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Abstract. In this paper Minimal Strong Component (MSC) of a Fuzzy Neutrosophic Soft Matrix (FANSM)
is suggested. By employing the connection of periodicity behaviours of FNSM with its cut matrices, the peri-
odicity of power sequence of FA'SM is described. Especially the concepts of MSC is given and the periodicity
of a FN'SM by its (Theorem-4.10) on the basis of the above results, the greatest value max y = [l;] of the

li=n

periodicity of all SFNSM for a given positive integer n is obtained. So in a case we have clearly resolved the

problem of the greatest value of all periodicity FA'SM for a given positive integer n.

Keywords: Fuzzy Neutrosophic Soft Matrix (FNSM), Minimal Strong Component (MSC), Cut Fuzzy Neu-
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1. Introduction

The models of real-life problems in almost every field of science like mathematics, physics,
operations research, medical sciences, engineering, computer science, artificial intelligence, and
management sciences are mostly full of complexities. Many theories have been developed to
overcome these uncertainties; one among those theories is fuzzy set theory. Zadeh [I] was the
first who gave the concept of a Fuzzy Set (FS) are the generalizations or extensions of crisps
sets.

In order to add the concept of nonmembership term to the idea of FS, the concept of an
Intuitionistic Fuzzy Set (ZFS) was introduced by Atanassov in [2], where he added the thought
of nonmembership term to the definition of FS. The ZFS is characterized by a membership

function p and a nonmembership function 7 with ranges [0,1]. The ZFS is the generalization
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of a FS. An ZFS can be applied in several fields including modeling, medical diagnosis, and
decision-making. In [3] Molodtsov introduced the concept of a Soft Set SS and developed
the fundamental results related to this theory. Basic operations including complement, union,
and intersection are also defined on this set. Also he used SSs for applications in games,
probability, and operational theories. Maji et. al., [4[5] proposed the Fuzzy Soft Sets (FSSs)
and Intuitionistic Fuzzy Soft Set (ZFSS) by combining SSs and FSs and applied them in
decision-making problems.

The concept of neutrosophy was introduced by Smarandache in [6]. A Neutrosophic Set
(NS) is characterized by a truth membership function 7, an indeterminacy function Z, and
a falsity membership function F. A FS is a mathematical framework which generalizes the
concept of a classical set, FS, ZFS, and ZVFS. Broumi et,al., [7] proposed the generalized
interval neutrosophic soft set and its decision making problem.

Thomason [§] was the first who gave the concept of a Fuzzy Matrix F M. He discussed
the convergence of powers of F M, its play a vital role in scientific development. And he also
pointed out that the powers of a F M either converge or oscillate with a finite period. Li [9/10]
discussed the periodicity and index of fuzzy matrices in the general case. In [II] Fan proves
that the periodicity of a FM is the least common multiple (l.c.m.) of periodicity of its cut
matrices, and the index of a fuzzy matrix is not greater than the maximum index of its cut
matrices. It is also shown that the periodicity set of the power sequences of F Ms of order n is
not bounded from above by a power of n for all integers n. Liua and Ji [12/[13] have discussed the
periodicity of Square Fuzzy Matrices SFMs based on minimal strong components. Atanassov
[14.15] has studied intuitionistic fuzzy index matrix and the index matrix representation of the
intuitionistic fuzzy graphs has been studied. Murugadas et.al., [L6] presented the periodicity
of intuitionistic fuzzy matrix. Manoj Bora et.al., [17] introduced the concepts of Intuitionistic
Fuzzy Soft Matrix ZFSM theory and its Application in Medical Diagnosis. Arockiarani
and Sumathi [I8,[19] proposed Fuzzy Neutrosophic Soft Matrix FAN'SM and used them in
decision making problems. Kavitha et.al., [20H26] introduced some concepts on priodicity of
interval values, on powers of matrices and convergence of matrices usig the notion of FNSM.
The idea of monotone interval fuzzy neutrosophic soft eigenproblem and convergence of fuzzy
neutrosophic soft circulant matrices are proposed by Murugadas et.al., [2728]. Uma et.al., [29]
presented the concepts of FAN'SMs of Type-1 and Type-2.

