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Abstract:

In this article, we have investigated the concept of hypo soft graph structures and its properties. Also
we have discussed bell structures of hypo graphs with illustrative Examples.

Index Terms: Soft Set, Bi-Directional Soft Set, Normal, Soft Power Set, Path Vertex, Path Connected &
Membership Functions.
1. Introduction:

Akram [2] introduced the concept of bipolar fuzzy graphs and defined different operations on it. A.
Nagoorgani and K. Radha [3, 4] introduced the concept of regular fuzzy graphs in 2008 and discussed about the
degree of a vertex in some fuzzy graphs. K. Radha and N. Kumaravel [5] introduced the concept of edge degree,
total edge degree and discussed about the degree of an edge in some fuzzy graphs. S. Arumugam and S.
Velammal [6] discussed edge domination in fuzzy graphs. Soft set theory was introduced by Molodtsov [9] for
modelling vagueness and uncertainty and it has been received much attention since Maji et al [10], Sezgin and
Atagun [1] introduced and studied operations of soft sets. Soft set theory has also potential applications
especially in decision making as in [10]. In this article, we have investigated the concept of hypo soft graph
structures and its properties. Also we have discussed bell structures of hypo graphs with illustrative Examples.

2. Preliminaries:

Definition 2.1: A graph is called finite if both V(G) and E(G) are finite. A graph that is not finite is called
infinite. A simple graph H is said to be complete if every pair of distinct vertices of G are adjacent in G.

We shall in this paper deal only with graphs which are finite. N(G) and m(G) are the number of vertices and
edges of the graph G, respectively. The number n(G) is called the order of G and m(G) is the size of G.
Definition 2.2: A pair (u, A) is called a soft set over X , where p is a mapping given by p: A— P(X) .

Definition 2.3: Let W " denote an universe of discourse. A bi- directional fuzzy soft set A is an object having
N P N n P apsn N ap/n
the form A= {(X, o5 (X),0; (X)) xeW } where 65 W" —[0,1] and 6, W" —[-10]

satisfy —1<68," +6," <1 for all xeW" , 5; and 5KN is called membership element x to A

respectively. Let F(W ") be the classes of normal BDFS-sets of W ",
(ie) {X eW" /5; (X)/é'xp (x)=1land &;" (X) = —1} is non empty.
Example 2.4: Let A = {(X, 5; (X),5KN (X)) xeW } where

x2+1  xe[-10] —X xe[-1,0] B
5 () =1-x3+1 xe[01] ad 5 = x +3 xe[0] then AcFW).
0 otherwise 0 otherwise

Definition 2.5: A BDFS-set A € F(W ") is called quasi-convex if

55" (A(X—y)+y) >inf {5KP(X),5KP(y)} and 5KN(/1(x—y)+y)§sup{§xN(x),5KN(y)}
forall X,yeW", 1e[-11].
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Definition 2.6: A BDFS-set A € F w n) is called bi- directional fuzzy soft bell structure set corresponding to
yeW" if & (A(x=y)+y)=8: (X) and & (A(x=y)+y) <5, (X) for all xeW" ,
Ae[-11]].
Proposition 2.7:

Let AeFW?") is bi- directional fuzzy soft set corresponding to yeW" . Then

57 (x) = sue{aﬂp(x) f=1,8,"(x) = inf {6 j=—1

Proof:
Let A is bi- directional fuzzy soft corresponding to y. Then for all X € R"
5 (AX=Y)+y) 28,7 (x) and 5" (A(X—Y)+y) <8, (X) are true for —~1< 1<1.
Thus, only take A =0, it can be found that 5ﬂp(y) ZdKP(X) and é%N(y) Sé‘RN(X) are true for all
x e R". Hence &, (X)=sup {5{’ () }:1 55" (X) = inf, {5{' (X) }: -1.
XeR" xe

Example 2.8:
A bi- directional fuzzy soft set A € F(R") with 5.7 (x) = e'2x  Xxe(=00] ,
A e”1/2x  xe(0,)
1-e  xe(0,x)
The following diagram shows bi-directional graphs

x2 _
5KN (x) = {1_6 X&(=,0] is bi-directional fuzzy soft set corresponding to y = 0.

Vs (-0.2,04)

v &
( ) o (02,0.7) (03,0.7)

Proposition 2.9:

A bi- directional fuzzy soft set AcF (W")is corresponding to y € R"if and only if its level sets are

bell structure corresponding to y.
Proof:

Suppose 5K[a’ﬁ] is bell structure relative to 'y € R" forall, B €[-1,1].

For xeR", let = 5;()(), f= 5KN (x) then Xye é%[a'ﬁ] that is for any A e[—11]
5 (Ax=yY)+yY)Z2a=5,"(x) and &; (A(X=Y)+Yy)<B=35;"(X)
Conversely, if forall xe R", A e[-1,]]. 5KP(ﬂ(X— y)+y)> 5KP(X) and

5. (A(X=y)+y) <8 (X) hold.
Since 5K[a’ﬁ] # @ , there exists X € 5K[a’ﬂ], which means 5;()() > and 5KN x)<p.
Hence 5{(i(x—y)+ y) > 5;()() > and 5KN (A(x=y)+y)< 5KN (X)< B for any Ae[-11].
So Xy e é%[a’ﬁ] . Then 5K[a’ﬁ] is bell structure relative to y.

