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1. Introduction
The development of computers and the related attesrgutomate human reasoning and
inference have posed a challenge to researchersahi) and in many cases machines,
are not always operating under strict and wellrasfitwo-valued logic or discrete multi-
valued logic. Their perception of sets and cladsenot as crisp as implied by the
traditional set and class theory. To capture tldecgption, Zadeh has introduced the
theory of fuzzy sets and fuzzy logic [8, 9, 19,2022,23]. The seminal paper [20],
published by Zadeh in 1965, ignited tremendousrésteamong a large number of
researchers. The traditional fuzzy sets is chatigetk by the membership value or the
grade of membership value. Sometimes it may be/ dbfficult to assign the
membership value for a fuzzy sets. Consequentlxtimcept of interval valued fuzzy set
was proposed [15] to capture the uncertainty oflgraf membership value. In some real
life problems in expert systems, belief systemoiimfation fusion and so on, we must
consider the truth-membership as well as the fatsiémbership for proper description of
an object in uncertain, ambiguous environment. iégithe fuzzy sets nor the interval
valued fuzzy sets is appropriate for such a sitnati

Intuitionistic fuzzy sets introduced by Atana$6] is appropriate for such a situation.
The intuitionistic fuzzy sets can only handle ifieomplete information considering both
the truth-membership (or simply membership) andsitigimembership ( or non-
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membership) values. It does not handle the indhéterte and inconsistent information
which exists in belief -system. Soft set theory lasiched its potentiality since its
introduction by Molodtsov [12]. Based on the sel/egerations on soft sets introduced
in [10,11] some more properties and algebra mayobed in [1]. Smarandache [14]
introduced the concept of neutrosophic set which imathematical tool for handling
problems involving imprecise, indeterminacy ancimgistent data.

Maji et al.,[11] extended soft sets to intuitioiistfuzzy soft sets and
neutrosophic soft sets. The general rectangulagoare array of the numbers are known
as matrix and if the elements are neutrosophic murttien the matrix is called fuzzy
neutrosophic soft matrix. If we delete some rowsame columns or both or neither then
the fuzzy neutrosophic soft matrix is called furmutrosophic soft submatrix. The fuzzy
neutrosophic soft matrix is divided or partitionedo smaller FNSMs called cells or
blocks with consecutive rows and columns by drawdiegted horizontal lines of full
width between rows and vertical lines of full hdigpetween columns, then the FNSMs is
called fuzzy neutrosophic soft block matrix.

Arokiarani and Sumathi [4] introduced fuzzy tresophic soft matrix approach in
decision making. Kumar et al.,[5] introduced fudstgck matrix and its some properties.
Uma et al., [17,18] introduced determinant theay flizzy neutrosophic soft matrices
and generalized inverse of fuzzy neutrosophic saftrix. The structure of this paper is
organized as follows . In section 2, some basiinidions are defined. In section 3,
different kinds of fuzzy neutrosophic soft submat@ind FNSBM are given. Section 4
discuss directsum, Kronecker sum and Kroneckerymtoof FNSBM. In section 5, some
relational operations on FNSBM are studied.

2. Preliminaries
Definition 2.1. [14] A neutrosophic set A on the universe of discourse defined as

A={(X Tu (X, L., RO, X3 ¥,
whereT,,F:X - TO,I[ and "0<T,(X)+ 1,(X)+ F,(0<3 1)
From philosophical point of view the neutrosophet takes the value from real standard
or non-standard subsets pf0,1'[ . But in real life application especially in sdiiic
and Engineering problems it is difficult to use wmesophic set with value from real
standard or non-standard subset]dd,1'[ . Hence we consider the neutrosophic set
which takes the value from the subset of [0,1] erEfore we can rewrite the equation (1)
as 0sT,(X)+ 1,(X)+ F, (¥ =<3.

In short an elementd in the neutrosophic set A, can be written as
a= (aT, a, ap>,where a' denotes degree of truth] denotes degree of indeterminacy,

a" denotes degree of falsity such tilet a" +a' + & < 3.
Definition 2.2. [12] Let U be an initial universe set arifl be a set of parameters. Let

P(U) denotes the power set of U. Consider a nonesgit A, AL E. A pair (F,A) is
called a soft set over U, where F is a mappingrglwe F : A - P(U).
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Definition 2.3. [3] Let U be an initial universe set and E be a s@iaphmeters. Consider
a non empty set A, Al E. Let P(U) denotes the set of all fuzzy neutrbsogets of U.