This paper is organized as follows: In section-2, some basic notions related to this topics
are recalled. Section-3 we, discuss the properties of periodicity and index of FNSM. In
section-4 we, explain the digraph representaion of Strongly Connected SC and Minimal Strong
Components MSC by using SFNSM. Section-5 we can frame the algorithm to find the MSC
of FNSM. Section-6 is for conculusion.
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2. Preliminaries
The following definitions is needed to our study.

Definition 2.1. [6] A Neutrosophic Set 'S A on the universe of discourse X is defined as
A={{z, Ta(z), Za(z), Fa(z)),z € X}, where T,Z,F : X — |70,17[ and
0 < Ta(z) + Za(z) + Fa(z) < 3T.(2.1)

From philosophical point of view the neutrosophic set takes the value from real standard or non-
standard subsets of |0, 1*[. But in real life application especially in Scientific and Engineering
problems it is difficult to use neutrosophic set with value from real standard or non-standard
subset of |70,17[. Hence we consider the neutrosophic set which takes the value from the
subset of [0, 1]. Therefore we can rewrite equation (2.1) as 0 < Ta(z) + Za(x) + Fa(z) < 3.
In short an element @ in the neutrosophic set A, can be written as @ = (a” , a”, a”), where a”
denotes degree of truth, aZ denotes degree of indeterminacy, a” denotes degree of falsity such

that 0 < a” + o% + a” < 3.

Example 2.2. Assume that the universe of discourse X = {x1, x9, x3} where z;, x2 and z3
characterize the quality, reliability, and the price of the objects. It may be further assumed
that the values of {z1, z2, z3} are in [0, 1] and they are obtained from some investigations of
some experts. The experts may impose their opinion in three components viz; the degree of
goodness, the degree of indeterminacy and the degree of poorness to explain the characteristics
of the objects. Suppose A is a Neutrosophic Set (NS) of X, such that

A = {{(z1, 04, 0.5, 0.3),(x9, 0.7, 0.2, 0.4),(x3,0.8, 0.3, 0.4)} where for x; the degree of
goodness of quality is 0.4, degree of indeterminacy of quality is 0.5 and degree of falsity of
quality is 0.3 etc.

Definition 2.3. [18] A Fuzzy Neutrosophic Set FAN'S A on the universe of discourse X
is defined as A = {z,(Ta(x),Za(z), Fa(z)),z € X}, where T,Z,F : X — [0,1] and 0 <
Ta(z) +Za(z) + Fa(z) < 3.

Definition 2.4. [3] Let U be the initial universal set and E be a set of parameter. Consider
a non-empty set A, A C E. Let P(U) denotes the set of all fuzzy neutrosophic sets of U. The
collection (F, A) is termed to be the fuzzy neutrosophic soft set over U, where F' is a mapping
given by F': A — P(U). Here after we simply consider A as FN'SS over U instead of (F, A).

Definition 2.5. [18] Let U = {c1,¢2, ..., ¢ } be the universal set and E be the set of param-
eters given by E = {ej,ea,...,em}. Let A C E. A pair (F, A) be a FN'SS over U. Then the
subset of U x E is defined by Rg4 = {(u,e); e € A, u € Fa(e)}

which is called a relation form of (Fs, E). The membership function, indeterminacy member-

ship function and non membership function are written by
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Tr, :UxE — [0,1], Zr, : U x E — [0,1] and Fr, : U x E — [0,1] where Tr,(u,e) €
0,1}, Zr,(u,e) € [0,1] and Fg,(u,e) € [0,1] are the membership value, indeterminacy value
and non membership value respectively of uw € U for each e € E.

If (Tij, Zij, Fij)) = [Tij(uise;), Zij(ui, e5) , Fij(ui, e5)], we define a matrix

(T, Zu1, Fi) -+ (Tins Zin, Fin)
(T21, To1, Fo1) -+ (Tan, Zon, Fon)
[(Tij » Zijs Fij)lmxn = . . .
_<Tm1a Imla erl> e <Tmn7 Im'm an>_

Which is called an m x n FNSM of the FNSS(Fy, E) over U.

