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Abstract:

In this paper, a new Hesitancy Fuzzy Graph Model called Balanced Hesitancy Fuzzy
Graphs (BHFGs) is introduced. Also, we discuss the various concepts related with Balanced
Hesitancy Fuzzy Graphs with their graphical representations. Further we develop the
concept of self complementary hesitancy fuzzy graphs along with the theoretical
illustration.

Key Words: Hesitancy Fuzzy Graphs, Hesitancy Subgraphs, Self Complementary
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1. Introduction:

Fuzzy Set Theory has its root in the eastern logic. It mainly deals with the
ambiguity prevailing in the system. Lotfi A. Zadeh [24] in the year 1965 developed the
theoretical framework of fuzzy set theory in order to capture the vagueness that has
occurred in the real life circumstances. Then many ideas/concepts [7] have been
developed and researchers throughout the world are coming out with numerous results
by incorporating fuzzy set theoretical concepts in their experiments. Several hypotheses
have been framed and suggestions are derived with the help of fuzzy decision making
tools [18] to improve the decisions made by the decision makers, planners and other
authorities. Also various concepts of fuzzy set theory have been successfully applied in
other areas which include Medicine, Engineering, Economics, Robotics, Social studies
and so on. Fuzzy Graph is one such concept that was first introduced by A. Rosenfeld
[19] in the year 1975 and has been much useful in the field of operations research,
system analysis, automata theory, signal processing and so on. Importantly, J. N.
Mordeson [8], M. S. Sunitha [21] [22] and A. Nagoor Gani [15] defined other major
concepts in the fuzzy graph theory. T. Pathinathan and ]. Jesintha Rosline introduced
two new fuzzy graphs namely Double Layered Fuzzy Graphs (DLFGs) [5] [9] [10] [16]
[17] and extensively studied their important properties with application.

T. Pathinathan and J. Jon Arockiaraj [12] introduced a new fuzzy graph called
Hesitancy Fuzzy Graphs and discussed their various theoretical properties and
validations. In addition to this, the concept of regularity [15], constant [13], index
matrix representation [14] and various Cartesian products [11] were also derived. This
article presents the concepts of balanced extension of hesitancy fuzzy graphs and self
complementary hesitancy fuzzy graphs with the help of theoretical illustrations.

Erdos and Renyi [3] first studied the balanced extension on random graphs [4] in
order to deal with the complex networks. Complex networks in the sense with more
connections and dimensions, the network become vague and it complicates the
situation. To overcome such situation, Balanced Fuzzy Graphs (BFGs) is developed.
T.AL-Hawary [1] introduced the concept of Balanced Fuzzy Graphs (BFGs) and further
extensions have been made by Mohammed Akram and M. G. Karunambigai [6].
Karunambigai and others [6] defined the concepts of density and balanced notation for
an Intuitionistic Fuzzy Graphs.
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The article is organized as follows. Section 2 focuses on the basic concepts and
notations of Fuzzy Graphs (FGs), Hesitancy Fuzzy Graphs (HFGs). Section 3 introduces
the concept of Balanced Hesitancy Fuzzy Graphs (BHFGs) along with the illustration.
Section 4 gives the theoretical validations and proofs for the newly introduced Self
Complementary Hesitancy Fuzzy graphs (SCHFGs), which followed by conclusion in
section 5.
2. Basic Definitions and Terminologies:
This section contains some basic definitions and examples on Hesitancy Fuzzy
Graphs and its related topics.
Definition 2.1: Fuzzy Graph (FG) Let V be a non empty set. A fuzzy graph is a pair of
functions G(z4, 1,) where g is a fuzzy subset of V, u,is a symmetric fuzzy relation on
M
w4V —>[01]
i,V xV —[0,1]
suchthat s, (v;,v;) < g4 (V) A g4 (V) YV, V; €V,
The underlying crisp graph of the fuzzy graph G(u,u,) is denoted as

G : (1", 1, ) where 4 is referred to as the nonempty set V of nodes and s, = E <V xV .

The crisp graph (V, E) is a special case of the fuzzy graph G with each vertex and edge of
(V,E) having degree of membership 1.

