. mathematics ﬁw\o\w

Article
Soft Rough Neutrosophic Influence
Graphs with Application

Hafsa Masood Malik 1, Muhammad Akram 1* and Florentin Smarandache 2

1 Department of Mathematics, University of the Punjab, New Campus, Lahore 54590, Pakistan;

hafsa.masood.malik@gmail.com

2 University of New Mexico Mathematics & Science Department 705 Gurley Ave., Gallup, NM 87301, USA;
fsmarandache@gmail.com

*  Correspondence: m.akram@pucit.edu.pk

check for
Received: 28 June 2018; Accepted: 15 July 2018; Published: 18 July 2018 updates

Abstract: In this paper, we apply the notion of soft rough neutrosophic sets to graph theory.
We develop certain new concepts, including soft rough neutrosophic graphs, soft rough neutrosophic
influence graphs, soft rough neutrosophic influence cycles and soft rough neutrosophic influence
trees. We illustrate these concepts with examples, and investigate some of their properties. We solve
the decision-making problem by using our proposed algorithm.
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1. Introduction

Smarandache [1] introduced neutrosophic sets as a generalization of fuzzy sets and intuitionistic
fuzzy sets. A neutrosophic set has three constituents: truth-membership, indeterminacy-membership
and falsity-membership, in which each membership value is a real standard or non-standard subset of
the unit interval

07,17 . In real-life problems, neutrosophic sets can be applied more appropriately by using
the single-valued neutrosophic sets defined by Smarandache [1] and Wang et al. [2]. Ye [3,4] and
Peng et al. [5] further extended the study of neutrosophic sets. Soft set theory [6] was proposed by
Molodtsov in 1999 to deal with uncertainty in a parametric manner. Babitha and Sunil discussed the
concept of soft set relation [7]. On the other hand, Pawlak [8] proposed the notion of rough sets. It is a
rigid appearance of modeling and processing partial information. It has been effectively connected
to decision analysis, machine learning, inductive reasoning, intelligent systems, pattern recognition,
signal analysis, expert systems, knowledge discovery, image processing, and many other fields [9-12].
In literature, rough theory has been applied in different field of mathematics [13-16]. Dubois and
Prade [17] developed two concepts called rough fuzzy sets and fuzzy rough sets and concluded that
these two theories are different approaches to handle vagueness. Feng et al. [18] combined soft sets
with fuzzy sets and rough sets. Meng et al. [19] dealt with soft rough fuzzy sets and soft fuzzy rough
sets. Broumi et al. [20] studied rough neutrosophic sets. Yang et al. [21] proposed single-valued
neutrosophic rough sets, and established an algorithm for decision-making problem based on single-
valued neutrosophic rough sets on two universes.

A graph is a convenient way of representing information involving relationship between objects.
The objects are represented by vertices and relations by edges. When there is vagueness in the
description of the objects or in its relationships or in both, it is natural that we need to design a fuzzy
graph model. Fuzzy models has vital role as their aspiration in decreasing the irregularity between the
traditional numerical models used in engineering and sciences and the symbolic models used in expert
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systems. The fuzzy graph theory as a generalization of Euler’s graph theory was first introduced by
Kaufmann [22]. Later, Rosenfeld [23] considered fuzzy graphs and obtained analogs of several graph
theoretical concepts. Mordeson and Peng [24] defined some operations on fuzzy graphs. Mathew
and Sunitha [25,26] presented some new concepts on fuzzy graphs. Gani et al. [27-30] discussed
several concepts, including size, order, degree, regularity and edge regularity in fuzzy graphs and
intuitionistic fuzzy graphs. Parvathi and Karunambigai [31] described some operation on intuitionistic
fuzzy graph. Recently, Akram et al. [32-36] has introduced several extensions of fuzzy graphs with
applications. Denish [37] considered the idea of fuzzy incidence graph. Fuzzy incidence graphs were
further studied in [38,39]. Due to the limitation of humans knowledge to understand the complex
problems, it is very difficult to apply only a single type of uncertainty method to deal with such
problems. Therefore, it is necessary to develop hybrid models by incorporating the advantages of
many other different mathematical models dealing uncertainty. Recently, new hybrid models, including
rough fuzzy graphs [40,41], fuzzy rough graphs [42], intuitionistic fuzzy rough graphs [43,44], rough
neutrosophic graphs [45] and neutrosophic soft rough graphs [46] are constructed. For other notations
and definitions, the readers are refereed to [47-51]. In this paper, we apply the notion of soft rough
neutrosophic sets to graph theory. We develop certain new concepts, including soft rough neutrosophic
graphs, soft rough neutrosophic influence graphs, soft rough neutrosophic influence cycles and soft
rough neutrosophic influence trees. We illustrate these concepts with examples, and investigate some
of their properties. We solve decision-making problem by using our proposed algorithm.

This paper is organized as follows. In Section 2, some definitions and some properties of soft
rough neutrosophic graphs are given. In Section 3, soft rough neutrosophic influence graphs, soft rough
neutrosophic influence cycles and soft rough neutrosophic influence trees are discussed. In Section 4,
an application is presented. Finally, we conclude our contribution with a summary in Section 5 and an
outlook for the further research.

2. Soft Rough Neutrosophic Graphs

Definition 1. Let B be Boolean set and A a set of attributes. For an arbitrary full soft set S over B such
that Ss(a) CB, for some ac A, where Ss:A—'P(B) is a set-valued function defined as Ss(a)={beB|(a,b)€S},
forallac A. Let (B,S) be a full soft approximation space. For any neutrosophic set N={(b,Tn(b),In(b),Fx(D))|
beB}e N (B), where N'(B) is neutrosophic power set of set B. The upper and lower soft rough neutrosophic
approximations of N w.r.t (B,S), denoted by S(N) and S(N), respectively, are defined as follows:

S(N)={(b, 5 (8), Fs) (B), Fsn (b)) | b €8},
S(N)={ (b, Ts J(8), Isqn) (8), Fsqu () | b €BY,

where

Tsny®= AV Tne), Tsm® =\ A Tn()

beSs(a) teSs(a) beSs(a) teSs(a)
Enm®=V A IO, @)= AV IO, @
beSs(a) teSs(a) beSs(a) teSs(a)
V A B, @)= AV En()
beSs(a) teSs(a) beSs(a) teSs(a)

In other words,

oo ®) = A ((1-5(0,6) v(v< (0.0 ATN(0) ),

teB

TS(N)(b)—\/( (a,b) /\(/\( )V Tn(t )))),
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The pair (S(N),S(N)) is called soft rough neutrosophic set (SRNS) of N w.r.t (B,S).

Example 1. Suppose N={(b1,0.8,0.3,0.16),(b»,0.85,0.24,0.2), (b3,0.79,0.2,0.2),(b4,0.85,0.36,0.25), (b5,0.82,0.25,0.25) }
is a neutrosophic set on the universal set B={b1,b2,b3,b4,b5} under consideration. Let A={ay,a5,a3} be a set of
parameter on B. A full soft set over B, denoted by S, is defined in Table 1.

Table 1. Full soft set S.

S by by b3 by bs

a2 0 0 1 0 1
» 1 0 1 0 0
a3 0 1 1 1 1

A set-valued function Ss:A—P(B) is defined as Ss(a1)={b3,b5},Ss(a2)={b1,b3},5s(a3)={b2,b3,b4,b5}.
From Equation (1) of Definition 1, we have

\/ N(y)=Vv{0.8,0.79}=0.80,

yESS(az)
= A N(y)=~{03,02} =0.20,
yESS(az)
= A N(y)=n{0.16,0.2}=0.16;
yeSb(az)
= A N(y)=n~{08,0.79}=0.79,
V‘ESS(’D)
= \/ N(y)=v{03,02} =0.30,
VESS(“Z)
Fsnvy(b1) = \/  N(y)=V{0.16,0.2}=0.20.
Yy€ESs(az)
Similarly,
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Thus, we obtain

S(N)={(b,0.80,0.20,0.16), (b5, 0.85,0.20,0.20), (b3,0.80,0.20,0.20),
(bs, 0.85,0.20,0.20), (b5, 0.82,0.20,0.20) },

S(N)={(b1,0.79,0.30,0.20), (b,0.79,0.36,0.25), (b3,0.79,0.25,0.20),
(bs,0.79,0.36,0.25), (bs,0.79,0.25,0.25) }.

Definition 2. A soft rough neutrosophic relation(SRNR) (R(M),R(M)) on B=BxB is a soft rough
neutrosophic set, R:A(Ax A)—P(B) is a full soft set on B and defined by

R(&lkl, bz]) S min{S(ﬂk, bi)/ S(“l/ b])}/

for all (ay,bij) €R, such that Rs(ay) CB for some ay € A, where Rg: A—P(B) is a set-valued function, for all
ay €A, defined by
Rs(aw) = {bij € B (an, bij) € R}, bjj € B.
For any neutrosophic set MEN (B), the upper and lower soft rough neutrosophic approximation of M
w.r.t (B,R) are defined as follows:

E(M { l]/ ( i )IIK(M)(bij)/FR(M)<bij)) | bij GB} 7
R(M)={(byj, Tr(an) (bij), Ir(a) (bij), Frny (b)) | bij €B},

where

Trowy ()= N\ Vo Tulty), Tran(by) = \/ AN Tm(t),

bij€Rs(axr) tiERs(axy) bij€Rs(axr) tij€Rs (ay)

Iy (bij) = V A Iutiy), Irany(bi) = /\ Vo Iu(t), )

bij€Rs(ay) tij€Rs(ax) bij€Rs(ap) tij€Rs(ax)

From(bij)= "/ AN Emti), Frowy(by) = A \V  Ful(t).

bij€Rs(ay) tij€Rs(ax) bij€Rs(ap) tij€Rs(ax)
In other words,

1_R(‘1k1rbz]>)v< V' (R(ag, tij) A Tt )

ti]'EB

R(a, bij) N ( A (1= R(aw, tij) V T (t

tl‘/EB

Al
(
Ty 69 = V(R b A (A (0= Reaw 1))V I
(
(
(

tl‘/EB

tl']'EB

R(ay, bij) A ( A\ ((1=R(ag, tij)) V Fu(t;
t,']'EB

(1*R(ﬂk1,sz))\/( V' (R(aw, tij) A Fu(tij
t[]'GB

)
"))
"))
(1= Rlaw )V ( V (Rlaws ) 7 (1)) ),
")
)
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If R(M)=R(M), then it is called induced soft rough neutrosophic relation on soft rough neutrosophic set,
otherwise, soft rough neutrosophic relation.