Definition 2.6. [29] Let A = (<az7;, ain, ai];)) <(bz7;, bzIJ, b]:>) € Npxn- The component

wise addition and component wise multiplication is defined as
T Iy F 3 F
A B= (sup{ag, bT} sup{a”, b; } znf{aij, bi; )

A® B = ( mf{aij, , inf{ak bI} sup{am, )

177

Definition 2.7. Let A € Ny xpn, B € Ny xp, the composition of A and B is defined as

AoB—<Zn:(aZ,;/\ b[j),zn: (aip A bi;) ﬁ (aj), v bZ)) )

k=1 k=1 =

equivalently we can write the same as

(V. Vit i),
k=1 k=1 k=1
The product Ao B is defined if and only if the number of columns of A is same as the number

of rows of B. Then A and B are said to be conformable for multiplication. We shall use AB
instead of Ao B.

Where > (aj,, A bz;) means max-min operation and
n
kl_[l(a{; v bij) means min-max operation.

Throught this paper, we are following this notation and notions [22,23].
Let R = ((r%, rin, rl];> and P = (((pg,p%],pf;}) with their elements in the unit interval
I=1[(0,0,1),(1,1,0)].
We discuss some definitions and notations.
o RxP=(r),rk ) x 0l 0k 0]) = Ve (T E, £> (L vE.v5)

o (r] vl pI VL = (o T L e ENE s (b T L 7Y ke =1,2,.

ig0 g0 iy ig0 g iy i50 Ti50 Tij
. <r5,r£, r7;)0 = &, where € is the unit FN'SM.
T f 7T F
e RS Piff (r ZJ—, TiisTij) < <pz;,p”,p”> Vi, j € {1,2,...,n},
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NT = {z|z is a positive integer}.

T . T F T I ,F\2 T . Z ,.F\3 T I F\m
In the sequence (Tij,rij,rij>,(Tij,rij,rij> ,<rij,1“ij,rij> ,...,<rl]7 Wr”> , ..., the num-

ber of different matrices is at most I"* [here, 1 is the number of all the different elements

that occure in FNSM (rl,rZ %) ] which is neatly finite. Hence, 3 indices s,t € NT,

zy’ z]’ z]
(S#t) 9<Z;7 £7TZ;> _<17;7 ;Z]a 5)
Let H = {(s,0)|((rf5, 55, rfi))* = (o)) s # s, t € NFY

={dld=|s—t|,(s,t) € H}.
By the well ordering property (of natural numbers) D has a least element d.
Clearly, d > 1.
Let K = {k|(r],rL, r7)F = (T 0k )k e NTY
Truly, K is a nonempty subset of N*. By well-ordering property, K has a least elemant
k(k>1).
The following definitions, remarks and lemmas are from [22,23]
A path in an ordinary directed graph (digraph) is a sequence of distinct vertices
V1,02, ...,vn O for ¢ = {1,2,...,n — 1}, there is a directed edge in the graph from
V; tO Viy1.
A digraph is Strongly Connected (SC) iff for any two vertices v;, v; here v; is reachable
from v;.
The Strong Components (SC) of a digraph G are those full subgraphs of G that are SC
and are not properly contained in any other SC subgraph of G.
A cycle in a digraph is a sequence of vertices vy, vs,...,v, 3 for
i ={1,2,...,7 — 1}, there is a directed edge from v; to v;+1 and v; = v, and all the

other v° are distinct.

Remark 2.8. An ordinary directed graph is really the same as a Boolean Fuzzy Neutrosophic
Soft Matrix BFNSM and the periodicity of oscillation of a BFANSM can be determined from

its corresponding digraph.

Lemma 2.9. The periodicity of a (SC) is the greatest common divisor (g.c.d.) of the lengths

of all cycles in its digraph.

Lemma 2.10. The periodicity of an ordinary digraph is the l.c.m. of the periods of all (SC)

in its graph.

3. Properties on Periodicity and Index

In this section, we give an equivalent definition of periodicity and index of a FANSM.
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Definition 3.1. If ((r/,r},r])) is a FNSM, m,s € Nt and ((r],rk,r]))stm
T I ,.F

((rT rL, r7))3, then we say that m is a periodicity of (r/,rZ. r7), and s starting point of

ERRVAREY) AREVAREY)
T, I .F :
((r/;>73;,73;)) corresponding to m.