Definition 2.2: Partial Fuzzy Subgraph: A fuzzy graph H: (V' E’) with & ":V'—[0,]]
and z,":V 'xV'—[0,1]is said to an partial fuzzy subgraph of G:(V,E) if,

() V' CV ,where 1 <y, forall v, V', i=123,...,n.

(i) E' CE, where p < p,, forall (vi,vj)e E’ i, j=123,..,n

Definition 2.3: Fuzzy Subgraph: In Particular, a partial fuzzy subgraph H:(V'E")is
said to be a fuzzy subgraph of G: (V, E) if,

(i) V' CV,where /= p, forall v, €V’,i=123,...,n.

(i) E' CE, where y = p,, for all (vi,vj>e E’ i, j=123,..,n

Definition 2.4: Density of a Fuzzy Graph [1]: The density of a fuzzy graph G:(V,E)
with z4:V —[0,1] and g, :V xV —[0,1] is defined as,

> “2(\’“"1)

Vi ,vjev

Z (“1 (Vi) A (Vi)) |

v vy ev
Definition 2.5: Balanced Fuzzy Graph [1]: A fuzzy Graph G(V,E) is said to be
balanced fuzzy graph, if D(H) < D(G) for all fuzzy non-empty subgraphs H: (V' E") of
G(\V,E).
Definition 2.6: Strictly Balanced Fuzzy Graph [1]: A fuzzy graph G = (V,E) is strictly
balanced fuzzy graph if D(H):D(G) for all non-empty subgraphs H:(V'E’)of
G(\V,E).

D(G) =2
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Definition 2.7: Hesitancy Fuzzy Graph (HFG) [12]: A Hesitancy Fuzzy Graph is of the
form G = (V,E), where

(i) V={v,v,,.v,}such that gz :V —[01],5:V —[0,1]and 5 :V —[0,1]denote the
degree of membership, non-membership and hesitancy of the element v, eV
respectively and z4(v;,)+7,(v;)+B,(v) =1V, €V, Where B (v;)=1—[z(v)+7(v)]and
0<24(v;)+ (V) S1---m--- (1)

(i) E<VxV where g, :VxV —[01],7,:VxV—>[01]and g,V xV —[0,1]are such
that, 4, (v,,v;) <min(z4(v,), 4(v,)) ------ (2)

72 (i, V) < max(y; (V) 72(vy)) === (3)

£, (Vi,vy) <min(5,(v), B(vy)) === (4)

And 0< 44, (v;, V) +7, (., V) + B (v, V;) SIV(V,,V,) € E -------- (5)
Notations:

v' (V,, s, 7, p,) denotes the vertex, degree of membership, non-membership and
hesitancy of the vertex vi.
<eij,,u2,72,ﬁ2> denotes the edge, degree of membership, non-membership and

hesitancy of the edge relation g; = (v;,v;)on V.

2.8 Definition: Complete Hesitancy Fuzzy Graph [12]
A HFG, G = (V,E) is said to be a complete HFG if,

(v, 1Vj) = min(/’ll(vi)’/'t_[(vj )
72V, ’Vj) = max(Vl(Vi)171(Vj )
B (vi,vy) =min(S,(v,), Bi(v)))

2.9 Definition: Complement of Hesitancy Fuzzy Graph [12]
Let G = (V,E) be an HFG, then the complement of the HFG is a HFG, G(V, E) where

V=V,(ie,)w=wrn=r;B=5
and

My =MiN(ey, 1) = iy,

¥, =min(y,, 7,) -7, and
f, =min(B,, )~ B, Vv,V €V
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3. Balanced Hesitancy Fuzzy Graphs

This section presents the concept of subgraph, density and balanced notation in
terms of Hesitancy Fuzzy Graphs [12]. Also this section provides the geometrical

representation of the above mentioned concepts with theoretical illustration.
3.1 Definition: Partial Hesitancy Fuzzy Subgraph
An FG H = (V/,E’) is said to be a partial hesitancy fuzzy subgraph of G = (V, E) if
() V' CV ,where 1 <p, v/ <, B<pB, foralv, eV’ i=123..,n
(ii) E' CE, where ) <, 74 <~, pi<p, forall (vi,vj)e E' i, j=12.3,...,n.
3.2 Definition: Hesitancy Fuzzy Subgraph