The collection (F,A) is termed to be the Fuzzy Meswphic Soft Set (FNSS) over U,
Where F is a mapping given blf : A - P(U). Hereafter we simply consider A as

FNSS over U instead of (F,A).

Definition 2.4. [4] Let U ={c, C, ...G,} be the universal set anE be the set of
parameters given b¥e ={e, e, ... }. Let AL E. A pair (F, A) be a FNSS ovel .
Then the subset ofJ XE is defined byR, ={(u ¢; €] AW [ B which is called
a relation form of (F,,E). The membership function, indeterminacy membership
function and non membership function are written by

T tUXE - [0,1], lg :UXE - [0,1] and Fr UXE - [0,1]
where Tg (u, € 0[0,1], I (u,€L[0,1] and F; (u,€)0J[0,1] are the membership
value, indeterminacy value and non membership vedspectively oful1U for each
el E If [(Ty, I, , K I =[T (y, ), (u,e) ,;F(u, e)] we define a matrix

<T11’|11’F11> <Tn1| n’Fn>

T, 1uF, T, Fa
[<-I-IJ 'Iij!Fij>]'n>ﬂ: ;<21 v . < : > .

<Tm1’|ml’le> <Tmn’I mn’F m):

This is called atmmx n FNSM of the FNSS(F,,E) overU

Definition 2.5. [16] Let A= (< a.q, qp>) B= (< B.b ,ijl5>)DJr;1" . the component
wise addition and component wise multiplicatiodlédined as

ADB= (suf 4. B}, supa,B, iff,7a,)

A@B=(inf{q, {}, in{ & B sép,a,p.

Definition 2.6 . [16] Let AL F.

mxn?

Ao B:(i(aﬂ( Og). i(@i Og), lj (@o E})] equivalently we can write the

BLU F . ,, the composition ofA and B is defined as

sameas £l 08, (@ O8). SE 0]

The productAe B is defined if and only if the number of columrisA is same as
the number of rows oB. A and B are said to be conformable for multiplication. We
shall use AB instead af\o B.
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3. Main results
In this section we define different types of fuzagutrosophic soft sub matrix and
FNSBMs. Futher some properties are discussed.

Definition 3.1. A fuzzy neutrosophic soft submatrix of an FNSM afler =1 is
obtained by deleting some rows or some columnsotr pnot necessarily consecutive)
or neither. The FNSM itself is its fuzzy neutrokimp soft submatrix(FNSSM).The
maximum number of fuzzy neutrosophic soft submatfian nx m fuzzy neutrosophic

soft matrix is(2" —=1)(2" - 1).

Definition 3.2. The fuzzy neutrosophic soft submatrix of order)(nbtained by deleting
r rows and columns of an n square FNSM is calledzyf neutrosophic soft principal
submatrix. The first order principal fuzzy neutsphic soft submatrices obtained from
the following third order FNSM

e anay (d,d,dy (4, a,a)
<a;—1’ a’IZI’ a;l> <a-'r22’ d‘ZZ 52% < é'23 é'23 52>3 are [<a:;.r1’ a:ll.l' a:I'fl>] ! [<a1T2’ a:II.Z' aEZ>]
(Bgp 8y, &) (@ oy Ay ( gy Agy AY

and[(a],, a,, @,]. Second order fuzzy neutrosophic soft submataces

@, al,dy (d,d, @} {<a£2,a'22,a';2> (&, dyy &)
(A ap, ) (8 dyy &) | [ (8, 8 &) (Epdyy Ay ||
@%@<%%@}
(@A, ay) (s, dy]

Third order fuzzy neutrosophic soft submatrix is thatrix itself.

Definition 3.3. The fuzzy neutrosophic soft submatrix of orde®(obtained by deleting
last r rows and columns of an n Fuzzy Neutrosofluit Square Matrix (FNSSM) A is
called leading principal fuzzy neutrosophic softormatrix. The first order leading
principal fuzzy neutrosophic soft submatri{{g,,, a,,, &)]-

The second order leading principal fuzzy neutroBo@oft submatrix of the
above FNSM is

@) (ddady]
(@ ) (i e

Definition 3.4. If an FNSM is divided or partitioned into smalleXSMs called blocks or
cells with consecutive rows and columns separbiedotted horizontal lines of full
width between rows and vertical lines of full hdiggetween columns, then the FNSM is
called fuzzy neutrosophic soft partition matrix.

