFMs)

A network consisting of four important cities (vertices) in a country is
considered. They are connected by highways (edges). The number
neighboring to an edge characterizes the distance between the cities
(vertices). The above network can be represented with the help of a classical

matrix A = [a;], i, j =1, 2, ..., n, where, n is the total number of nodes. The

iyt element a;; of A is defined as
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0,ifi=j
a;; =1, the verticesiand jarenotdirectly connectedbyanadge

w;j,w;; isthedistanceof theroad connectingiand j

Thus the adjacent matrix of the network of is

0 15 20 35
15 0 55 40
20 55 0 75
35 40 75 0

Since the distance between two vertices is identified, precisely, so the
above matrix is obviously a conventional matrix. Generally, the distance
between two cities are crisp value, so the corresponding matrix is crisp
matrix. Now, we study the crowdness of the roads connecting cities. It is clear
that the crowdness of a road clearly, is a fuzzy quantity. The amount of
crowdness depends on the decision makers temperament, practices,
environments, etc. i.e., finally depends on the decision maker. The
measurement of crowdness as a point is a difficult task for the decision
maker. So, here we consider the amount of crowdness as an interval instead
of a point. The aloneness is considered as an interval and also the
indeterminacy is considered as an interval. The crowdness, indeterminacy
and the aloneness of a network cannot be represented as a crisp matrix, it
can be represented appropriately by a matrix which we designate by interval-
valued neutrosophic fuzzy matrices IVNFMs). The matrix representation of
the traffic crowdness, indeterminacy and aloneness of the network of is
shown in the following IVNFM.

(O.0LL1LL)  (L.3L[2.4L[2.5) ([2.4][3.5L[L.5) ((3.4].[2.5].[5.6])
(L.31[2.41[2.5)  (0.0LLILLL)  (7.8].[2.41[0.1) (3.5].[.3..6].[-4..5)
(2.41.03.5.[L5) (7.8.[2.4L00,.1)  (0.0LLILLI)  (5.6].[1.3],[2.3])
(3..41.02..51.[5,.6)  ([(3..5.[3,.61.[4.5) ((5.6].[1.3].[2.3)  ([0,0],[L1].[L.1]

To explain the meaning of the operators defined earlier we consider two
IVNFMs A and B. Let A and B represent respectively the crowdness,

indeterminacy and loneliness of the network at two time instances ¢; and 5.

Now, the IVNFM A + B represents the maximum amount of traffic

crowdness, the minimum of indeterminacy and the minimum amount of
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aloneness of the network between the time instances ¢ and t,. A-B
represents the minimum amount of traffic crowdness, minimum amount of
indeterminacy and the maximum amount of loneliness of the network. A

matrix represents the aloneness, confidence and crowdness of the network.
A @B, A$B and A# B reveals the arithmetic mean, geometric mean and

harmonic mean of the crowdness, indeterminacy and aloneness in between
the two time instances {; and ¢y of the network. To illustrate the operators

A-B, A+ B and | A|, we consider a network consisting two vertices and

two edges. The crowdness, indeterminacy and aloneness of the network are

observed at two different time instances ¢; and 3. The matrices A; and

A, represent the status of the network at #; and at ¢3. The number

2
adjacent to the sides represents the crowdness, indeterminacy and aloneness

of the roads at two different instances of the same network.
Let

4 - { ([0, 0], [1, 1], [1, 1]) (1, .3], [.2, .4], [2, .5])}
b (L, 8], L2, 4], [2, .5) {0, 0], [1, 1], [1, 1))

and

A { ([0,0],[1,1],[1,1]) ([.2,.4],[.3,.5],[.1,.5])}
270 ([2,.4],[.3,5],[.1,.5]) {o0,0],[1,1],[1,1]) |

([0,0], [1,1],[L,1]) <[.2,.4],[.2,.4],[.1,.5])} -
(2.41,[2,4],[1.5)  (0,0],[L,1],[L,1]

4 | ©oLiaLpa) o ([1,.8]13,.5][2..5)
Ay - Ay, {<[,1,,3],[.3,.5],[.2,.5]) ([0,0],[1,1],[1,1] }

| Ay |=([0,0],[1,1],[1,1]-([0,0], [1,1], [1, 1] +([.1,.3].[.2,.4],[.2,.5])

(.1,.3),[.2,.4],[-2,.5]) = ([0, 0], [L,1], L 1)+ ([.1..3]. [.2, .41, [.2,.5) = (|- 1, .3]. [.2, .4], [ 2,.5)).

5. Properties of Interval Valued Neutrosophic Fuzzy Matrices
(IVNFMs)

In this section some properties of IVNFMs are presented. IVNFMs satisfy

the commutative and associative properties over the operators +, - ®, and ©.