Definition 2.10: BDFS-set A € F(R") is said to be bi- directional fuzzy soft quasi set (BDFSQS)
correspondingto X € R", ifforall xe R", A €[-1,1], the following hold
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57 (A(x=y)+Y) 2inf {57 (0,57 (y) |, 5" (A(x=y) +y) <sup(S;" (0,5, (v) |

Vs

Vv, V4

Definition 2.11: A BDFS-set A € F(R”) is said to be bipolar fuzzy soft power set (BDFSPS) relative to
xeR", 1 e[-11], the following are true

Sy (AX=Y)+Y) 2 28" () +L-2)5; (¥). 85 (A(x=Y)+Y) <A ()+L-A) 55" (¥)
Definition 2.12: A bi- directional fuzzy soft hypo graph of A denoted by for hypo ( A ), is defined as
f.hypo(A) = f.hypo (8,7 )L .hypo(s," ) where f.hypo(5,”)={(xt)/x eR,t e[-1,5,"(N)] |

f.hypo(5.)={(x.s)/xeR, s[5, (%),11 |.

Vs P

(0.1,2,0.9) ‘ ™

.\\ |
Vs (0207
Vs Va (0.3,0.4,0.7)
(0.2,0.3,0.4)

. ,

\Y Va " ’
(0.1,0.3,0.4) (0.4,03) (0.1,04)

3. Properties of Bi-Directional Hypo Graphs:
In this section, we analyzed some various theorems on hypo graph structures.

Theorem 3.1:

Let A e F(R") is BDFSP-set corresponding to Y € R". Then it is BDFSP-set relative to y.
Proof:

Since forall xe R", 1 e[—1,1], the following hold,

SF(AX=y)+Y) 2487 () + A=) 8.7 (y) =inf {5,7(2),5,7(¥) |
5KN(A(x—y)+y)gzaz\“(x)+(1—/1)5z\N(y)ssup{&K“(x)ﬁz\N(y)}.Thus A is BDFSQ-set

relative to y.
Example 3.2:
2+x xe[-2,-1]

A bi- directional fuzzy soft set with the (+) membership function 5.7 (x) = x? xe[-11] and the

ALY T 2-x xeL2]
0 otherwise

-x-1 xe[-2,-]]
() membership function 5 () _ 1-x*  xe[-11] s BDFSQ-set corresponding to Y = 0. But it is not
AT x-1 0 xelL2]

1 otherwise
BDFSP-set correspondingto y = 0.
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Theorem 3.3:

Let AeF(R") is BDFSQ-set corresponding to y € R", then 5ﬂp(y) = sup{égp(x) }:1 :

xeR"
55N (y)= EQF‘; {55'\' (x) }: —Lifand only if A € F(R")is BDFS-set corresponding to y.
Proof:
Since A € F(R") is BDFSQ-set correspondingto y € R",

5.7 (y) = sup{s." (%) =1 and 5, (y) = inf {67 (x) =1 then forall xeR", 2€[-11].

xeR"
We have 5,7 (A(x—y)+y)=inf {5,7(x),8,7(¥) |=5,7 (x)
5KN (Ax=y)+ y)$sup{5KN (X),é'ﬂN (y) }zé'KN (X) .Hence A is BDFS-set corresponding to y.
Also  Since A is BDFS-set corresponding to y, which means for all x € R", Ae[-11]],
S5 (A(X=y)+y)=28; (X) and 55" (A(X—Y)+Y)<55" (X)
Take A =0, we get 5xp(y) Zé‘KP(X) and 5KN(y) S5RN () forall xeR".
Thus 3,7 (A(X—Y) +Y) 25,7 () =inf {5,7(x),5,"(¥) |
5KN(/1(X—y)+y)S5KN(X)SSUp{é'KN(X)ﬁKN(y)}.Hence A is BDFSQ-set corresponding to y.
5,7 (y) = sup{s," (9 f=1.8," (v) = inf {5," () |=-1

xeR"

Example 3.4:
e*  Xxe(—x,0]

A bi- directional fuzzy softset A € F(R") with 5.7 (x) =
A e’ Xxe(0,)

SN (x) = 1-e X&(-,0] is bi- directional fuzzy soft set corresponding to y = 0. But it is not BDFSP-
A 1-e*  xe(0,)

set corresponding to Yy = 0.
Theorem 3.5:

A bi- directional fuzzy soft set (BFSS-set) Ae F(R") is hi- directional fuzzy soft bell structure
correspondingto y € R" iff forall x e R", A [-1,1], the following hold,
P P N N
05 (AX+Y)20; (X+Yy)and 85 (AX+Y)<S; (X+Y).
Proof:

Suppose A is bi- directional fuzzy soft bell structure corresponding to y , that is for all X e R",
Ael-11]