Proposition 3.2. If s is a initial point corresponding to m; then n is also a first point(pt)
corresponding to m Vn € Z*,n > s.
Proof: Multiplying ((r/;,r%,77))"~* on both sides of ((r,r%, ri))st™ = ((rT L rl))*,

zg’ 7,]7 iJ 170 "igr iy i 7,]7 iJ
: T I . F — ((#T L . F S T
obtains ((r/;,r5,7:))" "™ = ((r];,ri;,r];))". Proof Completes. Next part it is known from

Property that the periodicity m decides a boundary 7,,. Every n with n > 7, is start
point corresponding to m, while every n with n < 7T, is not a first point closed to m. We call
T an index of ((r],r%,r7)). Clearly,

Ti5s Va5 Tij
Tm = min{s|(<rl7;,rizj,7“£>)s+m = (<TZ;,’I”£, Z];})S, m a given positive integer}.
Definition 3.3. We define the d = min{m|({r Z, %,rfj))”m = (<r;§, r%,rg;))s,
V s,m € NT} the least periodicity of ((r];,rZ, 7).

The natural numbers d exists from the well ordering property.

Proposition 3.4. Every periodicity m of ((r/, 7%, %)) is a multiple of d.

Z]’ ’L]’ 1]
Proof: Suppose this property does not hold.

Let as take that m =nd+p, 1 <p < d, r = max{T, Tq}.

T T 7
By known Property B2 ((r],r5,v/))" = ((rfyrfrf)) ™ = (]l rfp))rtndte
(<r;g, rz-Ij, r£>)"+p, it follows that p is periodicity of ({r ZJ—, zIJ, 7“5)), a contradiction to the defi-
nition of d.
Proposition 3.5. 7; is an index correponding to every periodicity of ({r Zj—, 5, 5 ))-
Proof: 7, denote the index corresponding to periodicity m of ({r Z , %, Zf; ))-

By Property 3.4, there exists an integer | € N* such that m = Id.

Thus ((rf;, v rf)) 7™ = ((rf o, o)) 1o = (T ey el T

By our definition of 7,,, we have 73 > T,. On the other words, for all m > 0, we can
find h € Z* suth that 7, + mh > Tg. Thus ((r], 7%, 5 ) Tetd = ((¢T oL ¢ Z))Tmtdtmh —

i igo T ig 1777130 1)
(<T£7T£7T%§>)Tm+mh = (< ;7]—7T£7T£>)Tma so we have Tm > 7;[
Definition 3.6. We said the common index 7; the index of ({(r Z, %, f; )), the least periodicity
d the periodicity of ({ ;g , %, 5 )), denoted by k, d, respectively.
Theorem 3.7. If N,H € N*, then (v], v, v/ = (T vk rT)NTH & N > k,d|H.
Proof: That implies since H is a periodicity of ({r ;g , %, {j )), by property B4 we get d|H.

Let Ty be the index corresponding to H. Since N is also an index of H, by the definition of
Tr, we need N > Ty. By Property B3 Ty = Tqg = k. So we have N > k.

< Suppose that H = md, m € Z*, N > k, then ((rZ;, r%j,r£>)k+H = ((rzj—,r%,ri))kerd
Rameshware K, Kavitha M and Murugadas P. The Periodicity of Square Fuzzy Neutrosophic Soft
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((r{?,r%,rﬁ)ﬁﬁmd ((rg, rin, rg;))Td = ((7“@7]—,7“5, 5)) . We follows that H is a periodicity of

(<rZ;,r£, £>) By Property B2and N > k, we obtain that N is Starting point (Spt) related

to H. Thus ((rT rL IO = ((rT L TN+

YR RREY 1777137 1)
Corollary 3.8. In the sequence (<r;g,r;-[j,r£>), ((TZJT, r%,r%))z, s ((r%,r%,ri))", ... the num-

ber of different FNSM is k + d — 1. The set of the k + d — 1 different FNSM is
T oL o F T I .F\\2 T T F\\k (/2T I . F\\k+1
X ={{r Tijs 1]7T1]>) (<7“ija7"ija7"ij>) 7"',(<TijaTijaTij>) a(<7°ija7“ija7“ij>) )

((rfy el e et

Proof: Ifa € Z*, a > k+d, thenlet a—k = sd+r, (s,r € Z", 0 <r < d—1). By Theorem

B:ﬂ((r;g, %, f;>) —(<7‘Zj—77“£7 5))(k+’”)+5d ((r ;g, %,7‘5))’“+T€X Ifa,b,eZt, 1<a<b<

k+d—1and (7, r5,rE)e = (L)), then (G, ef)® = (T, v, vyt e-o),

By Theorem B a > k, d|(b— a).
Thus b—a>b=05b>a+d > k+ d, contradiction to the assumption of b.

