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1. Introduction

In numerous reasonable circumstances such as operation
management, networking and economical interpretation, the
graph-theoretical portrayals of the data have been discovered
to be more powerful and advantageous to manage the data
embedded among various articles, characteristics, choices.
The cerebration of fuzzy graphs put forward by Kaufmann [2]
grounded by the fuzzy relation [3]. The conceptual idea of
fuzzy vertex and fuzzy edge progressed by Rosenfeld [4]. An
intuitionistic fuzzy graph evolved from fuzzy graph, studied
by Parvathi et. al., [S]. Pythagorean fuzzy graphs general-
ized out of intuitionistic fuzzy graph [6] and the spherical
fuzzy graph acquainted by Akram et. al., [1]. In this paper,
spherical fuzzy subgraph, complete spherical fuzzy graph,
minimum and maximum degrees of spherical fuzzy graphs
are demonstrated. The effective degree, neighborhood de-
gree, closed neighborhood degree and their minimum and
maximum neighborhood degrees are also defined in spherical
fuzzy graph. The spherical regular fuzzy graph, the order and

their size of spherical fuzzy graph are elucidated with their
properties.

2. Preliminaries

Definition 2.1. [1] Let V be the non-empty set possess spheri-
cal fuzzy graph SFG is G = (P,Q), here P and Q are spherical
fuzzy set and spherical fuzzy relation on 'V in such

ag(p,q) < min{op(p),ap(q)};
Yo(p:q) < min{yp(p),¥r(q)};
Bo(p,q) < max{Bp(p),Br(q)}-

and 0 < 05(p,q) + Y5(p,q) + B5(p:q) <1Vp,q € V. The
spherical fuzzy vertex set P is of G and the spherical edge

set Q is of G. The insubstantial edge is Q(p,q) =0V (p,q)
€ VxV —E. The spherical fuzzy digraph has no symmetry
relation in G.

Example 2.2. [1] Let the vertex set V = {p,q,r,s} and the
edge set E = {pq,qr,rs,ps} in G* = (V,E). Take the spher-
ical fuzzy set P = (ap,¥p,Pp) in V and the spherical fuzzy
edge set in E C'V x 'V defined by

) = (0.6,0.5,0.3),
) =(0.7,0.3,0.6),
) =(0.3,0.8,0.4)
) = (0.6,0.4,0.5)

)



and
(ao(Pa), Yo(pPa), Bo(pq)) = (0.6,0.3,0.6),
(ao(ar), vo(qr), Bolgr)) = (0.2,0.3,0.6),
(ag(rs),vo(rs),Bo(rs)) = (0.3,0.4,0.5),
(ao(ps),o(ps), Bo(ps)) = (0.5,0.4,0.5).

Then, it is a spherical fuzzy graph.

Definition 2.3. [1] The spherical fuzzy graph G = (P,Q) is
defined on G* = (V,IE). The vertex degree of G is designated
by dg(p) = (da(p),dy(p),dp(p)) and the vertex degree of G
is elucidated as

dg(p) = (Zp2%0(P,q), ZarpYo(P:4), Zp2aBo(P,q)),
here ¥(p,q) € E.

3. Classification of degrees in SFG

Definition 3.1. Consider the spherical fuzzy graph G = (P, Q).
A spherical fuzzy graph H = (P/, Ql) is claimed to be spher-
ical fuzzy subgraph of G = (P,Q) if P C P and Q' C Q.
To be specifically, if ap(p) < ap(p); Yo(p) < yo(p) and
Bo(p) > Br(p). p(p.a) < ao(p,q): %p(p.q) < Yo(p.q)
and By(p,q) > Bo(p.q.) for each p,q € P.

Definition 3.2. A spherical fuzzy graph is complete if

O‘Q(Pv‘]):min{O‘P( ) ( )}
Bo(p.q) :max{ﬁP( ) ﬁP(Q)}

Example 3.3. Let the vertex set V.= {p,q,r} and the edge
set E ={pgq,qr,pr} in G* = (V,E). Take the spherical fuzzy
set P = (ap,Yp,Bp) in V and the spherical fuzzy edge set in
E CV xV defined by

(ar(p), 12(P): Br(p)) = (0.8,0.5,0.6),
(ar(q), ¥(9):Br(g)) = (0.2,0.3,0.7),
(ap(r), 7e(r), Br(r)) = (0.5,0.6,0.8)

and

(ao(Pq):v0(rq),Bo(pq)) = (0.2,0.3,0.7),
(ao(gr),vo(qr),Bolqr)) = (0.2,0.3,0.8),
(ao(pr), vo(pr), Bo(pr)) = (0.5,0.5,0.8).

Then, it is a complete SFG.