The operator ‘. is distributed over ‘+’ in left and right but the left and right
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distribution laws do not hold for the operators @ and ©.
1) A+B=B+A
2 A+(B+C)=(A+B)+C

(3) A-B=B-A

(4 A-(B-C)=(A-B)-C

(B5)@) A-(B+C)=A-B+A-C
(i) B+C)-A=B-A+A-C

6) AB=B® A
(HMA®Ba&C)=(A@B)aC

8 A®B=B0o A

9 AcBolC)=(AecB)6oC
(100 ) Ao(B®C)= (A®B)® (A6 C)
(i) B®C)oA % (BOA)®(Co A)
Proof.

(D) Let A = [{{ajur, ajuv]s [aipr, apols (@, @]
B = [([bijur.» bijuu s ijar» i ]s Bijor» bijuu D] and

C = [eijur» cijuu ] leinr» il [eijor» cijpr -
[max (a7, bijur ), max (a0, bijuw)l,
A + B = ([min (ajj1,, bj.z.), min (a,0, bijpr)])
[min (ajur,, bijz ), min (a0, bijvy )]
[max (byjz,» @ijur,)> max (byuys Gjuu)l,
B+ A = ([min (b1, @jjpr,), min (b, ajo)l),

[min (b7, @jj.2,), min (b0, v )]
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Therefore, A + B = B + A. Similarly, (2), (3), (4), (5), (6), (7), (8) and (9)

can be proved.

[Bijur, + Cijur, = Oijul. - CijuL» bijuv + Cijur = bijuu - Cijuv 1>
(10) BoC = ([bijr, - cipurs bipu - cipu D
(bijur, - CijuL» Dijou - CijoU ]
lagur - Gyur, + cijur, = bz~ Cijur ) Gijuv - Gyuu + Cjuv = Bijuu -~ Cijuu)]

A0 B®C)=|(lajr +bijpL - L — %L - bl - CipL» Gipu + dipu - cipu — G - dipw - o))
[aijor, + bipU - Cipu — SoL, - bijor,» Xju + bijoU - CijpU — WjpU - ijoU - CijoU )

laijur, - bijur» @juv - bijuu s

A© B = |([ajr + bz — aipr - bipr> Gpu + o — @i ol |
| [agor + bijor. = @jjoL - bijoLs GjoU + byjor — jjou - bijou ]
@i~ cijur juu - cuu]s

A C = ({[ajpr + cijinn — WL - Cinks Fpu + Cipu — Yo - Cipu ) |-
[z, + cijor = @jor - Cijor + Cijor — Gjou - Cjou]

Now,
\ i
(gL (Byur, +Cijur) = @ -bijur. ~Cijur
9
@i Oijur + Cijur ) = Gjuu bijuu - Cijuu 1
(A0 B)®(A6C)- ([(ajjor. +bijur, = oL, -bijor, ) (QijaL, +CijaL, — UL, - CijaL, s

(aijw + bijw —nU 'bijw )- (aijw +CinU QiU 'Cijw)]> '
[(aijor, +bijor, —ijor, - bijur,) (Qijur, + CijoL, = FijoL * CijuL, s

(@ijorr +bijuU — Wijor -bijurr ) (i +bijur — Fijorr -bijorr )]
So, AGB®C)=(AOB)®@(A®C). Similarly, (B®C)®oA = (BoA)
® (C® A) can be proved.

Property 1. Let A be an IVNFM of any order then, A + A = A.
Proof. Let A = [([a;.r., @] [, aipuls e, aijuu )]
[max (aijuL7 Aijul )’ max (aijp.U’ aiqu)]’
Then, A+B=([min(a;.1, ar ) min(ap o, apo)) = (e g,
laiinr s aiiu s [aior» @ )= A
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[min (a1, @iz ), min (@0, o))

Property 2 If A be an IVNFM of any order then,
A+ I([O, O], [0’ 0], [0, 0]> > A Where, I([O, 0]’ [0’ 0]’ [O, 0]> is the null IVNFM of

same order.
Proof. Let A =[(aj.r, vl lajpr. apol lagr, ao)]  and
1[0, 0], [0, 0], [0, o)y = ([0, 0], [0, 0], [0, OJ).
[max (aijuL, 0), max (aiqu, 0)],
Then, A+10,0],[0,0],[0,0]) ={[min(a;;,0), min(ay gy, 0)]) =
[(l@ur. @4, 1[0,01,[0,0]] [min (ayj,z,, 0), min (a;,¢7, 0)].
Therefore, A + Ijo, 0], [0, 0], [0, 0]) = A-