An FG H = (V/,E’) is said to be a hesitancy fuzzy subgraph of G = (V,E) if
() V' CV ,where y/ =, v/ =", Bi=4 forallv. eV’ i=123..,n.
(i) E'CE, where ;= p,, v, =7, , Bi=p, forall (v,v,)€E’,i,j=123,...n
3.3 Definition: Density of Hesitancy Fuzzy Graph

The density of an intuitionstic fuzzy graph G=(V,E)
D(G)=(D,(G),D, (G),D,(G)), where,

> “2<Vi’vj>

D, (G) is defined by D, (G) = 2| ——~ , for v, v, €V

Z V2 <Vi’Vj)
. . vivjeV
D, (G) is defined by D_(G) =2 ,for v;,v, eV

> (utw)va(v))

(vi ,vj)eE

> Bo(vivy)
D, (G) is defined by D, (G) = 2| ——"+ , for v,,v; €V

> (Bw)AB(v))

(vi,vj)eE

Otherwise,
D(G)=(D,(G),D,(G),D,(G))

> 1 (viyy) > (V) > B (viv,)

D(G) _ 2 vi,vjev ’2 Vi ,vjeV 2 u,vev

> (:ul(vi)/\:u’l<vj>)

(viv;)eE (vivj)eE (vivj)eE

3.4: Definition: Balanced Hesitancy Fuzzy Graph (BHFG)

= (uva®))|| S (AtAAW)

is

A hesitancy fuzzy graph G=(V,E) is balanced if D(H)<D(G), that is,

Dﬂ (H ) < Dﬂ (G), DW (H ) < DW’ (G) and D, (H ) <D, (G) for all subgraphs H of G.
3.5 Illustration: Balanced Hesitancy Fuzzy Graph

Let G(V,E) is a hesitancy fuzzy graph with the vertex set V ={V,,V,,V,,V,} given
by V =(u. 74, 8;) where g;:V —[01];7,:V —[0,1]; 5, :V —[0,1] denotes the degree

of membership, non-membership and hesitancy degree. Then edge relation between

them is given by
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VLV, VLV VLY AV, VLAY, VY, VLY,
VxV =V, V, Vo VLV, VALY, Y LAY, VLY,
VLV, VLV, )
with V XV = (41, 72, By; ) Where t; V<V —[0,1]; Vo 1V <V —[0,1];
B 'V xV —[0,1] denotes the edge relation of membership, non-membership and

hesitancy degree. The hesitancy fuzzy graph is figured as follows:

(0.6,0.3, 0.1)v1I (0225, 0.3, 0.015) IVA (0.3,0.5,0.1)

(0.15, 0.3, 0.015) (0.225, 0.3, 0.015)
(0.2, 0.5, 0.3)V,

V3(0.4,05,0.1)
(0.15, 0.3, 0.015)

Figure 1: Balanced Hesitancy Fuzzy Graph
Calculation of density values for core Hesitancy Fuzzy Graph G (V,E):
0.225+0.225+O.15+0.15] 15

Membership Density D (G)=2
p Density D, (G) [ 0.3+0.3+0.2+0.2

Non-membership Density D_ (G)=2 0.3+0.3+03+0.3)
! 0.5+05+0.5+0.5
Hesitancy Density D, (G) _ 2[0.015—|—0.015—0—0.015—0—0.015] 03
‘ 0.1+0.1+0.1+0.1

Calculation of density values for Hesitancy Fuzzy Subgraph (H1): {V1, V4}

(0.225, 0.3, 0.015)
(0.6,0.3,0.1)V; @ ® V,(0.3,05,0.1)

Figure 2: Hesitancy Fuzzy Subgraph Hy

Membership Density D, (H,)= 2[%} -15

Non-membership Density D, (H,)= 2[%] =1.2

0.015] 03

Hesitancy Density D, (H,) = 2[ 01

Similarly, the density values of the other subgraphs are found by using the
definition (Definition 3.3) and it is shown in the below table (Table 1). Also from the
figure (Figure 1) it is noted that the subgraphs {V, V3} and {V2, V4} does not have an
edge. Therefore the density value is (0,0,0).