Definition 3.4. The minimum degree of SFG, G = (P,Q) is

designated 5(G) = (04(G), 8,(G), 65(G)) where,
60(G) = min{du(p)|p € P};
Oy(G) = min{dy(p)|p € P};
08(G) = min{dg(p)|p € P}.
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Definition 3.5. The maximum degree of SFG, G = (P,Q) is

designated as A(G) = (A (G),Ay(G),Ap(G)) where,
Aa(G) = max{da(p)|p € P};
Ay(G) = max{dy(p)|p € P};
85(G) = max{dy (p)|p € P}.

Example 3.6. Let the vertex set V.= {p,q,r,s} and the edge
set B = {pq,qr,rs,ps} in G* = (V,E). Take the spherical
Juzzy set P = (ap,yp,Bp) in V and the spherical fuzzy edge
setinlE CV xV defined by

=(0.7,0.4,0.6),
=(0.4,0.3,0.1),
=(0.6,0.7,0.1),
=(0.8,0.9,0.4).

and

(o(pq), Yo(pa), Bo(pq)) = (0.3,0.3,0.5),
(ag(qr), vo(qr), Bo(gr)) = (0.2,0.3,0.1),
(ag(rs),vo(rs), Bo(rs)) = (0.5,0.1,0.2),
(ao(ps), Yo(ps), Bo(ps)) = (0.4,0.3,0.3).

A~ ~ —~

Then, it is a SFG.

The minimum degree of SFG, G = (P,Q) discovered by the
Example (3.6) is 6(G) = (1.3,1.1,0.9).

The maximum degree of SFG, G = (P,Q) discovered by the
Example (3.6) is A(G) = (0.8,0.4,0.7).

Proposition 3.7. The sum of the degree of membership value,
abstinence value and the non-membership value of all vertices
in SFG is equal to twice the sum of the membership value,
abstinence value and the non-membership value of all edges
in SFG respectively. To be specifically,

Xd(p) = (Xda(p),xdy(p), Xdg(p)) =

(25, 4400(P,49), 2244 Y0(P:4), 2Zp24Bo (P, q)]-

Proposition 3.8. In SFG has p vertices and its maximum
degree of any vertex is p— 1.

Proposition 3.9. A complete SFG must have at least one pair
of vertices of G whose a,—degrees are identical and at least
one pair of vertices of G whose B and y-degrees are identical.

Definition 3.10. The edge ¢ = (p,q) of G =
is called an effective edge of G is defined as

(P,Q) be a SFG

ag(p,q) = min{ap(p),ap(q)};
Yo(p,q) = min{ye(p),vr(q)};
Bo(p,q) = max{Bp(p),Br(q)}-

Example 3.11. In Example (3.6), an edge cd is an effective
edge of SFG.



Definition 3.12. The effective degree of a vertex p of SFG,
G = (P,Q) is elucidated by d ¢ (p) = (ds, (p),ds,(p),dsy (P))
YV p €&, here dg,(p) is the sum of the ot—values of the effec-
tive edges of SFG incident with p, dg,(p) is the sum of the
Y—values of the effective edges of SFG incident with p and
dgﬁ (p) is the sum of the B—values of the effective edges of
SKG incident with p.

Definition 3.13. The minimum effective degree of G = (P, Q)
ina SFG is elucidated by 65 (G) = (8¢, (G), 65,(G), 64, (G))

where,
95,(G) = min{dg, (p)|p € P};
05,(G) = min{ds,(p)|p € P};
b5, (G) = min{dg (p)|p € P}.

Definition 3.14. The maximum effective degree of G = (P, Q)
ina SFG is elucidated by Ag (G) = (Ag, (G),Ag, (G), Ag, (G))
where,

As,(G) = max{ds,(p)|p € P};

86,(G) = max{dg,(p)|p € P);

A, (G) = max{dg, (p)|p € P}.
Example 3.15. In Example (3.6),
ds(p) = (0,0,0)
ds(q) = (0,0,0)
dg(r) =1(0.6,0.7,0.4)
deg(s)=1(0.6,0.7,0.4)
55(G) = (0,0,0)
As(G) =(0.6,0.7,0.4)

Definition 3.16. The neighborhood of any vertex p in G =
(P,Q) of aSFG is elucidated as N(p) = (No(p),Ny(p),Ng (p))

where,
No(p) ={q € P:og(p.q) = ar(p) Nar(q)};
Ny(p) ={q<€P:v(p,q) =7e(p) Nve(q)};
Ng(p) ={q € P:Bo(p,q) = Br(p) NBr(q)}

and N|p]
D.

= N(p)Up is called the closed neighbourhood of

Definition 3.17. The neighborhood degree of a vertex in G =
(P,Q) of a SFG is elucidated as

dy(p)=(dya(p),dry(p).dyp(p))
where,
d 4o (P) = Zpe v (pyor(p);
d s, (P) = Zpen (n)YP(P);
A1 () = Zpe y () Br(p).