Some more properties on determinant and adjoint of IVNFM are

presented below.
Property 3. If A be a square IVNFM then | A| = | AT |.
Proof. Let A =[(aj.r, vl lapr, apul lagr, aju]]. Then
AT = (lajinz, ajiwv ] lajnr, ajnul @i, ajiu D]
<[a0(1)1pL’ %(1)1uU], [acs(l)uL» %(1)1XU], [ac(l)le’ %(1)1UU]>-

Now,

| AT |=Zces <[%(2)2HL,%(2)2HU],[%(2)2AL’%(2)2AU], [a6(2)20L’a6(2)ZUU]>
- '<[ac(n)nHL > ac(n)npU]’ [ac(n)nkL > ac(n)n?»U]’ [ac(n)nvL ’ ac(n)an]> :

Let y be the permutation of {1, 2, ..., n} such that yo = I, the identity

permutation. Then y = 6 —1. As ¢ runs over the whole set of permutations,
so does y. Let o(i) = j, i = 6 1(j) = w(j).
Therefore,  aoijipr, = @jy(juL> Go@inl = Ao(i)inl> Ao(@)inl = Ljy()RL:

aﬁ(i)iu :ajw(j)xL,aG(i)ivL :ajw(j)vL,aG(i)ivL :ajw(j)vL. AS i goes over the set
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{1, 2, ..., n}, j does so.
Now, <[%(1)1HL» acs(l)lpU]’ [ao(1)1xL, As(1 AU I, [aG(l)le’ %(1)1UU]>

<[%(2)2uL, %(2)2HU], [a0(2)2XL’ Gc(z)zw], [ac(Z)Zvln %(2)2uU]>

<[a0(n)nuL’ acs(n)nuU]’ [ac(n)nkL’ acs(n)n?»U]’ [ac(n)nvL> ac(n)an]>

\'
([ax (1)uL> aw(l)mU]’ [ahu(l)xL» QyNrU I, [al\y(l)vL’ Ny pU )

= (lagy@ur> a2y@wuls [agy@nrs ayenul [aay@prs azy@wul) -

<[an\|/(n)uL’ anw(n)uU]> [an\u(n)kL’ an\u(n)kU]’ [an\u(n)vL ’ an\u(n)vU]>
<[%(1)1ML ] ao(l)luU]y [%(1)1xLa %(1)1w]y [ac(l)le ) %(1)1uU]>

Therefore, | AT =% oo (@o(uLs Go@2uv ) [0o@penss @il
[ac(Z)ZvL » A(2)20U ]> = <[ac(n)np.L » Ao(n)nplU ] ’ [ac(n)nXL » Ao(n)na U ] > [ac(n)nvL ’ Clcs(n)nuU]>

<[a1\y(1)uL’ al\u(l)lpU]’ [ahu(l)kL’ ahy(l)lkU]’ [alw(l)vL’ Ny U )

ZHES <[a2\|/(2)uL’ a2\u(2)pU]’ [a2w(2)kL’ azw(2)xU], [a2\u(2)vL7 a2\|/(2)vU]>
| Al = <[an\u(n)pL7 an\u(n)uU]’ [an\u(n)kL7 anw(n)XU]’ [anw(n)vL’ an\u(n)vU]>'

Property 4. If A and B be two square IVNFMs and A < B, then, adj
A < adj B.

Proof. Let C = [([ejur» cijur)s leiprs cipuls lejors ciuu ] = A,
D = [([dijur.» dijuv ], [dipr» dipu]s [dijor» dijuu D] = adj B.
where,

<[Ciij ) Ciij]’ [Ciij ) Ciij]’ [cijuL ) Ciij]> = ZGGS H ten <[ato(t)uL » Qs (t)nU 1,
nynj ]

[atc(t)kL’ ato(t)kU]’ [atc(t)vL’ atcs(t)vU])

and

(dijur» dijuv ) dipr > dijpo 1 (o » i ) = Zoes H rens ([broer broeu ]
nynj ]

[bto(t)XL’ btcs(t)kU]’ [btc(t)vL’ btc(t)vU ]>
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It is clear that ([c;ur, cijuuls [eiinr, cinuls lejors cipr)) < (djurs dijuv]s
[dipnr> dipuls [dijor» diou D). Since,  aour, < bio)uL> Uoul < bis(tU
Us(0L Z Oio(nLs Us(pL Z Us@pU  and  QopL 2 by for  all

t # j, o(t) # o(j).
Therefore C < D, i.e., adj A < adj B.
Property 5. For a square IVNFM A, adj(AT) = (adj A)T.

Proof. Let B = adj A, C = adj A”.