The elements of fuzzy neutrosophic soft partiticatrix are smaller FNSMs.
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It is also called the fuzzy neutrosophic soft klatatrix.
Advantages of fuzzy neutrosophic soft partitioning

The following advantages may be noted in partitioningan FNSM A into blocks or
cells:

1. The partitioning may simplify the writing or pting in compact form thus saves
space.

2. It exhibits some smaller structure of A whiclofgyreat interest.

Definition 3.5. Two FNSMs of same order are said to be conformaitlydentically
partitioned if

1. Both the FNSMs are partitioned in such way thatnumber of columns of two fuzzy
neutrosophic soft partition matrices are same.

2. The corresponding blocks are of same order.

Definition. 3.6. The FNSM whose elements are blocks obtained bytipaihg is called
fuzzy neutrosophic soft block matrix (FNSBM)

Thus

A=

(a$1,a£1’a§1> (arfz:allz:all:z) (a'{3,a113,a§3) (3&:3114:354)

(aly,aby,afy) (alyabyaly) .. (alsabyabs) (al,ab,ak,) {%%}
[T T _F T 1 .F T 1 .F T 1 FJ B By
(az1,a3p,a31) (asz,asp,asy) ... (@33, azs azz) (azs,azs,azs)

where

Bll :[<a11’ aill.l’ ai]>< 512 élz 512]’ B12:< é1’3 é:I.’3 52{3 5‘14 Ia'14 Fa>.l.4
=F@@M%%@%w{@%@<%%ﬁ
Tl a ) (d,d, ) “ iy (&, dy, &)
B, : By
The FNSM B -+ -0 ... is an example of fuzzy neutrosophic soft block
BZl B22
matrix.

Definition 3.7. The transpose of FNSBM is the transpose of baibksl and constituents
blocks.

B, : By
AT = ...
B, ! By
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Definition 3.8. The blocks along the diagonal of the FNSBM aréedaldiagonal blocks.
The blocksB; for which i=j are diagonal blocks. Thu8,, and B,, are diagonal blocks

By Blz}
BZl BZZ
Definition 3.9. If the number of rows and the number of columnblo€ks are equal then

the matrix is called Fuzzy Neutrosophic Soft Squgloek Matrix (FNSSBM).
thus the partitioned FNSM

of the FNSBM Az[

(ar{p aI11: 351) (ar{z; aI12: al1:2) (ar{3: aI13: 353) (ah’ 3114: 354)
(agp aI21' 351) (agz» 3122131;2) (a%' aI23' al2:3) (a&, aI24' al2:4)
A= |
l<a§1' 3{21' al;1) <a§2' agz:agz) (a§3, 3{9,3' ags) (a§4, 3{24' ag4>J
(a;{p 35.1: a§1> (a;{z. aiz,aﬁﬁ (5113. 323: ais) (aL, 35.4: ai4)

:[Al Az}
A A,

is a fuzzy neutrosophic soft square block matFiK$SBM), since allA; are square
blocks.

Definition 3.10. If a FNSSBM is such that the block#, =[(0,0,D ] for all i £ j, the

FNSBM A is said to be a Diagonal Fuzzy Neutrosophic StiitBMatrix (DFNSBM).
Here FNSBMA needs not be square but it must be partitionedrdSSBM.

A O G

Thus[
Ol A22 Ol

] whereQ, =[(0,0,1 ] is a DFNSBM.

Definition 3.11. If the square or rectangular blocks above(or belin square diagonal
blocks of a FNSSBM are all zero, then the FNSMail 20 be the lower (or upper)
triangular FNSBM.

Definition 3.12. It is a FNSBM whose diagonal blocks are FNSSBMglifferent orders
and off diagonal blocks are zero FNSMs.

Thus,
<D1Tl1 D1|11 Dfl (0,0, (0,0,1
A= <D2TZ!D;21D22> :
(0,0, (0,01 (0,00 (D, By, D7
is a quasi diagonal matrix whose diagonal blo¢®' ,D',D"), i=1,2,..,n are

FNSSMs of different orders.

292



Fuzzy Neutrosophic Soft Block Matrices and its Sdineperties
Theorem 313. If A=[g,§,d],, and B=[h,§, ], are two FNSBM such
that AB=C=[q, ¢, £1,, then thej-th columnof C i#B,, where
CYERE )

o <| it

J are the column partition of FNSM B.

n]’b1]’b'|>

Proof: Let FNSM B of ordemx p be partition into p column vecto(s1x1) FNSMs as

B=[B, B, B - B - B]

where j=1,2,...,p to find a column of the prodaét
From the product rule of the FNSMs, the elemehth@product is

.6, =O(FOMD(AOP W] (@0p). FL2.,nandj=1,2,...n,
where A=[(8,, 8, d)]mw B=[(B, B W)wpy G E § Ol and C=AB.