Remark 1. For a neutrosophic set M on B and a neutrosophic set N on B, we have neutrosophic relation
as follow

Tu(bij) smin{Tn(b;)}, Im(byj)< min{Iy(bi)}, Fam(bij)< min{Fy(bi)}-

From Definition 2, it follows that:

A
v
—
Ny
T
N
——
~

Trow (bij) <min{Tgn)(bi), Ts(ny (b))}
Iy (bi) < max{ Iy (bi), sy )(b])}/ Ir(my (bij) < max{Ign)(bi), Is(ny (b))},
Fr(ay (bif) <max{Fgy (bi), Fg(n) (b7)}, Freary (bij) <max{Fs(n)(bi), Fs(n) (b)) }-

Definition 3. In Definition 2 b;; is called effective, if

Trom) (bi)) =Tsn) (0i) A Tsn (b7), Trqary (bif) =Ts ) (bi) A Ton (b)),
Iy (bif) =Is(ny (i) V Isn (b7), T (bij) =Ig(ny (bi) V Ign (b)),
Fra) (bij) =Fs(ny (bi) V Fsn (bj), Fgoa) (bi) =Fg(ny (bi) V Fan (bj).-

Definition 4. A soft rough neutrosophic influence (SRNI) is a relation from soft rough neutrosophic set to soft

rough neutrosophic relation, denoted by (X(Q),X(Q)) on B=Bx B, where X:A(Ax A)—P(B) is a full soft
set on B defined by

X (ayamn, bzb]k) < S(ay, b;) A R(amy, b]'k)/
for all (ajamn,bibj) €X and for some i#j#k and |#m+#n. Let Xs:A—P(B) be a set-valued function defined by

Xs(alamn) = {b1b]k S 1§|(alamn, (bi,,b]'k)) S X}, V(a,lamn) S A,

For any QEN (B), the upper and lower soft rough neutrosophic approximation of Q w.r.t (B,X), for all
bibjkeﬁ, are defined as follows:

X(Q)={(bibjk, Tx() (bibjx), Ix (@) (bibj), F(q) (bibj)) },
X(Q)={(bibjx, Tx () (bibjk), Ix(0) (bibjx), Fx (o) (bibjx)) },
where
Ty (bib)= )\ Vo Toltity),
bibjkEXS(lZZﬂmn) tit]-kEXs({l[amn)
Tx(g(bibi)="V N Toltiti),
h,‘bjkEXs(llllZmn) t,‘tjkEXg(ﬂlllmn)
Iz(q) (bibji) = \ N Io(titix),
bihjkEXs(ulamn) titjkGXs(alumn)
Iy (bibje) =\ Vo Ilo(tity) ®)
bibjkeXs(a]amn) titjkexs(ulﬂnm)
%(Q)(bibjk): \/ /\ FQ(titjk)l

b,‘bjkGXS (a;amn) t,‘tjkGXs (alamn)
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Fxg)(bibjr)=" A V' Foltity) .

bibjk eXs (ulamn) titjkGXs ([llllmn)

In other words,

blb]k ( ll]llmn,blb]k)) ( \/ (X(alamn, tzt]k) A TQ(tlt]k))
A €A f,'f]’kGB
b b]k (X a;amn, b; b]k ( /\ ((1 — X(ﬂlamn/titjk)) V TQ(tzt]k))

aamn €A i’,t]‘kEB

X alamn,b b]k ( /\ ((1 — X(alamn,titjk)) vV IQ(t tjk))

A, €A ( t,’tjkEB

)

)

(g (bibjx) = )
(bibye) = X(aann, bib) V ( V(X i) Alo(titi)) ) ),
)

)

Ix(q)

ﬂza,m,GA t,‘tjkEB

blb]k (X a,amn,b b]k ( /\ ((1 — X(lillllmn, titjk)) V FQ(t t]k))

HI{ly,mEA t,'t/'kEB

o) (biby) = A\ ((1_X(‘Zlamnrbibjk))v< V  (X(@gamn, tity) A Fo(titi)) )
A €A t,‘l’]‘kGB

Remark 2. For a neutrosophic set Q on B and a neutrosophic set N and M on B and B, respectively, we have
neutrosophic relation as follow

To(bibj) SH]!}(H{TM(bjk)}r Iq(bibjx) SH}}(H{IM(bjk)}I Fo(bibj) SH},{H{FM(bjk)}-

From Definition 4, we have

Tx(g) (bibjx) <min{Tgy(bi), Trea) (bj)},  Tx(q) (bibjic) < min{Tg(ny (bi), Tr(a) (bjic) },
Iz () (bibje) < max{Ig ) (bi), Ireay (bj)},  Ix(q) (bibjic) < max{Is(n) (bi), Ir(ar) (Dji) },
Fx(g) (bibj) <max{Fg(y(bi), Frap) (bji)}, Fx(q) (bibjk) < max{Fs(n) (bi), Fr(am) (bji) }-

Definition 5. In Definition 4 b;bj is called influence effective, if
TX(Q) (bibjk):Tg(N) (bl) A TBM(bij)/ TY(Q) (bib]'k):Tf(N) (bz) A TFM(bi]')/

Ix (@) (bibji) =Is(ny(Di) V Irm(bij), Ig(q) (bibjic) =I5 (bi) V Igps (bi),
Fx(q) (bibji) =Fs(ny (bi) V Frm (bij), Fxq) (bibjic) =Fg () (i) V Frypy (bif)-

Example 2. Let a full soft set S on an universal set B={b1,b,b3,b4} with A={ay,a,,a3} a set of parameters
can be defined in tabular form as Table 2 as follows:

Table 2. Full soft set S.

S by by b3 by

w1 1 0 1
0 0 1 1
a3 1 1 1 1

Now, we can define set-valued function S such that

Ss(a1) = {b1,b2,bs},Ss(az2) = {b3, ba}, Ss(az) = {b1, b, b3, bs}.
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Let N= {(b1,1.0,0.0,0.0),(b,,0.8,0.0,0.1),(b3,0.5,0.5,0.5),(b4,0.4,0.7,0.3) } be a neutrosophic set on B,
then by using Equation (1) of Definition 1, we have

S(N) = {(b1,1.0,0.0,0.0), (b, 1.0,0.0,0.0), (b3,0.5,0.5,0.3), (bs,0.5,0.5,0.3)},

S(N) = {(b1,0.4,0.7,0.3), (b,0.4,0.7,0.3), (b3,0.4,0.7,0.5), (bs,0.4,0.7,0.3) }.

Hence (S(N),S(N)) is soft rough neutrosophic set. Let a full soft set R on C={b12,bx,b23,b3,b4o} CB
with L={ay3,a,a3,} CA can be defined in Table 3 (from L to C) as follows:

Table 3. Full soft set R.

Now, we can define set-valued function R such that

Rs(a13) = {b12, b2, b3, ban }, Rs(a21) = {b32}, Rs(az2) = {b2s}.

and M= {(b12,0.4,0.0,0.0),(b2,,0.4,0.0,0.0),(b23,0.4,0.0,0.0), (b32,0.4,0.0,0.0),(b42,0.4,0.0,0.0) } a neutrosophic
relation on B, then by using Equation (2) of Definition 2, we get

(M)=
(M)=

(b12,0.4,0.0,0.0),(b2,0.4,0.0,0.0),(bs3,0.4,0.0,0.0),(bsp, 0.4, 0.0,0.0),(b42, 0.4,0.0,0.0) },

R
R (b12,0.4,0.0,0.0),(b22,0.4,0.0,0.0),(by3,0.4,0.0,0.0), (b3, 0.4,0.0,0.0),(bsp, 0.4,0.0,0.0) }.

{
{

Hence (R(M),R(M)) is an induced soft rough neutrosophic relation. Let a full soft set X on
D={b1b22,b1b23,b1b32,b1b42,b3b12,b3b22,b3b42,b4b12,b4b22,b4b23,b4b32 } CB with P={a13,a21,a32} CA can be
defined in Table 4 (from P to D) as follows:

Table 4. Full soft set X.

X bibyy bibaz  bibzy bibsy  b3sbiz  bsbyy  bzbsx  bibiz  babyy  bgbaz  babz

1143 0 1 0 0 0 0 0 0 0 1 0
2013 0 0 0 0 0 1 1 1 1 1 1
a3, 0 1 0 0 0 0 0 0 0 0 1

Since X is not full soft set on D, therefore, soft rough neutrosophic influence cannot be defined on D.

Definition 6. A soft rough neutrosophic graph on a nonempty V is a 5-ordered tuple G=(A,S,SN,R,RM)
such that

(i) Aisaset of attributes,

(ii) S is an arbitrary full soft set over V,

(iii) R is an arbitrary full soft set over E C V,

(vi) SN=(S(N),S(N)) is a soft rough neutrosophic set of V,

(v) RM=(R(M),R(M)) is a soft rough neutrosophic set on E C V,

In other words G=(G,G)=(SN,RM) is a soft rough neutrosophic graph(SRNG), where
G=(S(N),R(M)) and G=(S(N),R(M)) are lower soft rough neutrosophic approximate graphs (LSRNAGs)
and upper soft rough neutrosophic approximate graphs (USRNAGs), respectively, of G=(SN,RM).
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Example 3. Let V={v1,05,03,04,05,04 } be a vertex set and A={ay,az,a3} a set of parameters. A full soft set
S from A on 'V can be defined in tabular form in Table 5 as follows:

Table 5. Full soft set S.

S (%1 U2 U3 (7 U5 (Y
a1 1 1 1 1 0
a0 0 1 1 1 1
a3 1 1 0 0 1 1

Let N={(v1,0.8,0.6,0.4),(v,0.9,0.4,0.45),(v3,0.7,0.4,0.35),(04,0.6,0.3,0.5),(05,0.4,0.7,0.6),(0,0.5,0.5,0.5) }
be a neutrosophic set on V. Then from Equation (1) of Definition 1, we have

S(N)={(v1,0.9,0.4,0.4),(v5,0.9,0.4,0.4),(v3,0.7,0.3,0.5),(v4,0.7,0.3,0.5),(vs,0.7,0.4,0.5),
(v6,0.7,0.4,0.5) },
S(N)={(v1,0.4,0.7,0.6),(v2,0.4,0.7,0.6),(v3,0.4,0.7,1.0),(v4,0.4,0.7,1.0),(vs,0.4,0.7,0.6),
(v6,0.4,0.7,0.6) }.
Hence, SN=(S(N),S(N)) is a soft rough neutrosophic set on V. Let E={v11,015,016,023,025,034,041,043,
Us6,062,063 } CV and L={a12,a13,a91,a23,a31 y CA. Then a full soft set R on E (from L to E) can be defined in
Table 6 as follows:

Table 6. Full soft set R.

R 011 015 U16 023 025 U34 U41 043 Us6 062 V63

4, 0O 1 1 1 1 1 0 1 1 0 0
m3 1 1 1 0o 1 0 1 0 1 0 0
4y O 0 ©O0 o0 o0 1 1 1 o0 1 1
mm 0O 0 0 o0 o0 o0 1 0 1 1 0
3 1 1 0 1 1 0 0 0 0 1 0

Let M={(v11,0.4,0.3,0.35),(v15,0.3,0.3,0.2),(v16,0.3,0.2,0.25),(v23,0.4,0.1,0.1),(v5,0.4,0.2,0.0),(v34,0.3,
0.1,0.3),(v41,0.2,0.1,0.2),(v43,0.4,0.28,0.2),(v56,0.4,0.3,0.3),(v2,0.35,0.25,0.32), (v63,0.4,0.12,0.34) } be a
neutrosophic set on E. Then from Equation (2) of Definition 2, we have

R(M)={(v11,0.4,0.1,0.00), (015,0.4,0.10,0.00), (v16,0.4,0.10,0.00), (v33,0.4,0.10,0.00),

(v25,0.4,0.1,0.00), (v34,0.4,0.10,0.20), (v41,0.4,0.10,0.30), (043,0.4,0.10,0.20),
(vs6,0.4,0.1,0.30), (vga, 0.4,0.10,0.30), (vg3,0.4,0.10,0.20)},

R(M)={(v11,0.3,0.3,0.35), (015,0.3,0.30,0.35), (v16,0.3,0.30, 1.00), (v23,0.3,0.30,0.35),

(v25,0.3,0.3,0.35), (v34,0.3,0.28,0.34), (v41,0.2,0.28,0.32), (v43,0.3,0.28,0.34),
(vs6,0.3,0.3,0.32), (vg2,0.3,0.28,0.32), (vg3,0.2,0.28,0.34) }..