Definition 3.18. The minimum neighborhood degree of G =
(P,Q) in a SFG is elucidated as
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8.4 (G) = (6.4,(G),6.4,(G), 6.4 (G))
where,
0.4, (G) = Md ra(p)lp € P},
6.4,(G) = Nd 4,(p)lp € P},
6,4 3(G) = Md.y;(p)lp € P}.

Definition 3.19. The maximum neighborhood degree of G =
(P,Q) in a SFG is elucidated as

Ay (G) = (A4, (G), A4 (G),A 4 (G))
where,
A,/Voc(G) = \/{df/l/oc(p”p € P}:
A vy(G) =V{d yy(p)|p € P},
A yg(G) =V{d y5(p)lp € P}.

Example 3.20. In Example (3.3),

dy(p)=(0.7,09,1.5)
dy(q)=(13,1.1,1.4)
dy(r)=(1.0,0.8,1.3)
8.4 (G) = (0.7,0.8,1.3)
Ay (G)=(13,1.1,1.5)

Definition 3.21. The closed neighborhood degree of a vertex
pof G=(P,Q) in a SFG is elucidated as

d v [pl=(d valpl,d vylp],d » 5Pl

where,

p(q) +ap(p),
:ZqE/Vp ( )+’J/P(p)7
Zger (p)Br(a) + Br(p).

Definition 3.22. The minimum closed neighborhood degree

d_yold]
dﬂy[a]
d yplal =

=Zger (p)

of G = (P,Q) in a SFG is elucidated as
8.1 [G] = (8.4, [G], 6.4 ¥[G], 6.4 B[G])
where,
6.4,[Cl = Md.ra(p)lp € P}

8.4, [G] = Md.ry(p)|p € P}
8.44(G] = "{dyp(p)Ip € P}.

Definition 3.23. The maximum neighborhood degree of G =
(P,Q) in a SFG is elucidated as

Ay (G) = (A4, (G), A4 (G), A4 (G))
where,
A ya(G)=V{dya(p)lp € P},
A yy(G) = V{d yy(p)|p € P},
A yp(G)=V{d yp(p)|p € P}.



4. Regular Spherical Fuzzy Graph

Definition 4.1. Regular of a SFG, G = (P, Q) is defined by all
the vertices have the same closed neighborhood degree. To be
specifically, 8 4 (00)[G] = Ay (a)[G]; 8. (7)[G] =A» (v)[G];
8.y (B)IG] = A (B)[G].
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6. Conclusion

In the present study, grasped some contemporary concepts

of spherical fuzzy graphs which is the addendum of intuitionis-
tic, Pythagorean and picture fuzzy graphs. Considerably more
work should be possible to explore the structure of spherical

fuzzy graphs. It is much convenient in the application field

Example 4.2. In Example (3.3),

such as pattern recognition, decision making and network

analysis.

dy[p = (1.5,1.4,2.1),
dylgl=(1514,2.1),
dy[r]=(15,14,2.1)

which implies

84 [G]=(15,1.4,2.1),
Ay [G] = (1.5,1.4,2.1).

Proposition 4.3. Every spherical complete fuzzy graph in G
is spherical regular fuzzy graph.

Proof. Let SFG, G = (P, Q) has completeness implies closed
neighborhood degree are elucidated in Definition (3.2) and
in Definition (3.21) respectively. This leads to every vertex
of a minimum and maximum closed neighborhood degree
are equal in G. To be specifically, 8 » (a)[G] = A 4 () [G];

8. (N[G]=Ay (7)[G]: 6.4 (B)[G] = Ay (B)[G]. This tends
to G is spherical regular fuzzy graph. Hence the proof. O

5. Elucidation of Order and Size in SFG

Definition 5.1. The order of SFG, G is elucidated by ©(G) =
(0a(G),04(G),05(G)) where

Ou(G) = Zperor(p),
0y(G) =Eperre(p),
05(G) =ZpepBr(p)-

Definition 5.2. The size of SFG, G is elucidated by Q(G) =
(‘QOC (G) ’ Q"Y(G)7 'Q'ﬁ (G)) where

Qg (G) = Ep#qQQ (p7 Q)v
Qy(G) =Zp2eY0(P:q),
Qﬁ (G) = zp#qﬁQ(paQ)~

Example 5.3. In Example (3.3), O(G) = (1.5,1.4,2.1);
Q(G) = (0.9,1.4,2.3).

Proposition 5.4. Every vertex of a closed neighborhood de-
gree of a complete SFG has same order in G. To be specifi-
cally, ©q(G) = (dna[p] : p € P); ©y(G) = (dny[p] : p € P);
Op(G) = (dnplp] : p € P).
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