Therefore j-th column of C is obtained by giving thalues 1,2,....mto i and it is
Yrajaby  Tanaby  [laggVby

T T F F F F
C. =| ZkazkAbyy  Xkazkabyy  [lkazkVby
] . . .

T T F  WF F U WF
[ZkamkAbkj Dk AmiA by Hkamkvbij

(b, b, b))
[(alialiafy) (alyalsal,) . (alsalsaly) (alnalnaln>] (sz,bz],li>
ll(a%almalz:ﬂ (agzalzzalz:ﬁ <323323323> (azn32n32n>| )
(3513131313:1) (3523132313:2) (333a33a33) (33n33n33n) nJ’an’d]:>
i=1,2,...,p
= AB.
j

Hence the proof.

Theorem 3.14. Let A be anmx n FNSM and B be amx p FNSM. Let A (or B) be

partitioned into two blocks by column partitionigly. Then the product AB is also
partitioned into two blocks of same column (row@ytfioning.

Proof: Let A=[A A] where A is of ordermxt and A, is of ordermx(n-—t)
FNSM. Then

AB=[g & - @ &, a]B=[aB aB- aB a B ,aB
=[[AB :AB.

Hence the proof.

3.15. Operationson FNSBM
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Addition:
The conformal fuzzy neutrosophic soft matrices loamdded by block as addition of two
fuzzy neutrosophic soft matrices of the same dimoess

ALlD Bu A12D BlZ Ah[l Bm
A By Apl Bp - A0 By

Scalar multiplication:
As in scalar multiplication of an FNSM by a scaleach block of partition FNSM is
multiplied by scalar.

aALl aALZ aAn
a a cee a
Thus,aA= P A A
ahy, ah, - aA,
HereaA =a{g, q, d}=infqg & idfa 3 dupr }a
Multiplication of fuzzy neutrosophic soft partitianatrices:
Let A=[(a, q,d)],, and B=[(b}, b}, H)],., be two FNSMs conformable for
multiplication. LetA; and BJ denote blocks of A and B. For FNSM multiplicati&iB

by partition to be conformable, the number of catupartitioning of A must be equal to
that of row partitioning of B and in addition blackmust be conformable for
multiplication of FNSM and

AB=[(G. G 9i>]mxn=[i A Bl

which is again a partition FNSM with m horizontaldan vertical dotted lines.

Theorem 3.16. If AB= C the fuzzy neutrosophic soft submatrix containimgws
ij,i,,...J, and columns j,j,,....j]s of C is equal to the product of the fuzzy

neutrosophic soft submatrix with these rows of Al dine fuzzy neutrosophic soft sub
matrix with these columns of B.

Proof: Let A=((&, g, & )),.,, andB=((b}, b, )., be two fuzzy neutrosophic
soft sub matrix. Then

c:(<q1,q'k,qi>):<§:(4ml;i)é(éﬂ Mj (50 )

where i=1,2,...,m and k=1,2,...,p. Now the fuzzytnesophic soft sub matrixC, of

FNSM C with rowsi,i,,...J, and columnsj,, j,,...,j, is obtained by replacing row i
and column k of C by these rows and columns. It is
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wherei =i,i,,...I, and columnsk = j, j,,...,] - Again the product of the given fuzzy
neutrosophic soft sub matricé and B, of FNSM A and B respectively is

T 1 _F T 1 _F T 1 _F
[(aillaillaiil) (ailzailzailz) <ai1nai1nai1n)]
T 1 _F T 1 _F T 1 _F
A;By= (aizlaizlaizl> (aizzaizzaizz> (aiznaiznaiin>
T .1 _F T 1 _F T _I F
(aj 1aj 1ar1)  (@j23j2ar2) (i, 11,1181 Mpgn
T T WT T T T T T 1T
r<blj1’bljl’blj1> (bljz’bljz’bljz> (bljs’bljs’bll's)-I
T W wT T T T T T WT
<b211’b211’b211> (b211’b211’b211> (szl’sz1’sz1>
T WT T T T T T T T
(bnj1’bn11’bnj1> <bnj1’bnj1’bnj1> <bnlll’bnh’bnh> nxs

g(aqmqk )z @oy )” ({m@} @)

wherei =i,,i,,...J, and columnK = j, j,,...,] -
Therefore from equation (1) and (2) give the result

Theorem 3.17. If the mx n FNSM A is partitioned by consecutive groups of sawto
blocks A,i=1,2,....r andnx p FNSM B is partitioned by consecutive groups of
columns into blocks Bj, j=1,2,...5 Then the product AB=C of ordemx p is
partitioned into blocks by row groups exactly asad column groups exactly as B. The
ik-th block C,, of Cis given by(c,,c,,c.)=(A B, AB, A B).