Hence, RM=(R(M),R(M)) is soft rough neutrosophic set on E. Thus, G=(S(N),R(M)) and
G=(S(N),R(M)) are LSRNAG and USRNAG, respectively, as shown in Figure 1.
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/7, v1(0.4,0.7,0.6)

v4(0.4,0.7,0.1)
v5(0.4,0.7,0.6)

(S(N), B(M))

_1(0.9.0.4,0.4) (09.0.4.0.4) L0
o.y v2(VU.9,0.4,U. KOA’O
Q-

04(0.7,0.3,0.5) 55(0.7,04.05) 06(0.7,0.4,0.5)

(S(N), R(M))

Figure 1. Soft rough neutrosophic graph G

Hence, G=(G,G) is SRNG.
Definition 7. An underlying gmph(supporting graph) G*=(G*,G") of a soft rough neutrosophic graph
E*)and G =(V',E"),

) #0,Isny(0) # 0, Fg(ny (v) # 0},

) #0, IE(N)(U) #0, S(N)< v) # 0},

) (vij) # 0, Fpewmy (vi) # 0},

(vij) # 0, Fr(y (vij) # 0}

G=(G,G) is of the form G*=(V*,
V*=Lower Vertex Set={v € V|Tg(y) (v

V" =Upper Vertex Set={v € V|Tgny (v
Uz]) #0, IB(M

E* =Lower Edge Set ={v;; € E[Tgpp)(
(vz]) #0, )

E" =Upper Edge Set ={vjj € E|Tg(m)

Definition 8. A soft rough neutrosophic graph has a walk if each approximation graph has an alternative

sequence of the form
00,€0,01,€1,02,*** ,On—1,€n—1,Un
such that
vkEK*, ekEE*, vaV*, ekEE
n—1. If vy = vy, then it is called closed walk. If the edges are distinct

where ey = vy(x1q) € E, Vk=0,1,2,- -
then it is called a soft rough neutrosophic trail (SRN trail). If the vertices are distinct, then it is called a soft
rough neutrosophic path (SRN path). If a path in a SRNG is closed, then it is called a cycle.
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Definition 9. A strength of soft rough neutrosophic graph, denoted by stren, is defined as

sten=(( A Tagan (05) A C A T ) (V. Tigan (00

VjREE" ojk€E" vjREE"
(V k@) (V' Fran @) vV Fﬁ(M)(Ujk))>-
’UjkEE* vjkeﬁ* U]‘kEE*

Definition 10. A strongest path joining any two vertices v; and vy is the soft rough neutrosophic path which has
maximum strength from v; and vy, denoted by CONNg (v;, vy ) or E® (v, v ), is called strength of connectedness
from v; and vy.

Definition 11. A soft rough neutrosophic graph is a cycle if and only if the underlying graphs of each
approximation is a cycle. A soft rough neutrosophic cycle is a soft rough neutrosophic graph if and only
if the supporting graph of each approximation graph is a cycle and there exist vlm,vijeﬁ*,vlm,vijef* and
U1 #0jj such that

R(M)(vij) = N\

Equivalently, each approximation graph is a cycle such that

B(M)(Uzj)Z( A Teemy@m) N k(@) V FB(M)(Ulm))/

'U],HEE*—‘UZ‘]' vlmeE*_vi]' vlmeE*_vij
F(M)(vij):< A Tron@m) N kon@m), %(M)(Ulm))-
UImGE*—Ui/ UImGE*—Ui/ Ulmef*—vi/

Example 4. Let V={v1,02,03,04} be a vertex set and A={ay,a3,a3,a4} a set of parameters. A relation S over
AXV can be defined in tabular form in Table 7 as follows:

Table 7. Full soft set S.

S U1 (3 U3 U4
M 1 1 1 1
ar 0 1 0 1
as 1 0 1 1
N 1 0 1 0

Let N={(v1,0.3,0.4,0.6),(v2,0.4,0.5,0.1),(v3,0.9,0.6,0.4),(v4,1.0,0.2,0.1) } be a neutrosophic set on V.
Then from Equation (1) of Definition 1, we have

(N) =
(N) =

(v1,0.9,0.4,0.4), (v2,1.0,0.2,0.1), (v3,0.9,0.4,0.4), (v4,1.0,02,0.1)},
(v1,0.3,0.6,0.6), (v2,0.4,0.5,0.1), (v3,0.3,0.6,0.6), (v4,0.4,0.5,0.1)}.

Hence, SN = (S(N),S(N)) is soft rough neutrosophic set on V. Let E={013,033,024,041} CV and
L={a13,a32,a43} CA. Then a full soft set R on E (from L to E) can be defined in Table 8 as follows:



Mathematics 2018, 6, 125

11 of 37

Table 8. Full soft set R.

R 13 032 U4 V41
ais 1 0 1 1
asp 0 1 0 0
a43 1 0 0 0

Let M={(v13,0.3,0.2,0.1),(v3,0.2,0.1,0.1),(v24,0.3,0.2,0.1),(v41,0.3,0.1,0.1) } be a neutrosophic set on E
Then from Equation (2) of Definition 2, we have

(M) = {(013,0.3,0.2,0.1), (v32,0.2,0.1,0.1), (v24,0.3,0.1,0.1), (va1,0.3,0.1,0.1)},
(M) = {(013,0.3,0.2,0.1), (v3,0.2,0.1,0.1), (v24,0.3,0.2,0.1), (vas,0.2,0.1,0.1) }.
Hence, RM = (R(M), R(M)) is soft rough neutrosophic set on E. Thus, G = (S(N),R(M)) and

G = (S(N),R(M)) are LSRNAG and USRNAG, respectively, as shown in Figure 2. He;;ce, G=(GG)i

s
SRNG and it is also a soft rough neutrosophic cycle.

01(0.3,0.6,0.6)

01(0.9,0.4,0.4)

“
o < S
jie} w w
Z = =
< o ©
<%
<
=)

(9090°

Fovo

Figure 2. Soft rough neutrosophic cycle G

(G, G).

Definition 12. A soft rough neutrosophic subgraph H=(SN,RM>) of a soft rough neutrosophic graph
G=(SNy,RM,), if veH such that

Ts(ny) (0) <Ts(ny) (0), Is(ny) (0) =I5y ) (0), Fs(y) (0) = Fs vy (0),
Ts(ny) (0) =Ty (0), Iy (0) 2 5, (0), Fs vy () 2 F5 ) (0),

\Y

and UZ']'GH,

Tr(My) (Vi) <Tr(wy) (Vi) IR(My) (i) 2 IR 0y ) (Vi) Fr () (Vi) 2 FR(0y ) (0)

TRy i) TRy (@if)s IRty (07) 2 IRy (©if)s Frwy) (031 2 Fr(pay) (0if)
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Definition 13. A H=(SN,,RM,) is called soft rough neutrosophic spanning subgraph of a soft rough
neutrosophic graph G=(SNy,RMy ), if H is a soft rough neutrosophic subgraph such that

Ts(ny) (0)=Ts(ny) (V) Is(ny) () =I5, (0), Fs(ny) (0) =Fs ;) (0),
Tt (0)=Ts () (0): Ts(avyy (0) =I5 (©): Fsy) (0 =Fs (0)-
Definition 14. A soft rough neutrosophic graph is a forest if and only if each supporting approximation graph is

a forest. A soft rough neutrosophic graph G=(SN1,RM) is a soft rough neutrosophic forest if and only if there
exist a soft rough neutrosophic spanning subgraph H=(SNy,RM>) is a forest such that v;;€G—H

Tr(my) (0if) <Tconny (i, 0j), Ir(my) (Vi) >Iconny (0i,9j), Friay) (Vi) >Fconny (0i,9)),

TR(ay) (0i7) <Tconng (01, 07), Ig(ay) (0if) > Iconng (Vi 05), Friay) (Vi) >Fconng (vi,vj).-

A soft rough neutrosophic graph is a tree if and only if each supporting approximation graph is a tree.
A soft rough neutrosophic graph G=(SN1,RM ) is a soft rough neutrosophic tree if and only if there exist a soft
rough neutrosophic spanning subgraph H=(SN1,RM>) is a tree such that v;;€G—H

Trimy) (i) <Tconng (0i, 05), Ir(my) (0if) > Iconng (9i, 05), Frimy) (0if) >Fconny (vi,0)),
Tr(y) (Vi) <TconNg (Vi 0j), Tr(ay) (Vi) > IconNg (Vi 0), Fria,) (0if) >Feonng (vi, 0)).

Definition 15. Let G=(SN,RM) be a soft rough neutrosophic graph, an edge v;; is a bridge if the edge v;; is a
bridge in both supporting graph of G and G, that is the removal of v;j disconnects both the G and G. An edge v;;
is a soft rough neutrosophic bridge in a soft rough neutrosophic graph G=(SN,RM), if v},,€G
TconNg—v;; (01, 0m) <Tconng (01, 0m), TconNg—o;; (01, Um) <TconNg (v1, Um),
IconNg o, (01, vm) >IconnG (01, Vm), IcoNNg—v; (01, 0m) >1conng (01 Om),
Fconng—o; (01, 0m)>FconNg (01, 0m), FeoNNG o, (V1 Om) > Fconng (01, Om)-
Definition 16. Let G=(SN;,RM;) be a soft rough neutrosophic graph then a vertex v; in G is a
cutnode(cutvertex) if it is a cutnode in each supporting graph of G and G. That is, the deletion of v; from the

supporting graphs of G and G increase the components in the supporting graphs. A vertex v; is called soft rough
neutrosophic cutnode(cutvertex) in a soft rough neutrosophic graph if the removal of v; reduces the strength of

the connectedness from nodes vjtovkez*,V*

TeonNg -, (0j, k) <Tconng (V) U), Teonng , (0, 0k) <Tconng (v, v),
Lconng._, (vj:vk) >Iconng (v, 0k), Iconng , (07, 0k) >Iconng (v, o),
Feonng._, (vj,0k) >Feonng (0, o), Feonng ., (0),0k) >Feonng (v, vx)-

Definition 17. An edge v;; in soft rough neutrosophic graph G is called strong soft rough neutrosophic edge if

TB(M)(Uij)ZTCONNQ,vU.(virvj)/ Tr(m) (vij) =Tconng (quj)
Ir () (vif) <IconNg (0i,07) g (03f) < ICONN@W (v3,0)),

Fran) (0ij) <Econng ., (00, 9), Fron (03j) <Fconng (UI/U])
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Definition 18. An edge v;; in soft rough neutrosophic graph G is called a—strong soft rough neutrosophic
edge if

TB(M)(vij)>TCONNQ,Ui’. (vi,v7), Troy(©ij) >TCONN@Z)U (vi,v)),
Ir(m) (vif) <ICONN§_vij(Uir ), o) () < ICONNg_vi]_(Ui/ vj),

Fr(a) (0if) <Fconng o, (i, 0), Era) (0if) < FCONN@%_ (03, ;).

Definition 19. An edge vj; in soft rough neutrosophic graph G is called p—strong soft rough neutrosophic
edge if

Tr(m) (i) ZTCONNQ,%. (vi,0j), Trmy (vij) ZTCONN@U” (vi,v)),

Ir(m (vif) =lconng (vi,0)), Tgouy(03) = ICONN@%, (vi,0),

Frowmy (vij) ZFCONNQ,vi], (vi,0j), Frowy (vij) = FCONN@UU (0i,v)).

Definition 20. An edge v;; in soft rough neutrosophic graph G is called 5—strong soft rough neutrosophic
edge if

TB(M)(vij)<TCONNQ,yij (vi,v7), Treay(vij) <TCONN@% (0i,v)),
Ir(m) (vif) >Iconng o, (©i,05) , Tgmy (o) > ICONN@UU (vi,v),
Fr(m) (i) >Feonng o, (vi, ), Friuy () > FCONN@% (03, ;).

Example 5. Let V={0v1,02,03,04} be a vertex set and A={ay,az,a3,a4} a set of parameters. A relation S over
A XV can be defined in tabular form in Table 9 as follows:

Table 9. Full soft set S.

S U1 (3 U3 U4

a1 1 1 1
ar 0 1 0 1
a1 0 1 1
ag 1 0 1 0

Let N={(v1,0.3,0.4,0.6),(v2,0.4,0.5,0.1),(v3,0.9,0.6,0.4),(v4,1.0,0.2,0.1) } be a neutrosophic set on V.
Then from Equation (1) of Definition 1, we have

S(N) = {(v1,0.9,0.4,0.4), (v5,1.0,0.2,0.1), (v3,0.9,0.4,0.4), (v4,1.0,0.2,0.1) },
S(N) = {(v1,0.3,0.6,0.6), (v2,0.4,0.5,0.1), (v3,0.3,0.6,0.6), (v4,0.4,0.5,0.1) }.