Table 1: Density values of Balanced Hesitancy Fuzzy Graph

Not Vertex
D, (G).D, (G),D, (G
ation Subgraph Set (D,(6).D,(G).D, (G))
225,03, 0,01
Hy 06,03,01v; 02040 gy 03050 (V1.V} (1.5,1.2,0.3)

(0.6,0.3,0.1)V,®

He oV;(0.4,05,01) {V1,V3} (0,0,0)

Hs (0.15, 0.3, 0.015)
(0.2,05,0.3)V;

(0.6,0.3, 0.1)V,
I {V1,V2} (1.5,1.2,0.3)
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V, (0.3,0.5,0.1)
H, I(o.zzs, 0.3, 0.015) {V2,Vs} (1.5,1.2,0.3)
V3 (0.4,0.5,0.1)
; eV, (03,0.5,0.1)
> {V2,V4} (0,0,0)
(0.2,0.5,0.3)V,®
(02,05,03)V; ® o \V;(0.4,05,01)
He ’ (0.15, 0.3, 0.015) ’ {V2,Vs} (1.5,1.2,0.3)
(06,03, 0.1)V; (0225,03,0015) 4y, (03,05,0.1)
H- (0.15,0.3, 00151 {V1,V2,V4} (1.5,1.2,0.3)
(02,0.5,03)V,
(06,03, 0.V,
0.15,03,0.015
He ( ) (VoVaVs) | (151.2,03)
(0.2,05,0.3)V,® ®V,(04,05,01)
(0.15,0.3,0.015)
(06,03, 0.V @ (0225,03,0015 gy, (03,05,0.)
Ho (0.225,0.3,0.015) {V1,V3,Va4} (1.5,1.2,0.3)
Vs (04, 05,0.)
V4 (03,05, 0.1)
Ho (0:225,03,0015) (Va,V3,Va) (1.5,1.2,0.3)
(02,0.5,03)V, ® OB oaoam V04050
(06,0.3,0.)V; (0.225,0.3,0015) V4 (03,05, 0.1)
Hiy (0.15,03,0.015) (0.225,03,0.015) ViV, Va3 Va} | (1.5,1.2,0.3)
(02, 0.5,03)V, 0503000 Vs (0.4, 05,0.1)

From the above table (Table 1), the density values of all the subgraphs are less than or
equal to the density values of the core graph. Therefore the graph (Figure 1) is said to be
a Balanced Hesitancy Fuzzy Graph.
3.6 Definition: Strictly Balanced Hesitancy Fuzzy Graph

A hesitancy fuzzy graph G=(V,E) is said to be strictly balanced if
D(H)<D(G), that is, D,(H)<D,(G), D (H)<D, (G) and D,(H)<D,(G) for all
subgraphs H of G.
3.7 Illustration: Strictly Balanced Hesitancy Fuzzy Graph

Let G(V, E) is a hesitancy fuzzy graph with the vertex set V = {Vl,VZ,VS} given by

V =(w. 7. 8;) and the
V xV :(/uzij’yzij’ﬂzu- ) For the following hesitancy fuzzy graph (Figure 3), the density

edge relation between them is given by with

values are tabulated (Table 2) as follows:
(0.6,0.3, 0.1)V;

(0.15, 0.3, 0.015) (0.3,0.3,0.015)

(0.2,0.5,0.3)V, V3 (0.4,0.5,0.1)

(0.15, 0.3, 0.015)
G

Figure 3: Strictly Balanced Hesitancy Fuzzy graph
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Table 2: Density values of Strictly Balanced Hesitancy Fuzzy Graphs

Notation Subgraph (D,, (G).D, (G).D, (G))

Hi {V,V2} (1.5,1.2,0.3)
H; {V1,V3} (1.5,1.2,0.3)
Hs {V,,V3} (1.5,1.2,0.3)
H, {V1,V2,V3} (1.5,1.2,0.3)

From the above table (Table 2), the density values of all the subgraphs are equal
to the density values of the core graph (Figure 3). Therefore the graph (Figure 3) is said
to be a Strictly Balanced Hesitancy Fuzzy Graph.

Based on the concept of completeness, the balanced notion of the hesitancy fuzzy
graphs is proved by the following theorem. Also illustration followed by the theorem
gives the validation for its proof.