Proof:

Let i =i,,i,,...], be the consecutive rows & andk = |, |,,...,J, be the consecutive

columns of B. TherC, =[<Zri:(a‘jT Dtﬂ(),i(a; OhH), ﬁl (g O }5»} ..... (3)

rxs

wherei =i,i,,...J, andk =, j,,....]¢

AB, :[é(eﬂ Dpﬁ)é(# 0 Q),G(é 0 }5»} ..... @

rxs

where i=1,2,...,r and k=1,2,...,s.
from equation (3) and (4) ik-th blodg,, of C is given byC, = AR.

4. Some algebraic oper ations of fuzzy neutr osophic soft matrices:
In this section we define direct sum, Kroneckerdpici and Kronecker sum of the
FNSMs and studied some properties.
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Definition 4.1. Let A, A,,...,A be FNSSMs of ordersy, n,,...,1n respectively. The
diagonal FNSM

Al <0!0!1) <0’0’1
0,0, -+ (0,0,
Diag (A, A,....,.A)= < : > Az : ( : '
<0)0!:D <010)1 A NNy et}
is called the direct sum of the square FNSIWs A,,...,A and it can be written as

A@A @...@A oforder(n+n,+...+1).

Properties of direct sum of FNSM:

(a) Commutative property:

The square FNSSMs does not satisfy the commutpativgerty.
Let A and B be two FNSSMs. Then the direct sum of ARrade

| A (0,02 | B (0,0,2
A@B_{(O,O,Zb B }andB@A—LO’O’b A }

It is obvious that A@ B# B@ A

(b) Associative property:

A 0,0,
Let A,B and C be three FNSSMs. Th&@ B:[ { 1)} =D

(0,0,2 B
A (0,0, (0,0,1

Now (A@B)@C= D@C:{ D <O’O’ﬂ: (0,0,1 B (0,0
(0,0,2 C
(0,0, (0,0,1 C
. | B (0,02 _
Similarly, B@C_LO,OJ} c }— E.
A (0,0, (0,0,1
_ | A (0,0,2|
Now, A@(BO C)= A@ E_LO,O,}) £ }— (0,0,1 B (0,01

(0,0,2 (0,01 C
Hence,(A@B)@C= A@(B@C)

(c) Transposition:
(A@B) = A @FB'.
A (0,0,2

Since, A@ B:LO,OJ} B

}then (A@B)' :{ A (0,0,1}}

(0,02 B’
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=A"@B".

4.2. Kronecker product of FNSMs
— T | F — T |
A=(8j. 3 g b andB=(, 5, ),
be two rectangular FNSMs. Then the Kronecker prodtiéd and B , denoted byA[l B
is defined as the partitioned fuzzy neutrosophfteatrix

(ar{1:3111:a§1>3 (aIz: aI12:?’111:2>B (arfs: aI13: al1:3>B (a,{n’ aI1n: a§n>B
Al B= (a31,a31,a31)B  (alz ahy,a32)B .. (aj; aps,aps)B  (azn,apn,azn)B
l<a§1'al31'al3:1)B (agz' 3132'313:2)3 <a§313133zagg)3 (a;rnn'almnr aann)BJ

wherea; =(g', g, d ) fori=1,2,..,m and j=1,2,...,n. It has mn block&e ij-th blocks
a; B of ordermpx nq

Note. The difference between the product of FNSMs andchi&céer product of FNSMs is
that in product of FNSM product AB requires equatif the number of columns in A
and the number of rows in B while in Kronecker pretdt is free from such restriction.
Kronecker product of two fuzzy neutrosophic safiuenn vectors:

Let X=[[<XI1, )(11){1> <)Zz1 *21)%22 o 2(1 il(lg(z]le

T
and y:[[(lel, YV (Yo Vo) - (Y, ;!(lmm be two column fuzzy
neutrosophic soft vectors. Then by definition obKecker product , we have

<X1T11 Xil! ){1> (X1 Xz % Yag Yia Yad

X [ y - <X21’ X:21’ )€;1> - <X21’ X21’ X;l>:< yirll’ Yll’ yl}

<X:1’ Xrlll’ )¢l> nmxl <X11’ Xrlll’ )<?1>< yml’ %11 Slgnl> nmxL

Kronecker sum:
The Kronecker sum of two FNSSM4,, and B, ., is defined by

Ao B= AO(L),, +(1),0 B, which isannmx nnr fuzzy neutrosophic soft matrix.