Hence, SN=(S(N),S(N)) is soft rough neutrosophic set on V. Let E={v13,03,03}CV and
L={a1,a24,a34} CA. Then a full soft set R on E (from L to E) can be defined in Table 10 as follows:

Table 10. Full soft set R.
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Let M={(v13,0.3,0.2,0.0),(v32,0.3,0.0,0.1),(v43,0.3,0.2,0.1) } be a neutrosophic set on E. Then from
Equation (2) of Definition 2, we have

(M) = {(v13,0.3,0.2,0.0), (v35,0.3,0.0,0.1), (043,0.3,0.2,0.1)},
(M) = {(v13,0.3,0.2,0.1), (v32,0.3,0.0,0.1), (v43,0.3,0.2,0.1) }.

Hence, RM=(R(M),R(M)) is soft rough neutrosophic set on E. Thus, G=(S(N),R(M)) and

G=(S(N),R(M)) are LSRNAG and USRNAG, respectively, as shown in Figure 3. Hence, G = (G,G) is
SRNG and a tree. vq3 is a bridge and v3 is a cute node

1 v1(0.3,0.6,0.6) 1 v1(0.9,04,0.4)
(0.3,0.2,0.1) (0.3,0.2,0.0)
(0.3,0.0,0.1) (0.3,0.0,0.1)
05(03,06,06) _ 02(0.4,05,01)—"05(09,04,04) _ 05(1.0,0.2,0.1)
3§y (B
Y Q2 o —
RS G = (S(N).ROD) (9205 G = (S(N), R(M))
i i
m®' ol

Figure 3. Soft rough neutrosophic graph G = (G, G).

We state the following Theorems without their proofs.

Theorem 1. Let G=(SN1,RMj) be a soft rough neutrosophic graph tree. An edge v;; is the strongest edge if
vjj is an edge of its subgraph H=(SN1,RM,).

Theorem 2. If v is a common node of at least two soft rough neutrosophic bridges, then v is a soft rough
neutrosophic cutnode.

Theorem 3. If vj; is a soft rough neutrosophic bridge of G, then

TB(M)(”l’j):TCONNQ_UU(Uirvj)/ Tr(my(0ij) =Tconng (Uz,U]),
Ig () (vif) :ICONNQ,WZ.].(UI'/U]')/ I (vif) = Iconng (qu/)

Frowmy (vij) :FCONNQ,UI.], (vi,0j), Frowy (vij) = FCONN@DU (0, v)).

3. Soft Rough Neutrosophic Influence Graphs

Definition 21. A soft rough neutrosophic influence graph G on a nonempty set V is a 7-ordered tuple
(A,S,SN,R,RM,X,XQ) such that

(i) A isa set of parameters,
(ii) S is an arbitrary full soft set over V,
(iii) R is an arbitrary full soft set over EC V x V,
(iv) X is an arbitrary full soft set over I C V X E,
(v) SN=(S(N),S(N)) is a soft rough neutrosophic set on 'V,
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) and G ( (N),R(M),X(Q)) are lower and upper soft rough neutrosophic influence
LSRNIAGs) and (USRNIAGs), respectively, of G.

Example 6. Let V={v1,05,03,04,05,0¢ } be a vertex set and A={ay,a,a3,a4} a set of parameters. A full soft
set S over A x V can be defined in tabular form in Table 11 as follows:

Table 11. Full soft set S.

S U1 (23 U3 Uy U5 (0
m 1 1 1 0 0 1
ap 0 1 0 0 1 1
as 1 0 1 1 1 1
ay 1 1 1 1 1 1

Let N={(v1,1.0,0.4,0.7),(v2,0.9,0.6,0.55),(03,0.7,0.9,0.5),(04,0.6,0.5,0.6), (v5,0.65,0.8,0.65),(v5,0.8,0.7,0.8) }
be a neutrosophic set on V. Then from Equation (1) of Definition 1, we have
S(N)={(v1,1.0,0.4,0.50), (v3,0.9,0.6,0.55), (v3,1.0,0.4,0.5), (v4,1.0,0.4,0.5), (vs,0.9,0.6,0.55),

(v6,0.9,0.6,0.55)},
S(N)={ (v1,0.7,0.9,0.80), (v3,0.7,0.8,0.80), (v3,0.7,0.9,0.8), (v4,0.6,0.9,0.8), (vs, 0.65,0.8,0.8)

(v6,0.7,0.8,0.8)} .

Hence, SN=(S(N),S(N)) is soft rough neutrosophic set on V. Let E={0v13,024,032,042,052,062,} CV and
L={a13,a04,034,041 } CA. Then a full soft set R on E (from L to E) can be defined in Tnble 12 as follows:

Table 12. Full soft set R.

R V12 U4 U2 Vg2 U2 Ue2
a13 0 1 0 0 0 1
an4 0 1 0 0 1 1
a1 0 1 1 1 1
asg 1 1 1 1 1 1

Let M={(01,0.6,0.3,04),(024,0.58,0.38,0.46),(13,0.56,0.37,0.47),(01,0.54,0.34,038), (052,0.52,0.32,0.5),(062,0.5,0.4,0.45) }
be a neutrosophic set on E. Then from Equation (2) of Definition 2, we have

R(M)={(v12,0.60,0.30,0.38), (v24,0.58,0.38,0.45), (v3, 0.60,0.30,0.38), (v42, 0.60,0.30, 0.38),

(vsp,0.58,0.32,0.45), (vep, 0.58,0.38,0.45) },
R(M)={(v12,0.50,0.40,0.50), (04, 0.50,0.40,0.46), (03, 0.50,0.40,0.50), (042, 0.50,0.40,0.50),

(vs2,0.50,0.40,0.50), (vez, 0.50,0.40,0.46) }.

Hence, RM=(R(M),R(M)) is soft rough neutrosophic set on E. Thus, G=(S(N),R(M))
and  G=(S(N),R(M)) are LSRNAG and USRNAG, respectively, —as shown in
Figure 4. Hence, G=(G,G) is SRNG. Let I={0v1004,01032,01042,01052,01962,03012,03024,
U3042,03052,U3062,U4012,U4032,04U52,04062,U5012, 0527241275032105042/?50621067)12/7)6024106032106042/06052}
CV X E and P={a1a54,01034,02013,02034,02041,03024,03041,04013 } CA. Then and Q a neutrosophic set on I
and a full soft set X on I (from P to I) can be defined in Table 13, respectively as follows:
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Q={(v1024,0.42,0.3,0.38), (v1032,0.43,0.28,0.37), (v1042,0.49,0.26,0.33), (
(v1v62,0.46,0.28,0.36), (v3012,0.4,0.29,0.37), (v3024,0.45,0.24,0.36), (03042, 0.48,0.29,0.35),

(

(

, (v10s2,0.47,0.29,0.32),

)

(v30s2,0.41,0.24,0.36), (v3062, 0.42,0.26,0.34), (v4012,0.5,0.25,0.3), (v4032, 0.44,0.27,0.32),
)

)

4

— — — ~—

('04?)52, 0.45, 0.23, 0.31), (2)4”062, 0.48, 0.23, 0.38), (05012, 0.46, 0.24, 0.3 , (05024, 0.47, 0.26, 0.34 ,
(vs5032,0.4,0.3,0.36), (v5042,0.48,0.29,0.38), (v50v42,0.49,0.3,0.37), (v5v12,0.49,0.3,0.37),
(V6024,0.4,0.28,0.35), (vgv32, 0.47,0.27,0.34), (vv42, 0.46,0.29,0.33), (v6vs2, 0.49,0.3,0.32) }

Then the lower and upper soft rough neutrosophic approximation is directly calculated using Equation (3) of
Definition 4, we have

X(Q)={(0v1v24,0.49,0.26,0.32), (v1v32,0.49,0.26,0.32), (v1v42,0.49,0.26,0.32), (v1v52,0.49, 0.26,
0.32), (01062, 0.49,0.26,0.34), (03012,0.5,0.23,0.3), (03024, 0.49,0.23,0.34), (v304, 0.5,
0.23,0.3), (03052, 0.5,0.23,0.3), (03062, 0.49,0.23,0.3), (v4012,0.5,0.23,0.38), (v4032,
0.5,0.23,0.3), (04052, 0.49,0.23,0.31), (04062, 0.49,0.23,0.34), (vsv12,0.49,0.24,0.3),

(v5024,0.49,0.26,0.34), (vsv32,0.49,0.24,0.3), (v5042,0.49,0.24,0.3), (v5062, 0.49, 0.26,
0.34), (06v12,0.49,0.26,0.32), (06024, 0.49,0.26,0.34), (v6v32, 0.49,0.24,0.3), (vev42, 0.49,
0.26,0.33), (vevs2,0.49,0.26,0.32) };

X(Q)={(v1024,0.4,0.3,0.38), (v1032,0.4,0.3,0.38), (v1042,0.46,0.3,0.37), (01052, 0.46,0.3,0.37),
(v1062,0.46,0.3,0.37), (v3012,0.4,0.3,0.38), (v3024,0.4,0.3,0.38), (v3042,0.4,0.3,0.38),
(v30s2,0.4,0.3,0.38), (v3062,0.4,0.3,0.38), (v4012,0.4,0.3,0.38), (v4032,0.4,0.3,0.38),
(v4vs,0.4,0.3,0.38), (v4vg2,0.4,0.3,0.38), (v5012,0.4,0.3,0.38), (v5v4,0.4,0.3,0.37),

( (
)

—~ o~

—~~
o~ o~

05032, 0.4, 0.3, 0.38), U504, 0.4, 0.3, 0.38), 05062, 0.4, 0.3, 0.37), 06012, 0.46, 0.3, 0.37),
(06"024, 0.4,0.3, 0.37), (’062)32, 0.4,0.3, 0.38), (06’042, 0.46,0.3,0.37), ('06’052, 0.46,0.3, 0.37) }

Thus, G=(S(N),R(M),X(Q)) and G=(S(N),R(M),X(Q)) are LSRNIAG and USRNIAG, respectively,

as shown in Figures 5 and 6. Hence, G=(G,G) is SRNIG.

01(0.7,0.9,0.8)

0610.7,0.8,0.8) :
T (0,46,0.03,0.38) .0

Figure 5. Lower Soft rough neutrosophic graph G = (

19
z
i
=
e
S
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v1(1.0,0.4,0.7)

. :'3‘)9)

5032)

.......

....................................

(£:0°62°0°¢0)

Figure 6. Upper Soft rough neutrosophic graph G = (S(N), R(M), X(Q)).

of a soft rough

Definition 22. An underlying influence graph(supporting influence graph) G*=(G*,G")
E 1), where

neutrosophic influence graph G=(G,G) is of the form G*=(V* E* I*) and G=VE]
V*=Lower Vertex Set={v € V|Tg(n)(v) # 0, Isn)(v) # 0, Fg(n)(v) # 0},
V" =Upper Vertex Set={v € V[T (0) # 0, Is ) (0) # 0, Fgy (v) # 0},
E* =Lower Edge Set :{vij € ElTB(M) (Uij) # 0, IB( (Z)l‘]‘) #0, FR (Ul']') # 0},
E' =Upper Edge Set ={v;; € E’TB(M) vij) # 0, Ir(m (0if) # 0, Frowy (vif) # 0},
I" =Lower Influence ={v;vj € I|Tx(q)(vivir) # 0, Ix(0)(vivir) # 0, Fx() (vivjr) # 0},
" =Upper Influence ={vivy € I|TY( (vivj) # 0, Iy (v o) # 0, Fx Q)(v vjk) # 0}.
Definition 23. If v;;€E* (E¥), then vjj is a lower edge (upper edge) of the soft rough neutrosophic influence

graph. If vioj€l” (T"), then v;Vj is lower pairs (upper pair). If v]-keﬁ*(f*) and v;vj, is not lower pairs
(upper pairs), then it is a lower non-influence edge (upper non-influence edge).

