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Abstract

In this paper, the direct sum G4 @ Gg D G D G of four intuitionistic fuzzy graphs (IFGs)
Gu,Gg,Gc and Gp is defined. The Direct sum of regular,connected and effective IFG are also
investigated. The degree of the vertices in G4 @ Gz D G @ Gp of the IFGs Gy, Gy, GcandGp is
calculated.

Key Words: Fuzzy graph, direct sum, IFG, degree of vertices in IFG, regular IFG, connected IFG
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1 Introduction

Azriel Rosenfeld introduced the concept of fussy graph theory in 1975. Dr.K. Radha
and Mr.S.Arumugam were defined the direct sum of two fuzzy graphs. K.T.Atanassor
introduced the concept of intuitionistic fuzzy graphs. R.Parvathi and M.G.Karunambigai gave
the definition of intuitionistic fuzzy graph(IFG). A.Nagoorgani and S.Shajitha Begum
defined the various types of degree of vertices in intuitionistic fuzzy graph.Dr.S.Karthikeyan
and Mrs.K.Lakshmi defined the direct sum of two IFG. KR.Balasubramanian, K.Sakthivel
and N.Arul Pandiyan defined the direct sum of three IFG.

Definition 1.1 An Intuitionistic Fuzzy Graph is of the form G=(V,E), where
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()V=vy,Vy,.....Vy such that p:V—[0,1] and y1:V—[0,1] denote the degree of
membership and non-membership of element v;eV respectively and 0<py (vi)+y1 (vi)<1, for
every vieV(i=1,2,3,...,n).

(I)EcVxV where pp:VxV—[0,1] and y,:V*xV—[0,1] are such that
tz (Vi,vj)= min[pg (Vi),pa (V)] vz (Vi vi)<max[y1(Vi),y1(vj)] and 0<po (Vi,vj)+y2 (Vi,vj<I1 for every
(Vi,Vj)EV.
Here the triple (vi,uii,y1;) denotes the degree of membership and degree of non-
membership of the vertex v;. The triple (ejj,u2i,y2i;) denotes the degree of membership and
degree of non-membership of the edge ejj=(vi,v;) on V.

2 Directsum G, @ Gg D G D Gp

Definition 2.1 Let Gu: [(v;, M1ia V1ia)s (€ijs H2ija V2ija)] » G [(Vi, taig, Vaig): (€ijs Haij» V2ijB)]:
Ge: [(Vi, Maic Y1ic) (€ijy Maijer Yaije)] and Gp: [(Vy, paips Y1ip)» (€4, Maijp, Y2ijp)] denote four IFGs
with underlying crisp graphs G,: (V4,E1) , Gg: (V5, E3), G¢: (V3, E3) and Gp: (Vy, E4) respectively. Let
veVyuW,uVzuV,andletE = {uv/u,v € V,uv € E; oruv € E, or uv€ Ez oruv € E, }

(H14,¥14) if uel;
!(.ulele) if uel,
(11, v1) (W) = { (e Vic) if uels
l(#w']/w) if uel,
((maV gV iac Vi), iaAvie AVic Avip)) if veVinl,nlsn,

and

(U1a(W) A p14(W), Y14(W) V ¥14(V)) if uvek;
(W) A pyp(v), v1e(W) V ¥15(V)) if uvek,
(U1c (W) A p1c(V), Y1c (W) VY1c (V) if uveeE;
(UpW) App @), yip(W Vyip(v))  if uv €k,

(U2, v2)(uv) <

Therefore G is called the direct sum of four IFGs Gy, Gg, G and Gp,.