Example 1.
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Let

A= 11,0 (0.2,0.3,0)
71(0.5,02,083 (110

11,0 (0.2,0.3,06 ( 0.7,0.3.0.
(0.2,0.1,0.6 (110 ( 0.2,0.3,0.
(0.1,0.2,0.3 ( 0.1,0.2,003 ( 130
be two FNSMs. TherAo B= AO (1), +(1),0B=

(1,1,0)  (0.2,0.3,05) (0.7,03,02) : (0.2,03,05)  (0,0,1) (0,0,1)
(0.2,0.1,0.6) (11,00  (0.2,03,05) :  (0,01) (02,0305  (0,0,1)
(0.1,0.2,03) (0.1,0.2,03)  (1,1,0) i  (0,0,1) (0,0,1)  (0.2,0.3,0.5)
(0.5,0.2,0.3)  (0,0,1) (0,0,1) 1,1,0 (0.2,0.3,0.5) (0.7,0.3,0.2)
(0,01)  (0.50.203)  (0,01) : (0.20106) {(1,1,00  (0.2,0.3,0.5)
(0,0,1) (0,0,1)  (0.50.2,03) : (0.1,02,03) (0.1,0.203)  (1,1,0)

5. Somereéational operations on fuzzy neutrosophic soft block matrices
Here we define four types of reflexivity and iresflity of a FNSM.

Definition 5.1. Let A be an FNSM of any order then
1.A is a reflexive of type-1 ia] =1,3 =1, = 0,for all i=1,2,...,n.

2.A is areflexive of type-2 i{a] Oa; )< g , for eachij=1,2,...,n.

3.A is areflexive of type-3 i(a, Da{) > E?}T and (3, Dq.'j ) > 4 for all i,j=1,2,....n.
4.A is a reflexive of type-4 if (af Oa)<g and (aiUa)=2gq and
(a Oa;)24¢ foralli,j=1,2,...,n.

For irreflexivity:
1.A is airreflexive of type-1 ifa] =0,3 = 0,3 =1, foralli=1,2,...,n.

2.A is airreflexive of type-2 ifa; Oa) )= g, for eachij=1,2,...n.

3.A is airreflexive of type-3 i{a; Da{) < @}T and (a] Da]!j )< # for all i,j=1,2,...,n.
4.A is a irreflexive of type-4 if (af Daf)=2g and (a Uaj)<g and,
(a Oa;)<d forallij=1,2,...,n.

Theorem 5.2. If FNSM A and B be reflexive of any type then direct sum of these
FNSMs is also reflexive of the same type.

Proof: (i) Let FNSMs A and B be reflexive of type-1, the(g; , g ,§ ) =(1,1,0 and
(b',8',§)=(1,1,0 Then the direct sum of these FNSM& and B be fuzzy

. . A (0,02
neutrosophic soft block matrix S= A@ B=
(0,0,2 B
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Now (S, §.$)=(110 . since diagonal elements in fuzzy neutrosophic bitk
matrix S are FNSM%A and B and diagonal elements Aand B are(1,1,0 .

Hence direct sum S of the FNSMs and B is reflexive of type-1.

(i) Let FNSMs A and B be reflexive of type-2, thefa; Ja )< g, and
(bi Ob") < . Then the direct sum of these FNSMsand B be fuzzy neutrosophic

soft block matrixS= A@ B
fuzzy neutrosophic soft block matrix S containsrfblocks, diagonal blocks are FNSMs
A and B off diagonal blocks are fuzzy neutrosopbit zero matrices.

Now for A blocks we haves® = g [i=i,2,....m, j=1,2,...m]
>a; Oa [as A is reflexive of type-2]

=5 Ug
Now for B blocks we haveS(Fm+ I prc [p=1,2,....n g=1,2,....n]

> b’ Obl [as B is reflexive of type-2]

= S(Fm+ o(me p §m x m ylas off diagonal blocks are FNS zero matrices.]
Therefore,s; > 5, 0§, k=1,2,...m nkE 1,2,..m 1|

Hence direct sum S of the FNSMs and B is reflexive of type-2.
(i) Let FNSMs A and B be reflexive of type-3, then

(& Oa))2q.(d0d)= @, b 0,8)=, b and (b Ob )= .Then the direct sum
of these FNSMsA and B be fuzzy neutrosophic soft block matBx A@ B

Now for A blocks we have

s =gql[i=12,..m,j=1,2,..m and

=3 Og

s =4li=12,..m,j=12,.m

< g Oa; [as A s reflexive of type-3]

=5 Uy

Now for B blocks we haveS(Tm+ Bm g = prc[p=1,2,...,n g=1,2,....n]
> by, Ob] [as B is reflexive of type-2]

=S p(me p DS m o m ylas off diagonal blocks are fuzzy neutrosophic spéro
matrices.]

