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ABSTRACT:

The graph G1,G2,G3,G4,Gs and Gs Which is defined by the direct sum of six fully
graphs G1DGPG:PGC1PGsPGs .This is also proved the effective values .The
degree of the vertices is GiPGPGC:;PC1PGCsPGs is calculated with the
establishment of the regular property and the connectedness of the direct sum of six
fuzzy graphs.
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1.INTRODUCTION

The concept of fuzzy graphs was established by A.Rosenfeld in 1975[6]. Mordeson
J.N and Peng . S[2] were developed some operations on fuzzy graphs. Further
Bhattacharya [1] discussed about the remarks of fuzzy graphs . Also, Dr.k. Radha
and Mrs. Arumukam [7] asserted the connectedness and regular properties of direct
sum of two fuzzy graphs. Similarly, the direct sum of two fuzzy graphs was extended
to three fuzzy graphs in T. Henson and N.Devi [3].

By using numerical example, can be calculated the direct sum of six fuzzy graphs
with the degree of nodes. In this whole article V is a fuzzy subset of ¢ and u is a
symmetric fuzzy relation on o was represented. In addition, also, with the help of
numerical example direct sum six fuzzy graphs of Regularness, Connectedness, and

Effectiveness of six fuzzy graphs were checked in this paper below.
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2. PRELIMINARIES

2.1.Definition

The valency of is x defined as dG (x)
= Yxzyl(x,y), and if each vertex with same degree K, and if dG(x)
= K for every x and y then the graph is said to be a regular fuzzy graph

of degree K [6].
2. 2. Definition

If every pair of vertices is connected by an edge then the graph is a connected fuzzy
graph [6].

3. Direct sum

Let Gl : (0_1 :I-ll)’ G2 : (0-2! |J-2)1 G3 : (0_3' Hs)’ G4 : (0_4-' IJ'4)1 G5 : (0-51 MS) and GG :
(0e, Ug) denote six fuzzy graphs with underlying crisp G1*:(V1,E1), G2*:(V2, E2),Gs*:
(V3,E3), Ga*: (Vy, E4), Gs*:(Vs Es) and Ge*: (Ve Es) respectively

Let V=Vi1UV2UV3UV4UV5UVs
E= E1UE2UESUE4UEsUESs
Define: Gl@ Gz@ G3G§G4®G5@ G6 =G (O' ,ﬂ) by

o 1(X1) if X€V1
62(X2) if XeVo
(0] (X) = < 63(X3) if X€V3
G4(X4) if X€V4

05(X5) if X€V5

\ 06(X6) if XeVg
01(X1) Uoz (X2) Uas (X3) Uas (Xa) Uas (Xs5) Uaes (Xs)
If Xxe V:UV2UV3UV4UVs5UVe
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H1(E1) < min (o1) where 61 € V1
U2 (E2) < min (o2) where 62 € V2
u(E) = Us (E3) < min (o3) where 63€V3
Uza (E4) < min (o4) where 64€V4

Us (Es) < min (o5) where o5€Vs

Us (Es) < min (o6) where 66€Vs

Therefore, G1i®G2PG3BCGADC5PG6=G (o,u) is the direct sum of six fuzzy
graphs.

Example: 1
X(0.3)
X1(0.6) ° 2
®
0.4
0.3
X3(0.7)
o
Xl (0'5) (Gl) (Gz)
X5(0.8) X(0.7)
o Xi06)
0.4
0.6 0.2 0.3
X1(0.5) X(03)
X3(0.7) G, Ga

JETIR2303398 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d800


http://www.jetir.org/

© 2023 JETIR March 2023, Volume 10, Issue 3 www.jetir.org (ISSN-2349-5162)

X3(0.7)
X2 (0.5) 0.4
°
o ® X6(0.1)
0.2
Ge
X1(0.4) Gs
°
X, (0.5) 0.3 X1(0.6) 0.4 X (0.8)
0.2
0.4 0.2
0.6
Xe(0.1) X4(0.3) 0.4 X3(0.7)
( G1BG.DGC:PCPGsPGe) Direct sum of six connected fuzzy
graphs valency of node
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Example: 2
X3(0.3)
X1(0.7)
0.5
0.4
X1(0.7) ®
X4(0.1)
G, G, X4(0.4)
X6(0.5)
0.2
0.3 0.5
X2(0.6) @ o X(07)
Gs;
Xs(0.3) Gs X1(0.5)
0.2 0.3 0.2 X»(0.5)
X2(0.5) () ] X5(O.2) X3(0.4) ._/./_.
X4(0.4)
Gs Gs
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0.5 0.5 0.3
0.6
03 0.2
X3(0.5) o
X4(0.4) X(0.6) Xs5(0.3)
(C1DGDG3DG4DGsbGe)