Example 2.2 The following figure shows the direct sum Gp @ Gg @ G @ Gp of three
intuitionistic fuzzy graphs Gu, Gg, G¢c and Gp which have distinct edge set.

u,(0.2,0.36) (0.2,0.5) u,(0.3,0.4) us(0.4,0.2) (0.3,0.2) u,(0.5,0.3)
. 3&3 - \:éé
Gy Gg
Figure 1:
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u1(0.6,0.3) o

u,(0.6,0.3)
-

(0.1,0.2) (0.1,0.4) (0.6,0.2)
£ M .
u.{0.1,0.2 us{0.2,0.7) uef0.7,0.1)
Ga Ge
(0.4,0.2) U{0.6,0.3) (0.3,0.3)
u.(0.4,0.2) * - o U2(0:3.0.4)
(0.6,0.3)
(0.1,0.3)
2
5 o
us(0.2,0.7) ua(0.1,0.3] us(0.7,0.1)

Ga® Ga® Ge

Figure 2

Example 2.3 The following figure shows the direct sumG, @ Gg @ G @D Gp of four
intuitionistic fuzzy graphs G,, Gg, G¢c and Gp which edge set are not disjoint.

. ua(0.2,0.2)

(0.2,0.2)

u={0.4,0.5)

u:{0.4,0.4)
.
0
(0.3,0.5) 1,(0.7,0.2
(0.3,0.3) {0.1,0.3)
- -
Us(0.3,0.45 (0.1,0.4) Us(0.1:0.6)
Gy Gg
Figure 3
w2{0.2,0.7) - { 0.2,0.7) . us{0.7,0.2}
LY
. =
w(0.4,0.4) {(0.4,0.4) uL(0.7,0.2)
o )
{0.4.0.3) (0.6,0.2)

Gat= Ge & Sc

Figure 4

us{0.7,0.2)
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3 Direct sum of four regular IFGs

Definition 3.1 If the four graphs Ga: (v, Wiias Y1ia)s (€ij Mzijar Y2ija)) »

Gg: ((Vi, Maig Y1iB)» (€1 Maijs Yzije))s Get (Vi Haic Y1ic), (€ijy Haijc, Yaijc)) @nd

Gp: [(Vi, M1ip» Y1iD)» (€ij Maijp, Y2ijp)] are four regular intuitionistic fuzzy graphs then their
direct sum G, @ Gg @ G¢ @ Gp need not be a regular intuitionistic fuzzy graph.

Example 3.2 Following figure is the direct sum of four regular IFGs.

a,(0.3,0.5) b,(0.4,0.4)
.

.

(0.2,0.) (0.2,0.4) (0.2,0.3) (0.1,0.4)
a; (6:7,0.4)

(040770 r(o\snsy\ /@5_5}
(0.1,0.5) 0.3,01) (0.4,0.6) . (0.1,0.2)
o

As(0.6,0.1) % b3(0.7,0.1)
Gs
Ga .
U40.2,0.6 u0.3,03) *
(0.2,0.5) (0.1,0.5) .3,0. (0.2,0.2)

us(0.3,0 4}‘ %’Z(o.z,o.a} = v2(0.3,0.2)
(0.3,0.4) (0.2,0.2) .2,0. (0.1,0.3)
Ge
Figure 5

@),
ua{0.2,0.6)
{0.2,0.5}/\ (0.2,0.6)
us(0.4,0.5) o, u2{0.2,0.3)
gy
(0.2,0.6) {0.2,0.3)
a:(0.3,0.5) b:(0.4,0.4)
az(o.z,w.s_ .4,0. @w
.- /-\ /{{%.10.5;
mg&; {0.5,0.2) (0.5,0.2) = (0.1,0.5)
As(0.5,0.1) b2(0.7,0.1)
(0.5,0.3} {0.3,0.2)
Vi(0.5,0.3) 50 T4 va(0.3,0.2)
{0.2,0.4) 0.2,0.4)
V:(0.2,0.4)

Figure 6
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4 Direct sum of four connected IFGs

Definition 4.1 If the four graphs GA: ((Vi, uliA'Y1iA)J (ei]-, IJ-Zi]'AJYZi]'A)) ,

Gg: ((vi, l1iB, Y1iB) (€, M2ijB, Y2ije)): Ge: (Vi i Yaic), (€ijy Kaije Yaijc)) and

Gp: [(Vi, lips Y1ip)» (€ij Maijp, Y2ijp)] are four disconnected intuitionistic fuzzy graphs then their

direct sum G, @D Gg @ G P Gp can be a connected intuitionistic fuzzy graph.