3.8 Theorem:
Every complete hesitancy fuzzy graph is balanced.
Proof:
Let G=(V,E) be a complete HFG, then by the definition of complete HFG, we have

(v, 1Vj) = min(ful(vi)'/ﬁ(vj )); 72(Viavj) = max(y,(v;), 71(Vj)) s B, (v, ’Vj) = min(ﬂl(vi)lﬁl(vj))

for every v;,v, €V.

Now, the density of a hesitancy fuzzy graph (Definition 3.3) is defined as follows;
23" my(viuyy) 23" 7 (vy) 23" By (vivy)

D <G) _ V; Vv ev ViV ev ViV ev

Z (”1<Vi)/\“1<vj)) 1 Z (71(Vi)v71(vj)) | Z (51<Vi)/\ﬂl<vj))

(v;,vj)€eE (v;.vj)€eE (vi,vj)EE

From the definition of complete hesitancy fuzzy graph (Definition 2.8) the above
equation is written as follows;

2> (M(Vi)/\ﬂl(Vj>) 23" (71(Vi)v71(Vj)) 2> (ﬁl(vi)/\ﬂl<vj)>

B DA || DRy | PR ETIY
D(G)=(22,2)

Let H be a non empty subgraphs of G . In similar way, D(H) =(2,2,2) VH cG.
Thus, D(G)=D(H)=(2,2,2)
Thus G is balanced.

3.8 Illustration: Every complete hesitancy fuzzy graph is balanced
Let G(V,E)is a complete hesitancy fuzzy graph with the vertex set

V= {Vl’VZ’V3'V4} given by V = (Mi ) 71i!ﬂ1i)

where . :V —[0,1];7,:V —>[0,1]; £, :V —[0,1] denotes the degree of membership,
non-membership and hesitancy degree. Then edge relation between them is given by
with V XV =( 44,7y By ) Where foy VXV —[0,1]; Yoy 2V XV > [0,1];
B 'V xV —[0,1] denotes the edge relation of membership, non-membership and

hesitancy degree.
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(0.7,0.2, 0.1)V;

(0.4,

(0.4,0.1,0.1)V,

Figure 4: Complete Hesitancy Balanced Fuzzy Graph

(0.5,0.2,0.1)

0.2,0.1)

(0.4,0.2,0.1)

V, (0.5,0.2,0.2)

(0.4,0.2,0.2)

Vs (0.4, 0.2, 0.3)

Calculation of density values for core Hesitancy Fuzzy Graph G (V,E):
By using the definition (Definition 3.3), the density values of the above graph are
calculated. The density values of the graph G(V,E) is given by;

D(G)=(D, (6).D. (6),D, (G))

D(G) =(2,2,2)

The density values for the subgraphs are given in the below table (Table 3). And it is
noted that, the density values of all the subgraphs has the density value as (2,2,2).
Therefore it proves the above theorem and also the graph is said to be a complete
balanced hesitancy fuzzy graph.