4. The Direct sum of six fuzzy Graphs in the valency of nodes :

Theorem:

Find the valency of nodes in the direct sum of six fuzzy graphs in term of the

valency of the node in G1, G, G3 G4, Gsand Gg is given by
L D (X), If Xe vq
Dea2 (X), If Xe vz
Dc1®c2PcsPesPcsBes (X) = Das (X), If Xe v3

< Dea (X), if Xe vy

DG5 (X), If xe V5

DGG (X), If xe Vs

N

Dei1 (X)+De2 (X)+D 63 (X)+D 64 (X)+Des(X)+D cs(X).
If Xe ViNV2nVanVanVsnVe and EiNE; NEzNEsNEsNEeg= .
Proof:
In G1DGPG:DC1PGsP G, for any vertex we have two cases,
Case (i) :
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If Xe V10r Xe V2 or xe V3 or xe V4 or Xe Vs or Xe Vs then the edge incident at
‘x’ liesin EiINE>NEzNEs N Esn Es.

4 M1 (X y) if xe V1 xyeE;
M2 (X V) if xe V2 xyeE>
Mz (X V) if Xxe V3 XyeEs

(M1D LD 3D HaD HsDe) (E) :< Ha (X Y) if Xe V4, XyeE4
Ms (X y) if Xe Vs XyeEs

He (X V) if Xe Vs XyeEg

Hence,

If XeV1 then DG1®G®GsBGsBGsBGs (X) = Y11 (Er) = DGy (X)
If xeV> then DG,BG,DGC:BGBGsDGs (X) =Xz, M (E2) = DG; (X)
If XeV3 then DGDG,BG:DGCPCsDGCs (X) =X g3 H (E3) = DG; (X)
If xeV4 then DGBG,DGC:DCsBCsBGs (X) =X 54 1 (E4) = DG4 (X)
If XeVs then DGLDG,BG:DCPGsBGCs (X) =Xz 1 (Es) = DGs (X)
If XeVe then DGLDG,BG:DCDGsBGs (X) =¥ ¢ 1 (Es) = DGs (X)
Case (ii) :

If xe ViNV2NV3NViNVsNVg then there is no incidentto x on EINE>NEsNEs N
Esn Egbut it lies in E;or E; or Ezor E4 0r Es or Eg.

Hence,
The valency of X in G1®GDG3BGC1DG:sDGe is given by
DG1PGPGC3PC1PGCsDGe (X) =D (1P 2P Uz B u1®@ us® us)(E)
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=Xg1 W(E1) + 22 M(E2) + 23 W(Es) +2 4 W(E4) + X5 U(Es) + Zge U(Es)

= De1(X) + Dg2 (X) + Dgs (X) + Dgs (X) +Dgs (X) +Des (X).

Example:
y2(0.7)
0.1
o X1(0.5)

0.2 X3(0.4)

X1(0.4) X2(0.3) 0.3

®
G G2
Y4(0.8)
X1(0.6) 0.3 y1(0.5)
0 6 0-4
®
Gs
X2(07) Ga X1(04)
X3(0.5) x1(0.6) Y1(0.4)
0.2 Y,(0.7)
0.2
0.2
0.1
X2(0.1)
Y2(03) Gs Gg
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y1(0.5) 0.3 x1(0.6) 0.3 y3(0.3)

0.2

X3(0.5)

X2(07)