Therefore,s;, < §, O §,k=1,2,...,m+n.

Hence direct sum S of the FNSMs A and B is reflexif type-3.

(iv) Let FNSMs A and B be reflexive of type-4, then
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(aﬁF D"JHJF)S ‘?}Fa(ﬁi-r O §)2 ifj{’(iiémjjé)zij aand
(b7 OB < |, (B OP)=8,(B0;b)=;b. Then the direct sum of these FNSMs

and B be fuzzy neutrosophic soft block matrix réfte of type-4, by using the results (ii)
and (iii).

Hence direct sum of FNSMs reflexive of any typaliso reflexive of the same
type.

Theorem 5.3. If FNSMs A and B be reflexive of type-1 then Kronecker pridof
these FNSMs is also reflexive of type-1.

Proof: Let FNSMs A and B be reflexive of type-1, the@, ,a', 8 ) =(1,1,0
and (b,h', 5 )=(1,1,0 . Then the Kronecker product of these FNSMsand B be
fuzzy neutrosophic soft block matrix

S=A0B
(ar{ltallliall:l)B (aIZIallball:Z)B (a'{3'311313§3)B (a'{m’ allm' agm)B ]
= (33113121:31;1)3 (agz'alzzzagz)B (32313123'312:3)3 (agm,aam,agm)B
l(agllagllagl)B <a§2'a{%2:agz)B (ag3,a133,a§3)8 (a;rnm» almmt aanm)BJ

Here(a,a',d )=(1,1,0 for all i=1,2,....,m asA is an FNSM reflexive of type-1 and
diagonal elements of B aréb;,Q} ,t;D =(1,1,0 for all j=1,2,....n as B is an FNSM
reflexive of type-1.

Therefore(sgp, épp, §pp> =(1,1,0 . for p=1,2,....mn, where m and n are the ordeihef t
FNSMs A and B respectively.
Hence Kronecker product of FNSMs reflexive of typés also reflexive of type-1.

Theorem 5.4. If FNSMs A and B be reflexive of type-2 then Kronecker prdadfahese
FNSMs is also reflexive of type-2.

Proof: Let FNSMs A and B be reflexive of type-2, thefig; Oa])< g and
(bf OB’ )< . Then the Kronecker product of these FNSMs and B be fuzzy

neutrosophic soft block matri$ = Al B
Fuzzy neutrosophic soft block matrix S contains biatks, diagonal blocks are

FNSMs (a/, 8, d ) B and off diagonal blocks argg;, ', d ) B wheni # j. Now for
the diagonals blocks we have

s, = max g, B} [=1,2,...m, p,g=1,2,...,n]

>max g, i, O B} [as Bis reflexive of typ.e-2]s; g,

Now for off diagonal blocks we have

s,=maX &, g} [i=1,2,...m,p,q=1.2,...n]
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>max g, i O B} [asBis reflexive of type-2]
— oF
= Sop u iq
Again, (a; Da].jF) < ?;F for all i,j=1,2,...,m.

Therefore, s, =(5, 0 5), k=1,2,....mkE 1,2,...r

Hence Kronecker product of two reflexive FNSMstyde-2 is fuzzy neutrosophic soft
block matrix S, which is also reflexive of type-2.

Theorem 5.5. If FNSMs A and B be reflexive of type-3 then Kronecker pradfdhese
FNSMs is also reflexive of type-3.
Proof: Let FNSMs A and B be reflexive of type-3,

then(aj Ogj)2 g, (g O )= 4,
and (bf Ob) = K", (B 0P )= B Then the Kronecker product of these FNSMsand

B be fuzzy neutrosophic soft block matis= ALl B
Fuzzy neutrosophic soft block matrix S contains biatks , diagonal blocks are FNSMs

(al.a . g ) B and off diagonal blocks afay , g, g ) B wheni # j.
Now for the diagonal blocks

S;q = mir{( g, dq),( d, lpq)} [where i=1,2,...,m, p,q=1,2,...,n]
<min{( g, B, OH).(d, B O b} [as B is reflexive of type-3]
= (S5 U8 $1 So-

Now for off diagonal blocks

S;q = mir{( g, dq),( d, lpq)} [where i=1,2,...,m, p,q=1,2,...,n]
smaX{( g, §,08).( a B O b} [as Bis reflexive of type-3]
= (S5 D89 0 30

Again, (a Da]{) > c';}T for all i,j=1,2,...,m.