Table 3: Density Values of Complete Hesitancy Balanced Fuzzy Graphs

Nota Vertex
tion Subgraph Set (D,(G6).D,(G).D,(G))
H; (0.7,02,0.1)V,@ (05,02,01) eV, (0.5,0.2,0.2) {V,V2} (2,2,2)
(0.7,02,01)V:8_
A4
0
H, <9, {V1,Vs} (2,2,2)
Vs (0.4,0.2,0.3)
(0.7,0.2, 0.1V,
Hs (0.4,0.2, 0.1{ (V1.V} (2,2,2)
(0.4,0.1,0.1)V,
V, (0.5, 0.2, 0.2)
H, I (0.4,0.2,0.2) {V2,V3} (2,2,2)
V3 (0.4, 0.2, 0.3)
V (0.5, 0.2, 0.2)
<
Hs Q.b”g?» {V2,V4} (2,2,2)
04,01,01)v,® S
He (0.4,01,0)v. ® ©a0z01)  © V(040203 {V3,Va} (2,2,2)
(05,0.2,0.1)
(0.7,0.2,0.1)v, ® oV, (0.5,0.2,0.2)
H, 1(0-4' 02,02 {V1,V2,Vs} (2,2,2)
V3 (0.4,0.2,0.3)
(0.7,0.2,0.1)V; (05,02,01) V5 (0.5,0.2,0.2)
Hs :0 5.00) {V1,V2,V4} (2,2,2)
(0.4,0.1, 0.1)V, (ke
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(0.7,02,0.1)V; 04,0, 0
H : — V1,V3V 2,2,2
9 (0.4,0.1, 0.1)V, Vs (04,02, 03) {V1,V3,Va} ( )
(0.4,0.2,0.1)
V; (05,0.2,0.2)
Hio 1(0.4, 0.2,0.2) (Vo,V3,V4) (2,2,2)
(0.4,01,01)V,@ ®V;(0.4,0.2,0.3)
(0.4,0.2,0.1)
(0.7,02,0.1)V: & @5.0209 V2 (05,0.2,0.2)
4 0,9
(04,02,0.1) N (04,02,02)
Hu o Z T {V1,V2,V3,Vs} (2,2,2)
<
0.4,0.,0.1)V, g Q™
( WVa 030200 Vs (0.4,0.2,0.3)

4. Self-Complimentary Hesitancy Fuzzy Graph:
4.1 Definition: Self-Complimentary Hesitancy Fuzzy Graph:
A hesitancy fuzzy graph G is self complementary if G =G.
4.2 Proposition:
Let G (V,E) with g :V —[0,1] and g, :V xV —[0,1] be a self-complimentary fuzzy

graph,. Then we have,

2 (b )= 32, mina )
vi,vjzev (72 (Vv ))z%wjzev max(yl(vi )7 (v, ))
WVIZEV (uz (v, )):%MZGV min(ﬁl(vi ), By (v, ))

Proof:
Let G (V,E) be a self complimentary fuzzy graph, then we have

V=Vie, j=u;%=my;0 =0 and
i =min (s (v ), (V) ) — 1,

T, + 11, :min(/ubl(vi )t (V; ))

24, = min(p,l(vi )i (V) ))

1y :%min(/vcl(vi ),ul<V,- ))

Similarly; Y2 = % max (71 (Vi ) (Vj ))

1 .
3, :Emln(ﬁl (v, )., (vj ))
4.3 Illustration: Self complimentary Hesitancy Fuzzy Graph:
Let G (V,E) be a hesitancy fuzzy graph with V ={V,V,,V,} given by
V =(g;,75.0;) and the edge relation between them is given by with

VxV = (ﬂzq  Vaijr P ) . Then G (V,E) is defined by using the definition (Definition 2.9):
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(08,0.2, 0.1V (0.8,0.2,0.1)V.

(0.35,0,0) (0.4,0.1,0) (0.35,0,0) (0.4,0.1,0)

(0.35,0.1,0) (0.35,0.1,0)

® V;(0.8,0.1,0) (0.7,0.2, 0)V, ®\/,(08,0.1,0)

(0.7,0.2, 0)V,

G G

Figure 5: Self Complementary Hesitancy Fuzzy Graph
By using the above proposition, we have

S (1 @v)=3 X (s@)rn (v)

uvevV uveE

1
0.4+0.35+0.35 =  (0.8+0.7+0.7)

1=1
S wa)=3 3 (v Wy )

1
0.1+0.140.1 = > (0.2+0.2+0.2)
03 =03

52 (8 V) =5 X (8)A5W)

uvev uvekE

1
0+0+0 = 2 (0+0+0)

Thatis G = G.

Therefore G is self complementary.
4.4 Theorem:

Every self-complimentary hesitancy fuzzy graph has density equal to 1.
Proof:

Let G(V,E) be the self-complimentary hesitancy fuzzy graph. Then we have

Il twv) =3 3 (m)n(v)

(vivj)€E
T3 T et
S b=} 2 faeat)
Also we have
Z /“LZ(VUVJ)
DN(G): vveV
3 (o DA (v;))
Z 'Yz(vuvj)
DW(G): Vi vy ev
Z ’71 /\’Yl<vj))
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> By(vy,)
Dﬁ (G) _9 Vi VeV