(C1DG2BG:PGC1DGsDGe) Direct sum of six fuzzy graphs in the
valency of nodes

The valency of the node in G:®G.BG:BGsDGsDGs is as follows.
DGDGDGDGC,DGsDGs (X1) =0,2+0.1+0.3+0.4+0.3=1.3
DG1DG,DC:DC,DCsDCs (X2) =0.3+0.6+0.1=1
DG ®GBGPGPGCsDGes (X3) = 0.1 +0.2=0.3
DG ®GBG:PGDGCDGe (y1) = 0.3 +0.2=0.5
DG DG BG:BGDCsDGs (y2) =0.2+0.2+0.1 =05
DG ®GBG:PGDGCsDGe (ys) = 0.2 + 0.3=0.5
DG,DG,DGC:DGC,DGCsDCs (Y5) =0.6 + 0.4 =1
Now,
DG1DG2DG3DG4DGsDGs (X1)
=DG; (X1) + DGz (X1) + DG3 (X1) + DG4 (X1) +DGs (X1) +DGe (X1)
= 0.2+0.1+0.3+0.4+03
=1.3
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DG1DGBG:BG4DGsBGs (X2) = DG4 (X,) = 0.6
DG1®G2PG3BGBGsDGs (X3) = DG, (X3) = 0.4
DG1®GDG3BGDGCsDGs (Y1) = DG3 (Y1) = 0.3
DG1DG:BG:DG4BGsBGs (Y7) = DG (Y5) = 0.2
DG1DGBG:BG4DGsBGs (Y3) = DGs (Y3) = 0.5
DG1DGBG:DGsBGs®Gs (Ya) = DG4 (Ya) = 1

DG1DG:BG:DG4BGsBGs (Y1) = DGs (Y1) = 0.2
DG1DGBG:BG4DGsBGs (Y2) = DGs (Y2) = 0.3
DG1®G2DC3BGBGsBGs (Y) = DGs (Y3) = 0.5

Hence the degree of nodes is verified by the direct sum of six fuzzy graphs.

5.Direct sum of six connected fuzzy graphs:

Theorem:

If Ga: (01, M), G2 (02, 12), Gs! (03, 13), Cal (04, 14), Cs: (05, 15) Ge: (T6, )
are six connected fuzzy graphs with underlying crisp graphs G:* ( oy, 1),
Go*:(ay, Uy), Gs*: (03, U3), Ga*:(04, 1s), Gs*:(og, us) Ge*:(0g, Lg) respectively such

that

EiNE;NEsNEsNEsNEg = @, ViNV3 = @, VonNVae = @, ViNVs = ©, ViunVe #* @ then
their direct sum G1G.PG:DGC1PGsPGs :(o,u) is connected fuzzy graphs.

Proof:

Let,

G1: (o1, W1) is a connected fuzzy graph, u°(E1) >0
Ga: (o2, M2) Is a connected fuzzy graph, u3° (Ez) >0
Gs: (o3, U3) is a connected fuzzy graph, p3’ (Es) >0
Ga: (o4, Wa) is a connected fuzzy graph, pug’ (E4) >0
Gs: (o5, Us) iIs a connected fuzzy graph, ug’ (Es) >0

JETIR2303398

| Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d807


http://www.jetir.org/

© 2023 JETIR March 2023, Volume 10, Issue 3 www.jetir.org (ISSN-2349-5162)

Ges: (o6, Us) IS @ connected fuzzy graph, pg’ (Es) >0
Then, VinVsz = @, VonVy # @, VanNVs # @, VNV = @

At least one vertex in ViNV3, one vertex in Vo2NVy  one vertex in VsNVs one
vertex in VaNVes and no edges in EINExNEsNEsNEsN Es,

Two vertices exist a path
G1DGDG:DG1DGC:sDGs : (o,1) , that is
N G1DGDG:DGC4DGsDGe: (E)>0.
Which implies that G1®GDG3DGsDGsDGs : (o,u) is connected .
Example:

If G1:(01,11), Ga:(o2,12), G3:(o3,U3), Ga:(ca,14), Gs:(os,Us), and Ge:(ce,He) are six
connected fuzzy graphs ,with

N(ViNV3)=1and N(V2nV4) =1
Then G1BGPG:PGC1PGsPGs : (o,1) is the connected fuzzy graphs.
Solution:

Consider the direct sum of six connected fuzzy graphs

0.2
X1(0.5) X>(0.4) Xs(0.7) 0.2 Xs(0.5)
0.2 0.2 0.2 0.2
X3(0.6) X7(0.3) Xs(0.4)
0.2 X4(0.7) 0.2
G1 Gz

JETIR2303398 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d808


http://www.jetir.org/

© 2023 JETIR March 2023, Volume 10, Issue 3

www.jetir.org (ISSN-2349-5162)

X3(0.4)
Xs(0.7
5(0.7) o 0.2
. 06
0.2
G; Ga X6(0.6)
X1(0.8 0.2 X2(0.7) X-(0.7) 0.2 Xs(0.6)
0.2 0.2
0.2
0.2
0.2
Xs(0.3) X6(0.6) X3(0.4) 0.2 X4(0.5)
Gs GG
X1(0.8)
X2(0.7)
0.2
0.2
X3(0.6) X4(0.7)