Example 4.2 The following figure shows the direct sum of four disconnected IFG.

uy(05,0.1)  (0.2,05) uz(0.3,0.6) u1(0.6,0.2) . u_—.(D.d,D.Z}.
s o
(0.6,0.1) (0.1,0.1)
% 9
us(0.6,0.1) (0.3,0.2) Uu4(0.4,0.3) us(05,0.1) U4(0.2,0.2)
&
Gy Gg .
us(0.7,0.1) 5(0.3,0.1) 5(0.1,0.5) us(0.1,0.3)
. .
(0.2,0.3) {0.3,0.2) (0.1,0.4) {0.1,0.2)
’J
5(0.3,0.3) 'a, uz0.4,0. 2} 5(0.5,0. 1}wf u7{0.3,0.2)
Ge Gp
u1{0.6,0.1) (0.2,0.1) u(0.3,0.1)
(0.3,0.2)
us(0.5,0.1) & s U 0.40.2)
(0.3,0.1) (0.3,0.2)
Us(0.7,0.1) u7(0.4,0.2)
. "
(05,0.1) (0.3,0.2)
(0.2,0.1) Y
Lr wand
u,(0.6,0.1) G,GaG, u,(0.4,0.2)
Figure 7
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5 Direct Sum Of Four Effective Intuitionistic Fuzzy Graphs

Definition 5.1 An intuitionistic fuzzy graph G is an effective intuitionistic fuzzy graph if

Mz (uv) = g (W) A gy (V)andy, (uv) = y; (W) Ay1(v)

forallu,v € E.

Example 5.2
u(0.3,0.1)  (0.3,01)  u:(0.40.2) u;(0.50.2)  (0.4,0.2) us(0.4,0.1)
4 A 4 L
Ga Ggp
u;(0.4,0.2) (0.5,0.2) us0.5,0.1) u;(0.2,0.7)  (0.2,0.7) us(0.7,0.2)
& LF & bt
G¢ Gp
u:(0.5,0.1)
(0.3,0.2) *. (0502

us(0.7,0.2)

»
ol

2
us(0.4,0.1) u4(0.5,0.1)

GaGeGeGo

Figure 8

6 Degree of vertexin G, @ Gg @ G D Gp

In this section, we find the degree of vertices in direct sum G4 @ Gz @ G D G, of four
IFGs G4, Gg, G and G, in terms of degrees of the vertices in the intuitionistic fuzzy graphs G, Gg, G,
and G, .
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Example 6.1 The following illustrate the degree of vertices in G, @ Gg @ G¢ D Gp.

1:(0.5,0.4) (0.1,0.4) 12(0.1,0.6)
L] :,}
(0.2,0.5) 1:(03,04) (0.3,0.5) 1,(0.4,0.5)
. ..
us(0.3,0.5)%
Ga Gy
1(02,06) _ (01,04) , U(0503) u1(0.1,0.5) 4
(0,06) (2,0.6) (0.10.4
-
&
u(0.2,07) ¥ 16(0.2,0.2)
Gc GD
12(0.1,0) (01,0.4)  u(0504)  (0.104)  ud05,0.2)
&
(0.2,0.6)
* 16(0.2,0.7)
us(0.2,0.5) % ud0.3,0.2)
G,GsGGp
Figure 9

dg, ® dg, @ dg, @ dg,(u) = dg, (W) + dg, (W) + dg (u) +dg, (1)
For uy;
(0.1,0.4)+(0.2,0.5)+(0.1,0.4)+(0,0.6)+(0.1,0.4)+(0.3,0.5)
=(0.3,0.5)+(0.1,0.4)+(0,0.6)+(0.2,0.5)+(0.1,0.4)+(0.1,0.4) (0.8,2.8)=(0.8,2.8)
Similarly for all vertices.
7 Conclusion

The direct sum of 4 IFGs were illustrated. The special cases regular, connected and effective
IFGs are discussed with examples . Degree of vertices in direct sum of four IFGs are calculated with
example.

Therefore, this work will be further developed to various special intutionistic fuzzy graphs
based on the researchers interest and on the researchers field.
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