Definition 24. A soft rough neutrosophic influence graph has a walk if each approximation graph has an
alternative sequence of the form

. ./ . ./
00,10,€0,20,91," " s On—1,n—1,€n—-1,1,_1,On

such that
v € V', ex € EY, iy, ip €17,

Uy € V*, e € E*, ik/i]/c S T*
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where iy=(veuv), ex=uv, i;=(vwvyq) and Vk=0,1,2,- - - ,n—1. If vg = vy, then it is called closed. If the
pairs are distinct, then it is called a soft rough neutrosophic influence trail (SRNI trail). If the edges are distinct,
then it is called a soft rough neutrosophic trail (SRN trail). If the vertices are distinct in SRN trail, then it is
called a soft rough neutrosophic path (SRN path). If the vertices, edge and pairs are distinct in a walk of SRNIG,
then it is called a soft rough neutrosophic influence path (SRNI path). A path is a trail and an influence trail.
If a path in a soft rough neutrosophic influence graph is closed, then it is called a cycle.

Definition 25. A strength of soft rough neutrosophic influence graph, denoted by stren, is defined as

sten=(( A\ Taan @) A C A Trgu @), (V Tagan ()

vj EE” 0 €E vk €E*
(V Ixkan@i), (V' Frany (@) vV (Y FR(M)(Ujk))>-
'U/‘kGE* v]'kegﬁ.< U/‘kGE*

An influence strength of soft rough neutrosophic influence graph, denoted by In stren, is defined as

In stren—= ( /\ TX(Q)(vivjk)/\ /\ TY(Q)(Uink))/( \/ IK(M)(UI'Z)]‘]()\/

vivjREl” vjoR€l’ (vivp)el”
V' Iz @), (V- Fran (o) vV %<M>(0ivfk))>-
U[Z)]'kET* Uivjkel* ‘U,"UjkEE*

Definition 26. In a soft rough neutrosophic influence graph G, if in each approximation graph
CONNQ(UZ', Uk) = Eoo (UZ', Uk) = Vg {E‘X(Z)i, Uk) }, CONNG(ZJI', Z)k) = EOO(ZJI', Z)k) = Vg {E’X(Ui, Z)k)}.

where
a—1 =

E*(v;,v) = (E* 1 0 E)(v;, 0x), E'(v;,0¢) = (' oE)(v;,0%),

and

(EOE)(Uz‘/Uk)I( V' (Trowy (i) A Troy (@), A\ (Treany (23) V Treany (05)),
v;EV” v;EV”

N (Frwy (vif) v FB(M)(Ujk))>f
vjey*

(EOE)(Ui/Uk):( V' (Tron @) A Trony @3)), A Uiy (©3f) V Ty (076)),
v]-ev* vjev*

Thus it is the strength of strongest path from v; to vy in G.
In a soft rough neutrosophic influence graph G, if in each approximation graph

ICONNG (v, vg) = 1™ (v;, 0) = Va{I*(0;,0¢) }, ICONNg(v;,0¢) =T° (05, 0¢) = Va{I' (v;, 1) }-

where
a—1 =

(0, 06) = (I o D) (v, 0¢), T (05, 00) = (I o D) (w3, 05),
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and

(IOD(Uz’rvk):( V' (Tx0) (©ivim) A Tx) (Wmvp), N\ Ux(g) (©ivim) V Ix(g) (omvpk)),

omEV* o€V

A (Fx(q) (@) V Ex(o) (omop)) ).
Um EX*

(IOI)(Uirvk):( V' (Txg) (@ivim) A Txg)(mop)), N\ () (@itim) V Ix(g) (0mvpr)),

oV’ omeV’

A (Fxig)(@iom) V Fxg) (0nopi)) )

omeV”

Thus it is the strength of strongest path from v; to vy in G.

Definition 27. A SRNIG is called connected if each two vertex v; and vy are joined by a SRN (SRNI) path.
Maximal connected partial subgraphs in each approximation subgraph are called component.

Definition 28. A soft rough neutrosophic influence graph is a cycle if and only if the underlying graphs of each
approximation is a cycle. A soft rough neutrosophic influence graph is a soft rough neutrosophic cycle if and only
if the underlying graphs of each approximations is a cycle and there exist vlm,vijeﬁ*,vlm,vijef* and v}, #0jj,
such that

B(M)(Uij):< /\ TB(M)(vlm)/ \/ IB(M)(UIm)r \/ FB(M)(vlm)),

om €E* —vj; 01 €E" —vj o1 €E" ;5
RM@)=( A Tran@m)h Vo)V Fran©m))-
?}],,,EE*—’UI']' Z)lmGE*—v,‘j 'I)ZHZGE*—U,‘]'

A soft rough neutrosophic influence graph is a soft rough neutrosophic influence cycle if and only if
the graphs is soft rough neutrosophic cycle and there exist v;Vyy, vV €L *,vlvmn,vivjk el and vlvmn#vivjk,
such that

xQ@o=( A Txg@om), VNV Ixg@om), V  Fxg(@om)),

V10mn El* 72),"Ujk V1Umn EI* 721,'2],'1( V10mn 61* 7’(],"Ujk
X(Q)(Uivjk):( /\ TY(Q) (Ulvmn>/ \/ IY(Q)<UlUmn)r \/ FX(Q)(UlUmn))
v;vmnef*—vivjk v,vmnef*—viv]-k V1 0mn GI*—vivjk

Example 7. Considering Example 4.  Let I={v103,01024,02013,03024,03041,04013,04032 } CV and
P={aya3y,a2a43,a4013y C A. Then a full soft set X on I (from P to I) can be defined in Table 14 as follows:

Table 14. Full soft set X.

X 01032 U1024 02013 03024 V3041 04013 04032
a1a3p 1 0 0 0 0 0 1

trag; 0 0 1 0 0 1 0
azaz 0 1 0 1 1 0 0
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Let Q={(01932,0.2,0.1,0.0),(01024,0.1,0.0,0.1),(v2013,0.2,0.1,0.0), (v3024,0.2,0.1,0.0), (v4v13,0.1,0.1,0.0),
(v4v32,0.0,0.1,0.0) } be a neutrosophic set on 1. Then from Equation (3) of Definition 4, we have

X(Q):{(Uﬂ)gz, 0.2,0.1, 0.0), ("01’024, 0.1, 0.0, 0.0), (’02’013, 0.2,0.1, 0.0), ("031)24, 0.1, 0.0, 0.0),

(v3041,0.1,0.0,0.0), (v4013,0.1,0.1,0.0), (v403,0.2,0.1,0.0) },
X(Q)={(v1032,0.0,0.1,0.0), (v1054,0.1,0.1,0.1), (05013,0.1,0.1,0.1), (v3024,0.0,0.1,0.1),

(03'041, 0.1, 0.1, 0.1), (04013, 0.1, 0.1, 0.1), (04032, 0.0, 0.1, 0.0) }

Thus, G = (S(N),R(M),X(Q)) and G = (S(N),R(M),X(Q)) are LSRNIAG and USRNIAG,
respectively, as shown in Figure 7. Hence, G = (G, G) is SRNIG. The underlying graph G*=(G*,G") such that
G*=(V*E"I*), G =(V E I") where V:=V=V", E*=E=E" and I"=I=1". v13,03,024,041 are the lower
edge and upper edge and v1v3p,0403 is a lower pair and upper pair. vyv4 is both lower and upper non-influence
edge. P(vq,vy) is a path of the sequence of the form vq,01024,024,02013,03,03041,041,01032,02,02013,03024, V4.
By direct calculations, the strength and influence strength of this path are (0.2,0.2,0.1) and (0.0,0.1,0.1),
respectively. G is cycle, soft rough neutrosophic cycle and soft rough neutrosophic influence cycle.

01(0.3,0.6,0.6)

01(0.9,0.4,0.4)

= “

e. S < <
! = o =8
= o o =

= w =} <

= o = I~

= (=) = e~
= - G -

o e

=2 IS

= Navd

v2(0.4,8.5,0.1)

2(1.0,8.2,0.1)

Figure 7. Soft rough neutrosophic influence graph G = (G, G).

Definition 29. A soft rough neutrosophic influence subgraph H=(SNy,RM»,XQ;) of a soft rough
neutrosophic influence graph G=(SN1,RM1,XQ1), if ve H such that

Ts(ny) () <Tsny) (V) Is(ny) () 2 Is(ny) (0), Fsy) (0) = Fs vy (0),
Ts(ny) (0) < Ty (0): sy (0) 2 Iy (), Es gy () 25 vy (),
Ul'jEH,

TR(My) (Vi) TR (wy) (Vi) IR (My) (Vi) 2 IR (ay) (937), FR(ay) (03) 2 FR(0ty) (035),
Tr(ay) (0if) < Tr(wy) (i) o) (9) 2 Iy (i), Fraay) (037) 2 Frgany) (937),
and v;vr€H,

Tx(Qy) (vivje) <Tx(q,) (0ivji). Ix(q,) (vivje) 2 Ix(q,) (vivjK). Fx(q,) (vij) 2Fx(q,) (vivjk),
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Tx(Qy) (0i0jK) < Tx(0,) (00jk), Tx(y) (Vivjk) 2 Iy (Vi) Fx(q,) (i) 2 Fx(q, ) (0ivjk)-

Definition 30. A H=(SN,,RMjy,XQ>) is called soft rough neutrosophic influence spanning subgraph of a soft
rough neutrosophic influence graph G=(SN1,RM1,XQ), if H is a soft rough neutrosophic influence subgraph
such that

Ts(ny) (0)=Ts(ny) (V) Is(ny) (0)=Is(a;) (0), Fs(ny) (0) =Fs ) (0),

Tstn) (0)=Ts () (@) Ty (0)=Ts(n) (©): Fo gy (0)=Fsvy (0)-
Definition 31. A soft rough neutrosophic influence graph is a forest if and only if each supporting approximation
graph is a forest. A soft rough neutrosophic influence graph G=(SN1,RM1,X Q1) is a soft rough neutrosophic

forest if and only if there exist a soft rough neutrosophic spanning subgraph H=(SN,RM,XQ;) is a forest
such that v;€G—H

Tr(my) (0i7) <Tconny (Vi 0)), Ir(wmy) (03) > Iconny (0, 05), Friw) (0i) >Fconny (vi,07),
Tr(ay) (0i7) <Tconng (0i,0j), Tz, (Vi) > Iconng (01, 07), Fripy) (0i7) >Feonng (vi )).
A soft rough neutrosophic influence graph G=(SN1,RM1,X Q1) is a soft rough neutrosophic influence

forest if and only if there exist a soft rough neutrosophic spanning subgraph H=(SNy,RMy,XQ>) is a forest
such that v;veG—H

Tx (@) (vivjk) <Ticonny (Vi 0), Tx(q,) (vivj) <Ticonng (vi, oK),

T
Ix(@,) (vivjc) >liconny (Vi 0), Tx(g,)(0ivjk) >Iiconng (Vi vk),

—

Fx(q,) (0ivjk) >Frconny (01, k), Fg(g,) (©ivjk) >Ficonng (vi, vk)-

Definition 32. A soft rough neutrosophic influence graph is a tree if and only if each supporting approximation
graph is a tree. A soft rough neutrosophic influence graph G=(SN1,RM1,X Q1) is a soft rough neutrosophic tree
if and only if there exist a soft rough neutrosophic spanning subgraph H=(SNy,RM3,XQy) is a tree such that
Z)Z‘]‘GG—H

Tr(my) (Vi) <Tconny (03, 9)), Ir(my) (Vi) > Iconny (03, 9), Frowmy) (i) >Fconng (9, 9j),
Tr(my) (i) <Tconng (0i, ), ey (Vif) >Iconng (03, 07), Friay) (0if) >Feonng (vi,v)-

A soft rough neutrosophic influence graph G=(SN1,RM1,X Q1 ) is a soft rough neutrosophic influence tree
if and only if there exist a soft rough neutrosophic spanning subgraph H=(SN,RM1,XQy) is a tree such that
ViVjk eG—-H