Therefore,

<[biij’biij]’[bijkL’biij]’[biij’biijD:ZGES H ren ([aro(tur s Go(mu ],
nin;

j
[atc(t)kL’ ato(t)kU]’ [atc(t)vL’ atc(t)vU]) and
([cijur» cijur ] leipnr cipu 1 [eijor» cijpr D = Zcesn,-n,- Htenj ([aso(L > @oryu]:

(@6t Usen.U ] [Uoeint Us@yr ) = (Bijur» bijuu 1 iz » bijp v 1 oL, » bijor 1) -

Therefore, adj(A”) = (adj A)".
Property 6. For an IVNFM A, |A| = |adj A|.

Proof. A = [([Aj.r, Ajuu] [Aprs Apuls [, Aol where,
[<[Aijp,1L’ Aiqu]’ [AijkL’ Aiij]’ [Aiij9 Aiij])] is the cofactor of the element

[<[aijuL, ainU], [aiju, aij;\U], [aiij, aiij]>] in the IVNFM A. Therefore,
<[A1(5(1)]J,L7 Alc(l)uUL [Alc(l)kL’ Alc(l)kU]’ [Alc(l)vln AIG(I)UU]>

ladj A| = Zces ([Ass)ur> Ao} [Assenrs Assenu} [Ass@pLs Aos@pu]) -

<[Anc(n)pL’ Anc(n)pU]’ [Ancs(n)kL’ Anc(n)XU]’ [Ancs(n)vL’ Ancs(n)vU])

= ZGES H; ([Aisur» Aisiwub [Aisint, Aisipu) [AistwL AisGpu]))
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- Z oes, szl Z

= Z oes [(H teny <[at61 ()L > Qo (t)uU l [atel (AL > Qo (U ) [atel ()L » Aoy (U )

H ten: <[at9(t)uL’ ot )uU ) [ate(t)xL > (U l [ate(t)vL » QU )
J

O€sning(i)

(H tens <[a192 ()L > C0q (t)nU ] [ateg(t)}»L » Aoy (1)U l [ateg(t)vL » A0y (U D).
(H ten <[at9n(t)p.L’ e, (t)WU ) [aten(t)kLa A9, U ) [aten(t)vL’ aten(t)vU]>)]

= Zcesn [(<[a291(2)pL’ a291(2);,1U]’ [a291(2)kL’ a291(2)kU]’ [a261(2)vL’ 0291(2)UU]>
<[a361(3)HL’ a3el(3)uU], [a3el(3)xL, 0361(3)w], [a3el(3)vL» a361(3)vU]>

([ane, (nur s @noy (U ) [@no, (nps oy (Ul [@no, (nyor s oy (v ])
([ar6,(1)ur.> @0, ) [@r0,0 015 @ro,a00 ) [@10,0 0L @10, w0 )

<[(1392(3)HL, 0392(3)HU]y [a392(3)kL> a392(3)w], [a392(3)va a392(3)UU]>

([anoy (L s oyt ) [@nognpLs Gnoy(unv ) [@noy L @nogmpv ) -
(@10, @)uz.» @10, v} [are, aprs a0, o) (@0, @prs @o,@wo)) -
<[a29n(2)uL= a292(2)pU]7 [azen(z)xb a29n(2)kU]’ [GZGH(Z)UL’ azen(z)uUD

<[an7192(n71)pL » 109 (n-1)uU ) [an7162(n71)}\L» anqez(nq)xU], [%492 (n-1)L>
Ap104(n-1pU )] Where, foo € [1, 2, ..., a\{},0=12 ..., n

But since,

<[aéefé(é)pL’ a4 efé(é)uU]’ [“éefé(é)u’ aéefé(é)w]’ [ag 0f; (B)vL’ aéﬁfé(é)UU]>

= <[anc(n)uL’ anc(n)uU]v [anc(n)kL’ anc(n)KU]’ [ancs(n)vL’ anc(n)vU]>'
Therefore

<[a10(1)uL’ 010(1)HU], [010(1)xL’ alc(l)xU]’ [alc(l)vL’ alG(l)l)U]>
ladj A|= Z ces <[a26(2)pL ) 020(2)HU], [a26(2)xL ) a25(2)xU], [a26(2)vL ) a26(2)vU]>
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<[anc(n)uL’ anc(n)uU]’ [anG(n)kL’ anc(n)}»U]’ [anc(n)vL’ anc(n)vU]> = | A |

Conclusion

In this work, Interval valued neutrosophic fuzzy matrices are introduced

based on M. Pal et al. [13]. Then the operations on Interval valued

neutrosophic fuzzy matrices are discussed. Some properties on them are

conferred with the real time example. The same operations and properties

can be extended to various Neutrosophic numbers.
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