> (Bw)As(v))|

ViV eV

The density of a hesitancy fuzzy graph is given by,

D balvv) > %) AN

(Dﬂ (G),D, (G))’De(G>= 2 V_’VZ;\:(]M(VW\M(VJ-)) , V.;:(j%(vi)/\fyl(vj)) , V.;;'(ﬁl(vi)/\ﬁl(vj))
Vi,VZGVIuZ(Vi,Vj> vi,vZev%(Vi’vj) ViNZEVﬁz(Vij)
=2 ZZV v v,) ZZV 7, (vv,)’ 2ZV B, (v.v;)
_,t1l l]
2'2°2
—(112)

Hence proved
4.5 Illustration: Every Self-Complimentary Hesitancy Fuzzy Graph Has Density
EqualTo 1
For the graph defined below, the density values are calculated using the
definition (Definition 3.3). The values in the below table (Table 4) shows the graph is
self complementary hesitancy fuzzy graph with the density values be (1,1,1).

(08,01, 0.Vs (0.05, 0.2, 0.05)

V, (0.1, 0.4, 0.1)
(0.1, 0.2, 0.05) (0.05, 0.2, 0.05)

(0.2,0.4,0.1)V,

V3(0.2,0.4,0.2)

(0.1, 0.2, 0.05)

Figure 6: Self-Complementary Hesitancy Fuzzy Graph with Density (1,1,1)
Table 4: Self Complementary Balanced Hesitancy Fuzzy Graph with Density Value 1

Nota
tion Subgraph Vertex Set (Du (G).D, (G).D, (G))
H; (0.8,0.1,0.1)V; ® (005.02.009 4+, (01,04,01) {V,V2} (1,11)
(08,01,0.0)V18 (2, 2
H, M {Vl,V3} (1,1,1)
V3 (0.2,0.4,0.2)
(0.8,0.1,0.1)V;
Ha (0.1,0.2, 0.05)[ {V,V4} (1,1,1)
(0.2,0.4,0.1)V,
V,(0.1,0.4,0.1)
H, (0.05, 0.2, 0.05) {V2,V3} (1,1,1)
V;(0.2,04,0.2)
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H R V, (0.1,0.4,0.1)
5 .@f’/ {V2,Va} (1,1,1)
(0.2,0.4, 0.1)V,4
0.2,04,01)V,; @& ®
He ¢ Wi (0.1, 0.2, 0.05) V2(02,04,02) {V3,Vy} (1,11
0.8,0.1,0.1)V @ (005,02, 0.05) ¢ V,(0.1,04,0.1)
H, (0.05, 0.2, 0.05) {V1,V2,V3} (1,1,1)
V3 (0.7,0.3,0.2)
(0.8,0.1, 0.1)V; (0.05,0.2, 0.05) V,(0.1,0.4, 0.1)
H 09) V1,V V. 1,1,1
8 02,0401V, :@'05,0.2,0 {V1,V2,Va} ( )
(0.8,0.1,0.1)V; 04,0,
Ho < 0.05) {V1,V3,V4} (1L,11)
(0.2, 0.4, 0.1)V4 0102005 V3(0.2,0.4,0.2)
V, (0.1,0.4,0.1)
Huo (0.05, 0.2, 0.05) (V2,V3,Va) (1,1,1)
(0.2,04,0.1)V,® (0102.005) ®\/,(0.7,0.3,0.2)
(0.8,0.1, 0.1)V, % (005,02, 0.05) V,(0.1,04,0.1)
200
Hy (0.1,0.2, 0.05) >3 (0.05, 0.2, 0.05) {V1,V2,V3,V4} (1,1,1)
O
(0.2, 0.4, 0.1)V, Q0 01 02.005) V3(0.2,0.4,0.2)

5. Conclusion:

Through this paper, the Balanced Hesitancy Fuzzy graphs (BHFGs) is introduced

and studied briefly with the significant theoretical results. The concept of Hesitancy
Fuzzy Subgraph, Partial Hesitancy Fuzzy Subgraph and balanced extension of hesitancy
fuzzy graphs are developed. In addition to that, Self Complementary Hesitancy Fuzzy
Graphs (SCHFGs) is discussed and the special case where it has density (1, 1, 1) is
theoretically proved and verified with the proper illustration.
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