Tx(q) (vivjk) <Ticonny (vi, k), Tx(q,) (0ivjk) <Ticonng (i, k),
Ix(q,) (vivje) >Iiconng (i, V), Ixg,)(0ivjc) >Iiconng (Vi 0k),
Fx(qy) (0ivjk) >Ficonny (Vi vk), Fx(q,) (0ivj) >Ficonng (v, vk).-
Definition 33. Let G=(SN,RM,XQ) be a soft rough neutrosophic influence graph, an edge v;; is a bridge if

edge vjj is a bridge in both underlying graphs of G and G. Let G=(SN,RM,XQ) be a soft rough neutrosophic
influence graph, an edge v;; is a soft rough neutrosophic bridge if v}, €G
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ICONNc,vI,j(Ulrvm)<1CONNG(Ulrvm)r ICONNCWH(Ulrvm)<1CONNC(Ulrvm)/

e e} i

ICONNG_vl,j(Ul/Um) >Iconng (01, 0m), Iconng , (01, 0m) >Iconng (01, Om),
G e} i

Fconng. .. (91, 9m) >Fconng (91, 9m), Fconn. (01, 0m) >Fconn.. (1, 0m),
G—vjj G G 0] G

Let G=(SN,RM,XQ) be a soft rough neutrosophic influence graph, an edge v;; is an soft rough
neutrosophic influence bridge if v, €G

T1cONNg v, (01, vm) <TiconNg (01, ¥m), Ticonng (v1,9m) <TicoNNg (01, Om),
IICONNG,DU. (01, 0m) >I1coNNg (01, 9m), ;liconNs_, (01, 9m) >Iiconng (01, Um),
d d ;

Frconng_, (01, 9m) >Ficonng (v1,9m), Ficonn- . (01, 9m) >Frconn- (01, Um),
&—vj G G vl] G

Definition 34. Let G=(SN,RM,XQ) be a soft rough neutrosophic influence graph, a vertex is a cutnode if a
vertex v; is a cutnode in underlying graphs of G and G. Let G=(SN,RM,XQ) be a soft rough neutrosophic
influence graph then a vertex v; in G is a soft rough neutrosophic cutnode if the deletion of v; from G reduces the
strength of the connectedness from nodes v;—vy ev: V'

TcoNNg o, (9, 0k) <Tconng (v), Vk), Teonng ., (v, ok) <Tconng (0, vk),
Iconng ., (vj,vk) >Iconng (v), k), Ieonng (v, 0%) >Iconng (0], vk),

Feonng.,, (vj, 0k) >Feonng (v, k)., Feonng (vj, vx) >Fconng (), Uk)-

Let G=(SN,RM,XQ) be a soft rough neutrosophic influence graph then a vertex v; in G is an neutrosophic
influence cutnode if the deletion of v; from G reduces the influence strength of the connectedness from

vj—wkey*,v*

TiconNg_, (0, o) <Ticonng (0, o), Ticonns ., (v, vk) <Ticonng (v, o),

Ticonng.,, (vj:9k) >T1iconng (05, Vk), IICONN@UI, (v, ) >I1conng (0), Vk),

Ficonng_,, (vj, ) >Ficonng (0), k), FICONN@W (v, 0%) >Ficonng (v), 0k ),
Definition 35. Let G=(SN,RM,XQ) be a soft rough neutrosophic influence graph. A pair v;vj is called a
cutpair if and only if v;vji is a cutpair in both supporting influence graph of G and G. That is after removing the
pair v;vj there is no path from v; to vy in both supporting influence graph of G and G. Let G=(SN,RM,XQ)
be a soft rough neutrosophic influence graph. A pair v;vj is called a soft rough neutrosophic cutpair if and
only if if deleting the pair v;vj. reduces the connectedness from v; to vy in both graph G and G. That is,

TCONNg 40 (01, 0¢) <Tconng (v, 0k), Ticonns , , (virOk) <Ticonng (vi, vk),
G o o
IcoNNg 4, (01 0k) >IconNg (vir V) licong ., (i, 0k) >Iiconng (vi, Ok),

FCONNQ,vivjk (vi, k) >Fconng (i, Uk), FICONN@WW (vi, vk) >Frconng (vi, vk),
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A soft rough neutrosophic influence cutpair v;vj is a pair in a soft rough neutrosophic influence graph
G=(SN,RM,XQ) if there is spanning influence subgraph H = G — v;jvji reduces the strength of the influence
connectedness from v; to vy. That is,

TICONNG,,,.Z,jk (vi, o) <Ticonng (Vi, Ok), TICONN@v_v,k (vi, vk) <Trconng (vi, vk),
G—0; = iYj
T1cONNG o0, (vi, o) >Irconng (Vi Ok), Iiconng . (vi, o) >Irconng (Vi Ok),
G, G i,
FICONNg (Vi V) >Frconng (i, 9k), Ficonng (Vi 0k) >Ficonng (vi o),
G, G o,
Definition 36. An edge v;; in soft rough neutrosophic influence graph G is called strong soft rough neutrosophic
edge if
Tr(m) (©ij) 2Tconng o, (Vi 9j), Tru (0i) 2 TCONN@%_ (vi,0j),
TR (917) <leonng o, (0ir0j) - Troa) (¥3)) < lconng_, (91 9j),
Frowmy (vif) SFCONNQ,UZ.], (vi,0j), Friw (vif) < FCQNN@% (vi, vj).
A pair v;vjy in soft rough neutrosophic influence graph G is called strong pair if
Tx(Q) (vivjk) ZTICONNG 0 (vi,v1), Txo)(vivjk) =Ticonng ., (vi, vk),
=279 Y
Ix(g) (vivjk) SIICONNg,vivjk(Uirvk>/ Iz (o) (vivje) < IICONN@Uiv]_k (i, vk),
Fx(q)(vivjk) <FICONNG o0, (vi,vk), Fgg) (0ivjk) < FICONN@UI,% (i, vk)-

Definition 37. An edge vj; in soft rough neutrosophic influence graph G is called a—strong soft rough
neutrosophic edge if

TB(M)(”ij)>TCONN§_vU (vi,9j), Trmy (vij) >TCONN§_Uij (vi,v)),
Ir(m) (vif) <IconNg ., (vi,05), Trouy (05) < ICONN@UU (vi,0),

Fr(w) (i) <Fconng_.,, (vi,0j), Frou) (vij) <Fconng._, (21))-
A pair vjvjy in soft rough neutrosophic influence graph G is called a—strong pair if
Tx(q) (vivjK)> TICONNG -0 (vi, o), Tx(g)(vivj) >T1CONN@Uivjk (i, vk),
Ix(q)(vivj) <11CONNg,vi,,jk(vi, v) ., Ix(g)(vivi) < IICONN@UW (i, vk),
X(Q)\Vi¥jk) <FICONNgG_y..,, \Vis k), Fx iUjk ICONNg_, Vi, Uk)-
Fx(g)(vivjx) <F. S llk(v Ug) F(Q)(vv ) <F - vzv]k(v V)
Definition 38. An edge v;; in soft rough neutrosophic influence graph G is called p—strong soft rough
neutrosophic edge if
Tr(m) (vij) :TCONNQ,HU (vi,97), Treay(vij) =TCONN@% (vi,v}),
Ir(m) (vif) =Iconng ., (0i,07) Iy (0i) = ICONNa_vi], (v3,0)),

Fr(a) (vij) =Fconng ., (i, 01), Era (0i) :FCONN@% (03, ;).
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A pair v;vjy in soft rough neutrosophic influence graph G is called p—strong pair if

Tx(g) (vivjk) :TICONNQ,U,_Ujk (vi,vk),

Ix()(vivj) =LICONNG 40, (vi, o), Ix(g)(

%(0) (vivjk) = Iiconng
FX(Q) (Uivjk) :FICONNg,vivjk (vi,vk), FX(Q) (v;v;

Tx(0)(vivjK) =TICONNG 5, (vi, 0%),

. (vi, oK),

=FicoNNg ., (vi, 0)-

Definition 39. An edge vj; in soft rough neutrosophic influence graph G is called 6—strong soft rough

neutrosophic edge if

Tr(m) (Uij)<TCONNQ,vU (vi,9j), Trowmy (Vi) <Tconng.

o

Ir(a) (035) >Iconng -, (03 01)

Fromy (vif) >Feonng (vi,0j), Frw (vif) >Fconng

() (i) > Iconng

v (vi/ Uj)/
v (’01', Z)]'),

oy (P2

A pair v;vji in soft rough neutrosophic influence graph G is called 6—strong pair if

Tx(0) (212 <TICONNG oy, (i ),
Ix(g)(vivjk) >IICONNg,vivjk (vi, o),

Fx(q) (vivjk) >FICONNQ,UZ.vjk (vi, vk),

Tx(0)(vivjk) <Ticonng

Ix()(vivjk) > Iiconng

. (vi, oK),

- (vi, vk),

Fyg) (vivj) > Ficonng_,,, (03, 01)-

Definition 40. A —strong soft rough neutrosophic edge v;; is called a 5* —strong soft rough neutrosophic

edge if
vl] /\ TR vlm) vl]
Z)[mEE
oy (@) < N\ Trawy (Om), Treany (037) <
ZilmEE*
@) < A\ Frowy (i), Frow (037) <
UlmGE

A b—strong pair v;vjy is called a 6* —strong pair if

R(M) vl] /\ TR Ulm TR( M) vl]
’Ul,,,GE

Trowy (©3) < N TRy (0im), Ty (03) <
'Ulme}y<

Fray (@) <\ Frowy (0mm), Frow (03) <
'UlmEE

/\ T vlm

Oim EE

/\ I Ulm
U[,,,GE

/\ Fromy (V1m)-
Oim EE*

/\ TR(M)(vlm)

UlmEE
/\ I R(M) Ulm)
UlmGE
/\ P vlm
Z)ImGE

A b—strong pair v;vjy is called a 6* —strong pair if V;VKFVVmn

A Tx

VO €L

Ix(g) (@) < /\

V1O €L

AR

V10mn el*

Tx(q) (vivjK)>
x(Q) (V1¥mn), Ix

FX(Q) (vivjk) < Ulvmn)/

0 (@) < A\

Fx (o) (wivj) <

vomn), Txig)(@iv)> N\ Tx(g)(01omn),

T
V1Umpn €1

IY(Q) (vlvmn)/

V1Umn el

N Fro)l

VyOmn €IF

V1 0mn)-
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Definition 41. A soft rough neutrosophic influence graph is said to be a soft rough neutrosophic influence block
if it has no soft rough neutrosophic influence cutnodes.

Example 8. Consider Example 5 Let I={0v1037,01043,02013,03032,04013 } CV and P={a1a34,a304,a4a15 } C A.
Then a full soft set X on I (from P to I) can be defined in Table 15 as follows:

Table 15. Full soft set X.

X  vivsz 1043 V2013 U3U32 U013
a1a34 0 1 1 0 1
aszang 0 1 0 0 0
asanp 1 0 0 1 0

Let Q:{(2)"032,0.3,0.0,0.0),('0'043,0.2,0.0,0.0),(’02013,0.1,0.0,0.0),(03032,0.2,0.0,0.0),(224013,0.3,0.0,0.0}
be a neutrosophic set on 1. Then from Equation (3) of Definition 4, we have

X(Q)={(v103,0.3,0.0,0.0), (v1v43,0.2,0.0,0.0), (v5v13,0.3,0.0,0.0), (v3032,0.3,0.0,0.0),

(04?)13, 0.3,0.0,0.0) },
X(Q):{(Ulv’jz, 0.2,0.0, 0.0), (01043, 0.2, 0.0, 0.0), (’022}13, 0.1,0.0, 0.0), (7)32)32, 0.2, 0.0, 0.0),

(04013, 01, 00, 00) }
Thus, G=(S(N),R(M),X(Q)) and G=(S(N),R(M),X(Q)) are LSRNIAG and USRNIAG, respectively,

as shown in Figure 8. Hence, G:(é,g) is SRNIG. Hence G is a tree, v3 is a cutvertex, vi3 is a bridge,
V303 1S 4 cutpair.
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Figure 8. Soft rough neutrosophic influence graph G = (G, G).
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Theorem 4. G is a soft rough neutrosophic influence forest if and only if in any cycle of G, there is a pair v;vj
such that

Tx(q) (vivjK) < TICONNG -0, (vi,vk), Tx()(vivjk) <TICONN@DW (i, vk),
Ix () (vivj) >IICONNQ,vi,,jk(Ui, o), Ix(g)(vivj) > IICONN@,,Z_W (vi, vk),

Fx () (vivjk) >FICONNG o0, (vi, o), Fy(g)(oivje) > FICONN@vl_vjk (01, 0k).-
Proof. The proof is obvious. [J

Theorem 5. A soft rough neutrosophic graph G is a soft rough neutrosophic influence forest if there is at most
one path with the most influence strength.