5; (A(x=y)+Y)<8:" ()
Replacing x by X+ Yy in the above equation (1), we can get

5 (AX+Y=Y)+Y) 28; (X+Y) = 55 (AX+Y)=5; (X+Y) is proved and

5 (A(x=y)+y)=5;" (x) and }

5KN (A(X+y—-y)+Yy) Sé‘KN x+y)= 5KN (Ax+ y)Sé‘KN (X+Y) is proved. Similarly, we can get
the converse part.
Theorem 3.6:

A bi- directional fuzzy soft set A € F(R") is BDFSQ-set corresponding to Y € R" iff 5K[a’ﬂ] is

bell structure set corresponding to y for @ €[—1, 5; V1. pe [5KN ..
Proof:
Suppose A is BDFSQ-set relative to y, that is forall xe R", 1 [-1,1] ,
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5 (A(x=y)+y) 2inf {57 (0,6,°(v) |, (A(x=y)+y) <sup{5;" (9.5," (v) |

Forany a €[], 5xp(y)],ﬂe[5xN(y),l], if Xeéx[a’ﬁ],then we have that X, yedx[a’ﬁ].

From the above inequality, We get that 5KP(/1(x—y)+y)2a and 5KN(/1(x—y)+y)£ﬁ. So
xy e 5,1,

Also, for xeR", 1e[-11]], if 5KP(X) 25xp(y), then let azé‘xp(y). Accordingly we have
Xy € 5,1 thatis &,F(A(x—y)+y) =inf {8,7(x),8,7(y) |

If 5, (X) <5 (y) . then et a:é‘xp(x) . Accordingly we have )_()_/eé‘ﬂ[a'ﬁ] , that is
5P (A(x=y)+y) =inf {5,787 (y) |-

If é}N(X)Sé‘RN(y) , then et p’zéxN(y) . Accordingly we have )_()_/e5x[a'ﬂ], that is
5 (A(x—y)+y)<sup{3;" (0.5," (v) |

If EKN(X)Zé'EN(y) , then et ,B:é'KN(X) . Accordingly we have )_()_/eé'ﬂ[a’ﬂ], that is
5KN (A(x=y)+y)< SUp{é‘KN (%), 5KN (y) } Thus A is BDFSQ-set corresponding to y € R".

Theorem 3.7:
A bi- directional fuzzy soft set A € F(R") is BDFSP-set corresponding to y iff f.hypo (5;) is

bell structure relative to (Y, 5; (y)) and f.hypo (5KN ) is bell structure corresponding to (Y, é%N (x)).
Proof:
If A is BDFSP-set corresponding to y, (X,t) € f.hypo (5;) and (x,S) € f.hypo (JKN )
Since A is BDFSP-set corresponding to y.
Forany 1e[-11], wehave &5 (A(X=Y)+Y)> A8 () +@A-D)3; (Y) = At+L-2A)5:" (Y)
S (AX=Y)+Y)< 455" () +1L-A)5;" () <As+L-D)5;" ()
Thus, we have
A0+ A=)y, 8,7 (V) < f.hypo(8,7) A(x,5)+ A= A)(y. 5" () < f.hypo (s, ")
Hence f.hypo (5;) is bell structure corresponding to (y,é'ﬂp(y)) and f.hypo(ﬁKN) is bell structure

corresponding to (Y, 5KN (y).

Also, Assume that (X,é’KP(X)) e f.hypo (5;) and (X,é'ﬂN (X)) € f.hypo (é%N) . By the bell structure
of f.hypo (5xp)and f.hypo (5KN) , We can have

AX+A=2)Y , 18,7 () +1-)5,7 (y)e f.hypo(s,”)

Ax+(A=A)y , A18." () +1- 25" (y)e f.hypo(s,") For any A€[-11] . Thus A is BDFSP-

set corresponding to .
Definition 3.8: A path in a set S in R" is a continuous mapping f :[-1,1] — S. A set S is said to be path
connected, if there exist a path fsuch that f(—1) =X and f(1)=Yy forall X,y € S.

v AsetBDFS-set A is said to be path connected if its level sets are path connected.
v Since a bell structure crisp set is path connected.
Proposition 3.9:

If Ae F(R") is bi- directional fuzzy soft quasi convex set, then it is BFSGS. Furthermore, if

AcF(R") is BDFSGS, then A is a BDFSQC-set.
Proof:
If A isaBDFSQC-set, that forall X,y € R", Ae[-1,1], we have
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57 (A(x=y)+y)=inf 18,7(x),8" ()] 5" (A(x— )+ y)<sup{s," (%), 5" ()]
then for all X,y € R", the following hold,
5P (A(x=y)+y)=inf {57 (x),5,7 () [2inf {ar,ar}>

SN (Ax—y)+y)<sup{s, " (x), 5. (v) [<sup{ 8. B} < B

So Xy € 5., In other words A is a BDFSGS-set. Additionally if Ac F(R") is BDFSGS-set, then

5K[a’ﬁ Vis bell structure. Thus they are path convex. So we have that A is BDFS-set relative to y and is a

BDFSQC-set.
Conclusion:
Hypo graphs is a powerful tool for network analysis and communication theory. Path vertex is played
in various transport analysis.
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