0.2

G1BGPGC:DC1PGsPGe Direct sum of six connected fuzzy graphs
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6.Regular fuzzy graphs on six direct sums:
Theorem:;

If Gi: (o1,M1),G2:(02,12),G3:(03,U3),Ga:(04,Ma),Gs:(05,U5) and  Ge:(os,Us) are
regular fuzzy graphs with degrees Kki,kokska,ks and ke respectively and
ViNV2NV3NVaNVsNVg # @ then GG DG DG, DGCsDGs - (G,M) 1S regular if and
only if Ki= K= Ksz= Ks=Ks= Kg.

Proof :
Let Gi: (o1, M1) be a ki-regular fuzzy graph

G2: (o2, U2) be a kp-regular fuzzy graph

Ga: (o3, M3) be a ks-regular fuzzy graph

Ga: (o4, Ha) be a ks-regular fuzzy graph

Gs: (os, Us) be a ks-regular fuzzy graph

Gs: (o6, Us) be a ke-regular fuzzy graph
Let us consider G1®GPG:PG1DGsPGs : (o,u) is regular.
We know that,
Dgi1(X) , if xeV1
Dg2(X) , if XeV>
Dc1® 623 cDacsBas (X) = Da3(X) , if X €V3
Dga(X) , if XeV4
Des(X) , if XeVs

DGG(X) , if XeVg

Dg1(X) + Dea(X) + Da3(X) + Daa (X) + Das (X) + Das (X),
If xe ViNnV2NV3NVaNVsNVe and

EiNE>NEsNEsNEsNEg = ©
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Since V1NV2NnV3iNViNVsnNVg # @

Dc1Dc2D e3P cs®csDas (X) =

|

Dgi1(X) = kg, If xeV1
Dg2(X) = Ka,if XeV>
Des(X) = ks,if xeV3

Dga(X) = Ka,If XxeV4
Des(X) = Ks,If xeVs
Dce(X) = K, If XeVe

Since G1PGPG:PDGCsDGsDGs : (o,u) is regular
So, we conclude that ky = ko = k3= ks = ks = kg

converse part

Consider ki=ky=ks=ks=ks=ks =k (say)

Then k- regular fuzzy

graphs be G Gy G; Gs Gs

such that V1NV2NV3NViNVsNVe # O .

Then the valency node in the direct sum is given by

Dc1®c2PczPcs®csDas (X) =

Dci(X) =k, if xeV;
De2(X) = Kk, If XeV>
Des(X) =k, if XeV3
Dca(X) =k, if XeVq
Des(X) = Kk, If XeVs
Dces(X) = Kk, If XeVs

JETIR2303398 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | d8ll

Ge


http://www.jetir.org/

© 2023 JETIR March 2023, Volume 10, Issue 3 www.jetir.org (ISSN-2349-5162)

There fore, the degree of direct sum of six fuzzy graphs is K.

Hence G1DGDG:DG4DGsDGe : (o,1) 1s regular.,

X1(0.5) 0.4 X(0.4)
Xs(0.7) 0.4 X6(0.5)
0.4 b g
0.4 0.4 0.4
0.4
[ o
X7(0.3) 0.4 X4(0.4)
X3(0.6) 0.4 X4(0.7) G2
G:
X2(0.6)
X1(0.4)
0.4 04 0.4
e
X4(0.6) 0.4 Xs(0.6) (N X3(0.6)
Xs(0.7) 0.4 X6(0.5)
X»(0.6) 0.4 X3(0.6)
0.4 o @
0.4
X,(0.3) 04  Xs(0.4) (Ge)
(Gs)
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X1(0.5) 0.4 X2(0.4)
®
0.4 X5(0.6)
®
X3(0.6) 0.4 X4(0.7)
G1DGPGC3PDC1PGsPGe Direct sum of six regular fuzzy graphs

Conclusion:

We conclude that , the valency of nodes for the direct sum of six fuzzy graphs is
proposed by the formulas and the regular, connected and effective fuzzy graphs are
verified with the characteristic of the direct sum with an example. In future this work
can be taken as next stage like the direct sum of six, seven etc., and this direct sum
was applicable to the traffic light signals and the roadways.
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