Proof. Let G be not a soft rough neutrosophic influence forest. Then by Theorem 4, there exist a cycle
C in G such that

Tx(q) (vivjK) = TICONNG -0, (vi,v1), Tx(o)(vivjk) ZTICONNC_vink (vi, vk),
Ix(Q) (¥itj) <I1coNNg 0, (Vir V) Tx(g) (Vitjk) < IICONN@Uiv]_k(Ui, k),

Fx(q)(vivjk) SFICONNG o0, (vi,vk), Fgg) (0ivj) < FICONN@UZ,% (i, vk),

for every pair v;vj of C.
Therefore, v;vj is the path within the most influence strength from v; to vy. Let v;vj be a pair
such that

TX(Q)(vivjk)> /\ TX(Q)(UIUWVI)/ TY(Q)(Z)Z'U]‘]{)> /\ TY(Q)(Uﬂ)mn),

VU €1F V1 Vmn ET*

IX(Q) (UiZJ]'k) < /\ IX(Q)(Z)I’UMH)/ IY(Q) (’()Z‘U]'k) < /\ IY(Q) (Ulvmn),

VU €L V10 €L

Fx(o)(@ivi) <\ Fx(Q)(®1omn), Fgig) (i) <\ Fx(g)(@romn),

U1Umn El* V1 Omn El*

in C. Then remaining part of C is a path with the most influence strength from v; to vj. This is a
contradiction to the the fact there is at most one path with the most influence strength. Hence, G is a
soft rough neutrosophic influence forest. [J

Theorem 6. Assume that G is a cycle. Then G is not a soft rough neutrosophic influence tree if and only if
G is a soft rough neutrosophic influence cycle.

Proof. Let G=(SN,RM,XQ1) be a soft rough neutrosophic influence cycle. Then there exist at least
two distinct edge and two distinct pair such that
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R(M)(o5) =( Teony @) N Tron@a) N Fron @m))s
'U[mGE*flJ,'j UImGE*fvij UlmEE*f’Ui]'
R(M)(Uz]) :( TR(M)(Ulm)/ \/ IF(]\/[)(UZm)/ \/ FT{(M)(Ulm))
v,mei*fv,vj Ulmei*fvi]' UlmEE*f’Ui]'
XQEo=( A Txg@om) NV Ixg@om), NV Fxo@om),
Ulvmnel**vivjk Ulvmnel**vivjk Ulvmnel**v[vjk
X(Q)(Uzvjk):( /\ TY(Q)(UlUmn), \/ IY(Q)(UlUmn>/ \/ FX(Q)(Ulvmn))

VOl —0jVji V0l —0vjk VO €l —0;Vji

Let H=(SN,RM,XQ;) be a spanning soft rough neutrosophic influence tree in G. Then there
exists a path from v; to v not involving v;v; such that E{ —E5={(v;vj;) }. Hence there does not exist a
path in H from v; to vy such that

Tx(q,) (vivjK) <Ticonng (Vi vk), Tx(q,) (0ivjk) <Ticonng (i, vk),
Ix(,) (vivj) 2 Iiconng (Vi vk) Iz, (vivjK) = Iiconng (Vi oK),
Fx(@,) (0ivjk) 2 Frconng (vi, vk), Fx(q,) (ivj) = Frconng (vi, vk)-

Thus G is not a soft rough neutrosophic influence tree.

Conversely, suppose that G is not a soft rough neutrosophic influence tree. Since, G is a soft
rough neutrosophic influence cycle. So for all v;v;€I" and v;vj €l’, we have a soft rough neutrosophic
spanning influence subrgraph H=(SN,RM,XQ,) which is tree and X(Q2)(v;vjx)=0, X(Q2)(v;vjx)=0
such that Vv,;0;,,, # 0;0mn

Tx (@) (vivj) <Ticonny (Vi, k), Tx(q,)(0ivj) <Ticonng (i, k),
Ix(y) (0ivjk) Zliconng (Vi vk) Iz (,)(0ivjk) = Iiconng (i k),

Fx(q,) (vivjK) 2Frconng (Vi k), Fx(q,)(0i0jk) = Ficonng (0i, Vk),

=x
YU 0mn € I — ViUjk and v;vy, €1 — ViUjk

Txo)@vi)= A Tx(o)(@wmn), Ty @)= N Txq,) (010m),

V1O €1F O10mn el
@ @)= N Ixion@omn), Txgy @) = N\ Ix(g,)(@10m),
vlv,,,,,el* V10mn err
FX(Qz)(vivﬂC): /\ FX(Ql)(vlvm”)’ ILX(QZ)(vivjk): /\ %(Q])(Ulvmn).
V1 Umn er* U1Umn err
Therefore,
xQ@o=( A Txg@om) VNV Ixg@om), V  Fxg(oom)),
V1 Umn el*fv,vvjk V1Umn 61*70;0]';( 0O €1 —UiVjk
Y(Q)(vivjk):( /\ TY(Q) (19mn), \/ IY(Q)@lvmn)r \/ FX(Q)(UlUmn)>-
vlvmnef*—v,-vjk v,vmnef*—viv]—k U1 0mn ET*—vivjk

where v;0jx # V]V, not uniquely. Therefore G is a soft rough neutrosophic influence cycle. [
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Theorem 7. If

Tx(Q) (Uiv]'k) > TICONNQ*U,vv]-k ("Ui, Uk), TY(Q) ("Uﬂ)]'k) >TICONN67vivjk (ZJZ', Uk),
Ix () (vivjr) <IICONNQ,viv].k (vi,vk), g (vivjk) < IICONN@vink (i, vk),

Fx (@) (vivjk) <FICONNG o0, (vi,vk), Fgg (0ivjK) < FICONN@%_}{ (vi, vk),
in a soft rough neutrosophic graph. Then v;vjy is a cutpair in soft rough neutrosophic influence graph G.

Proof. Suppose v;vj is not a cutapir in soft rough neutrosophic influence graph, then

TICONNg-y, 4, (Vi 0k)=Ticonng (Vi) vk), Ticonng . (vi, vk)=TicoNNg (V10mn),
TicoNNg ., (Vir0k) =l1coNNg (vir 0k), Trconng._, o (i, 0k) =liconNg (V10mn),
G G y

FicoNNg ., (91 k) =Ficonng (01, vk), Frconng ., (vi, vk) =FicoNNg (010mn).

Since,

Tx (@) (vi, o) <Ticonng (vi, o), Tx () (0i vk) <TiconNg (010mn),

T
Ix (@) (vi, o) ZIiconNg (Vi  Vk), Ixg) (0is k) ZlicoNNg (V10mn),

—~

Fx (@) (vi, vk) ZFiconng (vi, k), Fg(q) (i 0k) 2 Ficonng (010mn)-
Therefore,
TICONNg g, (01 %) 2T () (i 0k), Ticonng , , (vir V%) 2Tx ) (03 0k)),
LicoNNg 4, (Vir Vk) SIx(0) (Vi vk), Ticonng ., , (virOk) SIx(g) (Vi o)),
FICONNG 4,0, (Vi O%) SFx(0) (03 0k), Ficonng , , (Vi 0k) <Fxg) (01, 01)),
which is a contradiction. Hence, it is proved. O

Theorem 8. If

Tx(0) (0i0k)>Tx(g) (01omn), Tx(g)(vivjk) >Tx(q)(010mn),
Ix () (vivje) <Ix(g)(vomn) , Ix(g)(vivjk) < Ix(g)(v1omn),
Fx(0)(vivj) <Fx(Q)(v1omn), Fx(q)(vivj) <Fx(q)(vrvmn),

for some vivj among all cycles in soft rough neutrosophic influence graph G. Then
Tx(Q) (vivjk) >TICONNG -0 (vi,vk), Tx()(vivjk) >TICONN@vivjk (i, vk),
Ix () (vivj) <l1cONNg 1,0, (i, o), Ix(g) (vivjK) < IICONN@vivjk (i, vk),

Fx(q)(vivjk) <FICONNG_o,0, (vi,vk), Fgg)(vivjK) < FICONN@viv],k (vi, Ok).-
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Proof. Since

TICONNG 40, (i) 2 Ticonng (Vivjk), Ticonng . (Vitje)=Ticonng (vitj)),
G G i
l1cONNG 1,0, (vvjx) <Iiconng (Vivjk), IICONN@vink (vivik) <Iiconng ((0ivjk)),

FICONNG,.U.U],k (v;vjk) <Ficonng (vivjk), FICONN@v,v_k (vivjk) <Ficonng ((vivjk))-
=70 = Y
Therefore, there exists a path from v; to v not involving (v;vj) such that

TICONNG 40, (i) 2 Tx () (V). TICONNG 5, (vivjk) > Tx o) ((vivjK)),

IICONNQ,vivjk (vivj) <Ix()(vivjK), IICONN@vink (vivje) <Ix(g)((vivjK)),

FICONNQ,vivjk (vivjr) <Fx() (vivjk), FICONN@viv]_k (vivje) <Fx()((vivjK)),
This along with v;vj is a cycle and v;vj is least value. [

Theorem 9. If v;vj is a soft rough neutrosophic influence cutpair in soft rough neutrosophic influence
graph G. Then

Tx(0) (vivjk)>Tx(g) (v1omn), Tx(g)(vivjk) >Tx(g)(v10mn),

Ix(@) (vivje) <Ix(q)(vromn) , Ix(g)(vivj) < Ix(g)(viomn),

Fx(0)(vivj) <Fx(Q)(v10mn), Fx(q)(vivjk) <Fx(q)(vrvmn),

for some v;vj among all cycles of G.

Proof. Suppose on contrary in a cycle, we

Tx (@) (vivj) > Tx (@) (v10mn), Tx(q)(vivjk) >Tx(q)(vivmn),
IX(Q) (viv]«k) <I§(Q) (vlvmn) , IX(Q) (vivjk) < IX(Q) (vlvmn),
Fy(q) (vivjk) <Fx(q)(vromn), Fx(q)(vivj) <Fx(g)(0romn)-
Then any path involving it can be converted into a path not involving it with influence strength

greater than and equal to the value of XQ for previously deleted pairs. So v;vj is not a cutpair. This is a
contradiction to our assumption. Hence v;vj is not a pair with the least value among all cycle. [

Theorem 10. If G=(SN1,RM1,XQ1) is a soft rough neutrosophic forest, then the pairs of neutrosophic
spanning subgraph H=(SN1,RM1,XQ>) such that

Tx(q) (vivj) <Ticonny (vi, k), Tx(q,) (0ivjk) <Ticonng (i, k),
Ix (@) (vivj) >Iiconny (Vi 0k), Tx(o,)(0ivjk) >Iiconng (Vi vk),

Fx(0,) (0ivjk) > Frconny (vi, vk), Fxq,) (vivje) >Ficonng (vi, vk),

are exactly the cutpairs of G.

Theorem 11. A soft rough neutrosophic influence graph G is a cycle. Then an edge vj, is a soft rough
neutrosophic influence bridge if and only if it is an edge common to atmost two cutpair.

Theorem 12. Let G be a soft rough neutrosophic influence graph. Then the following conditions are equivalent.
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1. For a pair v;iv€l" N I

Tx(Q) (vi9jx) > TICONNG 0, (¥ 0k), Tx() (vi0k) >TICONNG 5, (vi, vx),

IX(Q)(Uink) <IICONNQ_U’,Z,jk(Ui/ ) IY(Q) (Uivjk) < IICONNC_viv/k(Uir k),

Fx (o) (vivjk) <FicoNNg s, (i V), Fx(g)(vitjk) <FICONN@vivjk (03, 0)-
2. vvji is an influence cutpair

4. Application to Decision-Making

Decision making is a process that plays an important role in our daily lives. Decision making
process can help us make more purposeful, thoughtful decisions by systemizing relevant information
step by step. The process of decision making involves making a choice among different alternatives,
it starts when we do not know what to do.