Lemma 3.9. If ((7“7]—, 5, 5)) and plj,plzj,pw are FNSMs, then ((rfg, %, 5)) =

(ol o5, 05)) & (0l vk rf))a = (0 0, o)A, VA€ L

From Lemma B9 we find if there is a A and ((r,r%,r7))\ = ((pg,plz],pfp))\, then

igo igo g
(T vl # (] 08 01)-

Let dy, k) denote the periodicity and index of ( ( rt

i 57 r77))\ Tespectively.

Theorem 3.10. d = [d)])er, k = If\la;({k‘)\}. here “[ ]” denotes l.c.m.
€
Proof: Set N = rg\la?{k:)\}, H = [da]rer- Let N = ky + 1y, H = 1)dy, where ry,l\ € NT, thus
€

N+H N+H kxtry+lyd kx+ixd
(T B e fNT = (0T ) >=<<r5,r5,ri§>)w** = (k)R
ka+
(<TZ;7T%‘7T5>)C\)\ = (<TZ;7 7’%,7’5»)\)‘ ™= (< K %77{;»)\ - (<T‘Z;,7’Zl]—,7’£>)f\v
By Lemma B3, we get ((r], vk, rZ)WNH = (0] rE rZ))N

By Lemma 3.9, we have N > k, d|H.
We first proof K = N. If k # N, due to the above discussion, we have k < N. By the definition
of N,3\ € I > k is not the index of ((r ;g, 11]-, £>) Thus ((r Zj—, r%,r%))i{”{ # (<r;g,r£,r£>)’§\

From Lemma B9 we get ((r Zj—, %, 7"5))]”% # ((r Z,r%, £>) a contradiction to the definition
of k.

Now we prove that d = H. Since d|H, so d < H. If d < H, then by the definition of #, there
exists A such that dy|d. By Lemma B9, we have ((r7,r%, rZ)5* £ (], rF,r])2)F. From

z]? i) 2] l]’ l]’ z]
Lemmal[3.9 it follows that ((r ;g, %, £>)k+d # ((r Z;, %, £>)k, a contradiction to the definition

of d.

The above Theorem [B.I0 is points out the relation of periodicity and index between a
FNSEM and its CFNSM. This result provides a new approach to the study of periodicity

and index of FANSM.
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Corollary 3.11. A FNSM converges iff each of its cut fuzzy neutrosophic soft matrices

converges.

Corollary 3.12. The periodicity of a FA'SM is a prime number p if and only if the periodicity
of each of its CFNSMs are p or 1.

4. Further Description of PFNSM

Let S be a strongly connected digraph, we let d(S) be the periodicity of S, h(S) the number

of all the different vertices of S,I(C) the length of directed cycle C, Gy the corresponding

TI}'>

digraphs of (r/;, 75,75

. The strong components of Gy are called the SC.

Definition 4.1. G, C Gg is that any point z,y € Gy, if there is a path between x and y in
G», then this path is retained in Gg, where A, 3 € I.
Gx N Gg, Gy UGg, stand for the intersection and combination of paths in digraph Gy and Gg

respectively.

Definition 4.2. WesaythatSaSCofafNSM(Z;, %, ZJ;) if thereisaAe I >SisaSC
of CFNSM (r] vk r7) ).

Zj’ Z]’ 1]

Proposition 4.3. If h(S) = m, then [(C) < m, where C is an arbitrary directed cycle of
SC S.

Proof: It is trivial from the definition of directed cycle.

Proposition 4.4. If A(S) = m, then d(S) < m.
Proof: By referring to Lemma [3.9, Property 4.3l and the properties of g.c.d, the proof is clear.

Proposition 4.5. If §;, Sy are SCs and §; C Sa, then d(S2)|d(S1) and h(S1) < h(S2).
Proof: From §; C S; we obtain that if C' is cycle of So then C' is also cycle of S. Hence the

cycle set of Sy includes the cycle set of 1. By Lemma 210/ and the properties of g.c.d., we get
d(81)]d(S2). By the definition of C we need h(S2) < h(Sy).