(a Oa;)=4q forallij=1,2,...m

Therefore,s; < 5, 0 §, k=1,2,...m, I=1,2,...,n.

s <s.09,k=12,..mkE 12,..n5< s0 s,k 1,2,...,md 1,2,..Hence
Kronecker product of reflexive FNSMs of type-2 igzy neutrosophic soft block matrix
S, reflexive of type-3.

Theorem 5.6. If FNSMs A and B be reflexive of type-4 then Kronecker pradfchese
FNSMs is also reflexive of type-4.
Proof: If FNSMs A and B be reflexive of type-4 then

(31:: Da]"j:)s "%}F'(ﬁir N #)2 id!(iidDjjé)Zijéand

301



R. Uma, P. Murugadas and S. Sriram

(bf OB )< (P OP)= 8,80,6)=; bThen from the Theorems 5.4 and 5.5 ,

Kronecker product of these FNSMA and B be fuzzy neutrosophic soft block matrix
which is reflexive of type-4.

Theorem 5.7. If FNSMs A and B be reflexive of type-1 then Kronecker sunthafse
FNSMs is also reflexive of type-1.
Proof: Let FNSMs A and B of ordermx m and nx n respectively be reflexive of type

-1, then(a,a',d ) =(1,1,0 and(b/,k', 5 )=(1,1,0 . Then the Kronecker sum of
these FNSMSA and B be fuzzy neutrosophic soft block matrix

S= A2 B= AO(]D,+(,0B

where (1), and (I,),, are the fuzzy neutrosophic soft identity matridesv fuzzy
neutrosophic soft identity matriced,),) and (I,),, are reflexive FNSMs of type-

1.Therefore, by the Theorem 5.2 , direct sum oexéfe FNSMs of type-1, is again
reflexive of type-1.
Hence Kronecker sum of FNSMs reflexive of type-al&o reflexive of type-1.

Example. Let

A_[(07,06,03 (06,050
1(0.6,0.5,0.4 ( 0.8,0.6,0.

(0.8,0.6,0.4 ( 0.5,0.4,006 ¢ 0.3,0.2,p}
B=((0.4,0.3,0.4 ( 0.9,0.4,0.3( 0.6,0.3,0}
(0.4,0.3,0.» ( 0.5,0.2,04( 0.8,0.7,9}

be two reflexive FNSMs of order 2 and 3 respecyivditype-2,type-3 or type-4.
Now the Kronecker sum of these FNSMs and B be fuzzy neutrosophic soft block
matrix S where

SA® B= AD(),+(l,),0B=

(0.8,0.6,0.3) (0.5,0.4,0.6) (0.3,0.2,0.4) (0.6,0.5,0.5) (0,0,1) (0,0,1)
[(0.4,0.3,0.4) (0.9,0.6,0.3) (0.6,0.2,0.5) (0,0,1) (0.6,0.5,0.5) (0,0,1)
(0.4,0.3,0.5) (0.5,0.2,0.4) (0.8,0.7,0.3) (0,0,1) (0,0,1) (0.6,0.5,0.5)
[(0.6,0.5,0.4) (0,0,1) (0,0,1) (0.8,0.6,0.1) (0.5,0.4,0.6) (0.3,0.2,0.4)]
(0,0,1) (0.6,0.5,0.4) (0,0,1) (0.4,0.3,0.4) (0.9,0.6,0.1) (0.6,0.3,0.5)|
(0,0,1) (0,0,1) (0.6,0.5,0.4) (0.4,0.3,0.5) (0.5,0.2,0.4) (0.8,0.7,0.4)
Here(s Og)< s and(s 0g)=2 §.(s0,5)2,'s foralli=1,2,....6
and j=1,2,...,6.
Hence, fuzzy neutrosophic soft block matrix S ieséve of type-2, type-3 or
type-4.
6. Conclusion

In this article partitioning of FNSM in to an FNSB Authors has been might focused
on different types of fuzzy neutrosophic soft subtnm, direct sum, Kronecker sum,
Kronecker product of FNSM, relational operationfdsiSM and FNSBM
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