The selection of the right path for transferring goods from one state to another states illegally.
Every state has different polices within or out side the state, there are several factors to take into
consideration for selecting the right path. Whether the economy of a country is good, having job
opportunity or a safety.

Suppose a trader wants to extend his business to the countries C1,C,C3,C4,Cs and Cg. Initially,
he takes C; and extends his business one by one. Assume A is set of the parameters, consisting of
element a; = job, 4, = economy above average, a3 = safety, a; = other.

Let S be a full soft set from A to parameter set V, as shown in Table 16.

Table 16. Soft Neutrosophic Set S.

S Ci C GC C C G

a1 1 1 0 1 1
a0 0 1 1 1 1
a1 1 1 0 0 1
a1 1 1 1 1 1

Suppose N={(C1,0.8,0.6, 0.7),(C2,0.9,0.5,0.65),(C5,0.75,0.6,0.65),(C4,1.0,0.55,0.85),(C5,0.95,0.63,0.8),
(C6,0.85,0.65,0.95) } is most favorable object describes membership of suitable countries foreign polices
corresponding to the boolean set V, which is a neutrosophic set on the set V under consideration.

SN = (S(N),S(N)) is a full soft rough set in full soft approximation space (V,S) where

S(N)={(C1,0.90,0.50,0.65), (C,,0.90,0.50,0.65), (C3,0.90,0.55,0.65), (C4, 1.00,0.55,0.65),
(Cs,0.95,0.55,0.65), (Cs,0.9,0.55,0.65) },

S(N)={(C1,0.75,0.65,0.95), (C,,0.75,0.65,0.95), (Cs,0.75,0.65,0.95), (C4,0.75,0.65,0.95),
(Cs,0.75,0.65,0.95), (Cs,0.75,0.65,0.95) } .

Let E={C12,C14,C15,C23,C26,C34,C35,Ca5,Ca6,C56 } SV = V x V and L={a1y, 21,834,000} CA = A x A.
A full soft relation R on E (from L to E) can be defined as shown in Table 17.

Table 17. Full soft set R.

R Cp Cuu Cs5 C3 Cp Ciq G5 (G5 Cg  Cse

a2 1 1 1 1 1 1 1 o0 o0 1
@ O 0 o0 o0 o0 o0 1 1 1 1
a5 1 1 1 1 1 1 1 0 0 0
a4 O 1 1 1 1 1 1 1 1 1
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Let M={(C12,0.74,0.5,0.62),(C14,0.75,0.45,0.63),(C15,0.74,0.54,0.61),(C23,0.72,0.48,0.65),(C2,0.71,
0.49,0.64),(C34,0.72,0.53,0.64),(C35,0.73,0.52,0.63),(C45,0.7,0.51,0.61),(C46,0.74,0.55,0.6) ,(Cs6,0.73,0.47,
0.64)} be most favorable object describes membership of countries foreign polices toward
others countries corresponding to the boolean set E, which is a neutrosophic set on the set V
under consideration.

RM = (RM, RM) is a soft neutrosophic rough relation, where

EM:{ (C12,0.75,0.45,0.61), (C14,0.75,0.45,0.61), (Cy5,0.75,0.45,0.61), (Co3,0.75,0.45,0.61),
(Cag,0.75,0.45,0.61), (Cas, 0.75,0.45,0.61), (Cs5,0.74,0.47,0.61), (Cas, 0.74,0.47,0.6),
(Cy6,0.74,0.47, 0.6), (Cs6,0.74,0.47, 0.61)},
RM={(C12,0.71,0.54,0.65), (C14,0.71,0.54,0.65), (C15,0.71,0.54,0.65), (Cz3,0.71,0.54, 0.65),
(Cae,0.71,0.54,0.65), (Caq, 0.71,0.54,0.65), (Ca5,0.71,0.54,0.64), (Cas, 0.70,0.55, 0.64),
(Cas,0.70,0.55,0.64), (Css, 0.71,0.54,0.64) }.
Let I={C C15,C1C23,C1Ca5,C2Ca4,C3C1a, C5 a6, C3 Cas,Ca Cas, Ca Cas CaCap G5 Ca3, G5 Caa, C5Cae,
CsC12,C6C15}CV =V x E and F={a1a4p,40014,43034,04021,04020 } CA = A X L.

A full soft relation X on I (from F to I) can be defined in Table 18 as follows:

Table 18. Full soft set X.

CiCis5 CiC3 C1C35 (GG C3C1y C3Cy6  C3Cy5, CyCos

X CiCy5 CyCy6 C5C3 C5C3q CsCy6  CeCra CeCos

eres 1 1 1 1 1 1 1 0
0 0 1 1 1 0 1

erers 0 0 0 0 1 1 0 0
0 0 1 1 0 1 1

e 0 0 0 0 0 0 0 1
2034 0 0 0 0 0 0 0

ese 1 1 1 1 1 1 0 0
34 0 0 0 0 0 1 1

ene 0 0 1 0 0 0 1 0
4% 1 1 0 0 1 0 0

esen 1 1 1 1 1 1 1 0
1 1 1 1 1 0 1

Let Q = {(C1C15,0.7,0.43,0.58), (C1C23,0.65,0.39,0.54), (C1Cs5,0.66,0.37,0.56), (C2Cs4, 0.68,0.38,
0.59), (C3C14,0.6,0.4,0.6), (C3Ca6,0.62,0.42,0.58), (C3Cys,0.64,0.45,0.54), (C4Ca3,0.7,0.45,0.60), (C4Cas,
0.7,0.36,0.48), (C4C46,0.68,0.35,0.5), (C5Ca3,0.69,0.45,0.54), (C5Cs4,0.65,0.42,0.58), (C5C4s,0.64,0.41,
0.59), (C6C12,0.63,0.4,0.6), (CsC15,0.62,0.39,0.5) } be most favorable object describes membership of
countries impact toward others countries regarding trade corresponding to the boolean set I, which is
a neutrosophic set on the set I under consideration.

XQ = (XQ, XQ) is a soft neutrosophic rough influence, where
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XQ={(C1C;5,0.70,0.37,0.50), (C; Ca3,0.70,0.37,0.50), (C; C33,0.70,0.37,0.50), (C5C34,0.70,0.37, 0.50),
(C3C14,0.69,0.39,0.50), (C3Cas, 0.69,0.39,0.50), (C3Cus,0.70,0.37,0.50), (C4Ca3, 0.7,0.45,0.60),

(C4Cis5,0.70,0.35,0.48), (C4Cug,0.70,0.35,0.48), (C5Cas, 0.69,0.39,0.50), (C5Cs4, 0.69,0.39, 0.50),
(C5Ca6,0.70,0.37,0.50), (C6C12,0.69,0.39,0.50), (CC1s, 0.69,0.39,0.50) },

XQ={(C1C15,0.60,0.43,0.60), (C1Ca3,0.60,0.43,0.60), (C1Cs5, 0.64,0.43,0.59), (CoCs4, 0.60, 0.43,0.60),
(C5C14,0.60,0.43,0.60), (C3Ca6,0.60,0.43,0.60), (C3Cys, 0.64,0.45,0.59), (C4Cp3, 0.7,0.45, 0.60),

(C4Cis,0.64,0.45,0.59), (C4Cag, 0.64,0.45,0.59), (C5Cas, 0.60, 0.45,0.60), (C5Css, 0.60,0.45, 0.60),
(C5Ca6,0.64,0.45,0.59), (CsC1a, 0.60,0.43,0.60), (CCis, 0.60, 0.43,0.60) }.

Thus, G = (G, G) is a soft neutrosophic rough influence graph as shown in Figure 9. He finds the
strength of each path from C; to Cg. The paths are
Py : Gy, G5, G, G5, G,
P; : Cq1,Cy,Cs,Ce,
P3:Cq,C3,C5,C3,Ce

with their influence strength as (0.6,0.45,0.5), respectively.

C5(0.75,0.65,0.95)

€1(0.75,0.65,0.95)

(0.75,0.45,0.61) _ C3(0.9,0.55,0.65)

I ’ * %Q'/
3 R\ g =
= o e o =
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S 5% S 9P . & 2
5 oy QA Ny ~< g
S O S 9 075, =
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S /0, S 2 ET 0305~ 2
S o, § S 23 RN
Go, -~ =
Ao p 0.5). °
0.7 5 NS A% B 2 60,03% S
A 37, X S A 50;\6« :
5 N %o DS - KQT(‘ 4
DR Gy o @
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07, 0.35,0'.48j
G = (S(V). R(M), X(Q))

Figure 9. Soft rough neutrosophic influence graph G = (G, G).



Mathematics 2018, 6, 125

34 of 37

Since, there is more than one path, therefore, the trader calculates the score function which is

formulated in Equation (4):

Score Ful’lCtiOI‘l(Cl‘): <TS(N) (CZ) + T?(N) (Cz) + TB(M) (Cl]) + TF(M) (Cz]) + TX(Q) (Cicjk)+

Tx(0)(CiCik), Is(n) (Ci) I ny (Ci) + Ir(an) (Cij) Iy (Cij)+ - (4)

Ix() (CiCik) Ix () (CiCir), Fsn) (Ci) Fg ) (Ci) +

Fria (Cij) Froa ( z/)+FX(Q)(CiCjk)FX(Q)(CiCjk)>-

For each C;, the score values of C; is calculated directly and as shown in Table 19.

Table 19. Score Function.

14

Score Values

G
G
(@)
Cy
Cs
Ce

(9.97,1.054,2.702)
(5.87,1.2979,1.7105)
(8.48,1.3562,2.2994)

(6.73,1.392,2.3119)
(7.07,1.3673,1.9029)
(4.23,0.6929,1.2175)

S0, he chooses the path P5:C1,C3,C5,C5,Cq. The Algorithm 1 of the application is also be given in
Algorithm 1. The flow chart is given in Figure 10.

Algorithm 1: Influence strength of each path in rough neutrosophic influence graph

—_

Input the universal sets C and P.

Input the universal sets E and L.

Input the universal sets I and F.

O 0 NG BN

Input the full soft set S and neutrosophic set N on V.
Calculate the Soft rough neutrosophic sets on V.

Input the full soft set R and neutrosophic set M on E.
Calculate the Soft rough neutrosophic sets on E.

Input the full soft set X and neutrosophic set Q on I.
Calculate the Soft rough neutrosophic sets on I.

10 Find the number of path and calculate their influence strength of

each path from C; to C;.

11. Choose that path which has maximum membership, minimum
indeterminacy and falsity value. If i > 1, than calculate the
score values of each C;, choose that C; which has maximum
membership and come immediately after C; in one of the paths.

5. Conclusions

Graph theory has been applied widely in various areas of engineering, computer science, database
theory, expert systems, neural networks, artificial intelligence, signal processing, pattern recognition,
robotics, computer networks, and medical diagnosis. Present research has shown that two or more
theories can be combined into a more flexible and expressive framework for modeling and processing
incomplete information in information systems. Various mathematical models that combine rough sets,

soft sets and neutrosophic sets have been introduced. A soft rough neutrosophic set is a hybrid tool for
handling indeterminate, inconsistent and uncertain information that exist in real life. We have applied
this concept to graph theory. We have presented certain concepts, including soft rough neutrosophic
graphs, soft rough neutrosophic influence graphs, soft rough neutrosophic influence cycles, soft rough
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neutrosophic influence trees. We also have considered an application of soft rough neutrosophic
influence graph in decision-making to illustrate the best path in the business. In the future, we
will study, (1) Neutrosophic rough hypergraphs, (2) Bipolar neutrosophic rough hypergraphs, (3)
Neutrosophic soft rough hypergraphs, (4) Decision support systems based on soft rough neutrosophic
information.

oucrsN /
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Figure 10. The flow chart of the application.
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