The [ different elements of FN'SM ((r],rZ r7)) are denoted in an increasing order \; <

zg’ z]’ z]
Ao < ... < A;. Then ({r Z]—, %, £>) has [ different CFNSM ((r Z, %, 5)))”(2 =1,2,..,0). G
denote the corresponding digraph of ({r Z, %, rl]; DA -

Let Q ={S|Sisa SC ofG;, i =1,2,...,1}, M = {51,852, ...,5:|S; and S; have some common
vertices, S;,S;j € Q,i # j}. Due to the idea of SC we know that if S;, S; are SC's and S;, S
have common vertices, then S;,S; belong to distint CFNSMs. without loss of genarality,
we assume that S; € (r],r%, i\, S; € (r],rF 7:>)\ and \; < Aj. From the fact that

ij> Tigo T ij> Tigo
(7“17;, rizj_»,r;?))\. > <ri§,ri1j, £>>\j and §;,S; have common vertices, we conclude that §; O ;.

So [M, C] is a partial order set and M is a subset of Q. The greatest element of [M, C]. So

Rameshware K, Kavitha M and Murugadas P , The Periodicity of Square Fuzzy Neutrosophic Soft
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M # ¢ and there is a minimal elements in [M, C]. Next we will explain that the number of

set M is at least one.

Definition 4.6. Any S € M is a Minimal Strong Component MSC if T € M
and T CS = that T =8, VT € M.

Example 4.7. This illustration clarify the notion of MSC.

(o) =

[(0.9,0.8,0.1)  (0.5,0.4,0.5)  (0,0,1)  (0.5,0.4,0.5) (0,0,1) (0,0,1)
(0.3,0.2,0.7)  (0,0,1)  (0.5,0.4,0.5)  (0,0,1) (0,0,1) (0,0,1)
(0,0,1)  (0.5,0.4,0.5)  (0,0,1) (0,0,1) (0,0,1)  (0.1,0.1,0.9)
(0.5,0.4,0.5)  (0,0,1)  (0.1,0.1,0.9)  (0,0,1) (0,0,1) (0,0,1)
(0,0,1) (0,0,1)  (0.3,0.2,0.7) (0.1,0.1,0.9) (0,0,1)  (0.3,0.2,0.7)
(0,0,1) (0,0,1) (0,0,1) (0,0,1) (0.3,02,07)  (0,0,1) |
e Then A; = (0,0,1), Ao = (0.1,0.1,0.9), A3 = (0.3,0.2,0.7), Ay = (0.5,0.4,0.5),

A5 = (0.9,0.8,0.1),

Gi(i =1,2,...,4) can be represented as follows.

In G9.9,0.8,0.1) there is only one SC &1 = {v1}.

In Gi9.5,0.4,05) there are two SCs Sp = {v1,v4}, S3 = {v2,v3}.

We notice that Sz is a SC which has no common vertices with &; and Ss. In this sense
we say that Ss is a newly appeared SC.

In G9.3,0.2,0.7) there are two SCs Sy = {v1,v2,v3,v4}, S5 = {vs5,v6}, S5 has no common
vertices with &1, 82,83 and Sy. So S5 is a newly appeared SCs in G(g.3,0.2,0.7)

In Gip.1,0.1,0.9) there is a only one component Sg = {v1, v2, x3,v4,v5,v6} there is a no
newly appeared SCs.

7’17;, rizj,rg))o is 1 we claim that G ) is a SCs by
itself. We denote this SCs as Sy. Clearly, the number of vertices in S7 is the same as
in 8¢ and Sg C S7. Hence we obtain that

Q = {81,852, 83,84, S5, S, St}

My = {81,852, 84,86, 57}, where §; € Sy € Sy € S C S,

My = {S3,84,86,S7}, where S3 C Sy C S C Sy,

M3z = {85, 86,57}, where S5 C S C S7.

The set of all MSC of FNSM((r] rE r])) is ¥ = {S;,S3,S5}.

170 " igr tig

b UD > V2
Fig-1. Graph of G(0.9,0.8,0.1)
V4 ® U3

Fig-2.Graph of G(0.5,0.4,0.9)

Noticing that each element of ({

Rameshware K, Kavitha M and Murugadas P , The Periodicity of Square Fuzzy
Neutrosophic Soft Matrices Based on Minimal Strong Components



Neutrosophic Sets and Systems, Vol. 73, 2024 KNl

vy () U1 U2

vy U3 v4 > v3

Vs Vg Us Ve
Fig-2.Graph of G(0.3,0.2,0.7) Fig-4 Group of G(0.1, 0.1,0.9)

Lemma 4.8. If U = {S|S is a MSC of FNSM}, then > d(S) < > h(S)<n
sev sev
Proof: First we take that if S,7 € U,8 # T, then SNT # ¢.

If S, T belong to the same CFNSM, by the definition of SC, we have SNT # ¢.
If (o], o, o ) <ﬂw’ ”,5 ), S C GlaT oL o) TngTﬂz ) and SNT # ¢, then A\, >

150 g (o] aZ]a”

Agy Ry, < Ry, From the definition of the coresponding matrix of an ordinary digraph, we
get g (0T 0 af)) cg ( ﬂ; 8% 67)- By the definition of C, S is also strongly connected in digraph
g<ﬂi7;7ﬁz‘l;7ﬁz—'§>' If S C S, where S is a strong component of G, (BT, 5L, 67 then S'NT 2 SNT # 6.
By our known definition of strong component and from the fact that S, T are both strong
components of gWZﬂUﬁQ’ we have &' = T. Hence S C S’ = 7. However, S #£T,5085CT,
a contradiction to the fact that 7 is a MSC. Thus SNT = ¢.

Let X = {x1,x9,...,x,} stand for the set of n different vertices of corresponding digraph of
every CFNSM. From the fact that set of all the different vertices of every MSC is included

in X and for VS, 7 € U if S # T, then SNT = ¢, we say that > h(S)=h(|J S) <n holds.

sew se¥
By property [£4] we get > d(S) < > h(S) <n
sev sev
Corollary 4.9. The number of MSC of an arbitrary SFNSM ((r Zj—, %, 5)) is not greater

than n.

In the below content, we first give the description of periodicity of an arbitrary SFNSM
by using the concept of MSC.

Theorem 4.10. If ((r], rZ r7)) is a FNSM,

2]7 zg’ z]
U ={81,8,...,Sw}, then d((r],r5, r7)) = [d(Si)]s, € V.

Proof: Here ¥, QO are the same as above. If the number of elements in ¥, Q are w and wu,
respectively, then w < u. For VT € Q|¥, since T is not a minimal element, 3§ € ¥ 5 S C T.
By property 4.4l we get

d(T)|d(S). (x)
From Lemma 210 and Theorem [B.10]

d(<TZ;7T%7T£>) = [d(<7’l7]—, r%7ri§>)\¢)]i=1,2,..-,l = [[d(s)]segi]iﬂ,?,..-,l
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= [d(S)]seo

[ ( ) ( w)vd(ﬂ)vvd(,ﬁl)]v% € Q|\Ij(l7 = 1v2v""h)'
By (*), for 7; € Q U, there exists an S € {S1,So, ..., Sy} satisfying d(7;)|d(S). So
AT 7 1) = (81, s d(S)] = S

Theorem 4.11. For given positive integer n, the greastest value of periodicity of all square

FNSM ismax Y [l;] (1 <i<n).

li=n
Proof: Let M = {[l1, ..., ]| Z li <n, l; e Z", 1 < w < n}. By Theorem ] for an arbi-
trary SFNSM(r 27;, %, 5)
AT 1E 1EY) = [d(S), . d(Sa)] € M,

i igr g

87; € \I/, 1< d(SZ) <n, Z d(SZ) <n
=1

On the other hand, for V[ly,...,l,] € M, > 1l; < n, we can find a fuzzy neutrosophic soft
i=l
matrix <7"Z;, rizj,ri]]'-> such that d(A) = [l1,...,ly]. In fact, the periodicity of the I; x [; Block

Boolean Fuzzy Neutrosophic Soft Matrix (BBFNSM)

is 1;, where £ is the unit matrix. The periodicity of the SBBFNSM

(Lol rin (0,0,1) :(0,0,1)
An=q0,0,1)  (loatDw (0,0,1)
(0,0, 1) (0,0,1) E
is [l1, ..., lw]. Hence, the greatest periodicity of square FNSM ((r Z, %, 5)) is the greatest
value of M.
W W
For > 1 <n, weneed [ly, ..., lw] < [l,...lw,n — > U] < Zr:nlaux (1, ..., lw]. So
=1 =1 i=n
zr:r;aiin[ll, ceey lw] = zI:?(iii(n[ll, ceey lw}

5. An Algorithm to Find the Period

e According to Theorem Bl we can determine the following algorithm to obtain the

periodicity d for an arbitrary CFNSM ({ 17]—, Z']—,TZ;»
Rameshware K, Kavitha M and Murugadas P , The Periodicity of Square Fuzzy Neutrosophic Soft
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e Step 1: Compute the CFNSM according to the different elements of R =
T I . F
(<7"ija7‘ija7“z'j>)
o Let ((r Z;, g, Z];)) be the first CFNSM such that has at least one directed cycle,
and (r]: the first CFN SM such that the number of vertices of all its SCs is

n.

I
Tijr i zg>/\a

e Step 2: Determine A, Ap.

e Step 3: Find MSCs of ((r 27;7 57 £>)>\a,...,(<rzj—,rzzj-, £>)>\b

e From the definition of MSC and Lemmal[3.9, we can find MSCs by the following method.
e SCof ((r], 7L r7))y, are MSC of ((r]., 7L r1)).

zg’ zy’ ij l]’ 1]7 7]
o For ((r],rfy, rfiae (rf ) ne (@ S k < 0=1), i S is a SCof ((r] 15, rf)ae
and for an arbitary strong component 7 if ({r ,57 ZI], £>)>\w
S N7T = ¢ holds, then S is a MSC.
e Step 4: Find all the directed cycles of MSC of ({r Z, %,TZ;»

e Step 5: Evaluate d(R) = [L, Le, ...,£m>]i:1,2’.__7w

Flowchart to obtain the periodicity d for an arbitrary fuzzy neutrosophic soft matrix R =

(rdy i rfy))-

ij Tigs Tij
/ Let astake CFN'SM of R /

Determinethe A, A\p
L

Evaluate the MSC of R

N2
FOI’R)\,C,'R)\]Hl;(CL <k<b- 1)

Find all thecyclesof MSCof R

N2
/ Compute d(R) = L1,... [
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Theorem 5.1. The periodicity of square fuzzy neutrosophic soft matrix ((r/.,7Z, 7)) is

i) z]’ z]
d((r%,ri, £>) (L1, L2, ... Ly, li=1,2,...w, where () stand for the g.c.d.
Proof: All of the different elements and CFNSM (( Z; , 5, rfj: )) are assumed as above. By

the definition of CFNSM, we can find A\,, \p € I(A; > \p) satisfying the next conditions.

((r;g,r%j,rf;}),\a has at least one directed cycle. But if \; > A\, = (r%, r%,rg;),\j <

TI]—'>)_1 -

<T77J—, %, Uha then (r ZJ', 5, U) has no cycles. Thus d((r Tl Tiis T

(ii) <7°Z7;, rin, r£>Ab is the first CFNSM X that number of different vertices of all its SCs is n.
IfN <X = (<sz—, Z, £>)Aj > (<7”;g, %, 5)),\(1, then the number of different vertices of all
its SCs for ((r Fg, g,rf;)),\j is also n.

From the definition of MSC, for ({(r Z;,T’%,T‘Z;b\ ) mentioned in (¢) and (4%) (<rz7;,rizj,ri];>))\j has
no MSC.

Therefore ¥ = {S|S € ({r Z;, 5, £>)>\j,>\a >\ > M}

Theorem b1l we known that d(R) = [£1, L1, ..., Lu;)i=1,2,....w

Example 5.2. Let (r Z, ZI], l]; ) be the fuzzy neutrosophic soft matrix mentioned in Example

A7 Then A, = (0.9,0.8,0.1), X = (0.3,0.2,0.7)
d((rf il rd)) = [d(81),d(S3),, d(S5)] = [1,2,2] = 2

6. Conclusion

We have defined the concept of MSC, and obtained the periodicity of fuzzy neutrosophic
soft matrices by the periodicity of its MSC. We have also pointed out that the index of FNSM
is the greatest value of indices of its CFNSM. Future scope of this research work could be to
investigate the oscillating period index, strongly connected boolean matrix in the freamework

of FNSM. We will applied this results for decision making problems.
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