‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056
JET Volume: 03 Issue: 05 | May-2016 www.irjet.net p-ISSN: 2395-0072

On Direct Sum of Two Intuitionistic Fuzzy Graphs
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Abstract: In this paper, the direct sum G A D GB of two Intuitionistic Fuzzy Graphs (IFGs) Ga and Gg is defined. It
is proved that when two IFGs are effective then their direct sum need not be effective. The degrees of the vertices
in the direct sum G, @ G; of two IFGs Gaand Gg in terms of degrees of the vertices in the IFGs G, and Gg are

obtained.
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1. Introduction

K.T. Atanassov (4) introduced the concept of IFGs. R.Parvathi and M.G.Karunambigai (3) gave the definition of IFG.
A.Nagoorgani and S.Shajitha Begum (2) gave the various types of degree in IFGs. Dr.K.Radha and Mr.S.Arumugam
(1) defined the direct sum of two fuzzy graphs.

An Intuitionistic Fuzzy Graph is of the form G= (V, E), where

@MVv= {vl,vz, ........ , Vn} such that y, :V — [0,1] and 7, :V > [0,1] denote the degree of membership and
non-membership of the element V, €V respectively and 0 < 1, (v,) + 7,(v,) <1, for
every V; €V (i=1, 2,3,...,n)
(i) E VXV where u, :VXV — [0,1] and 7, :VXV — [0,1] are such that s, (v;,V;) < mil’]l_,ul (Vi) 14, (v; )J
YoV, v,) <max|y, (v), 7, (v)]  and 0< 1, (v;,v;) +7,(v;,v;) <1forevery (v,,v;) eV
Here the triple (Vi T ) denotes the degree of membership and degree of non-membership of the vertex
V. The triple (eij 1 Haij s }/2”) denotes the degree of membership and degree of non-membership of the edge
e; =(v,v;) onV.
Let G = <V , E> be an IFG. Then the degree of a vertex v is defined by d (V) = (d u(v),d y(V))where

du(v) =2 s, (v,u) and dy(v) = D7, (v,u)

u=v u=v
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2. Direct Sum
Definition 2.1
Let G, : ((Vi s Fains V1in )7 (eij y Haiin s 7 2ij )) and G : ((Vi Mgy Vi )’ (eij 1 Haiig» 7 2ijp ))denote two IFGs with underlying

crisp graphs G}, : (Vl, El)and Gg: (VZ, Ez) respectively. Let V€V, UV, and

letE = {uv/u,veV,uveE, or uveE, butnotboth}.Define G =G, ®G,by

(thpr71a),  IfUeV,

(1,72 )W) =4 (ttag . 71),  IFUEV,
((/ulAV/ulB)’(ylA /\715))1 ifueV,nV,

and

(ﬂlA u) A Hia (v) , YATN (u)v Via (v)) ifuve E1
(%JﬂwwgideAMMW,hdwvdeNfWEEz

This G is the direct sum of two IFGs G and Gs.

Example 2.2

The following Fig 1 gives the example of the direct sum of two IFGs which have distinct edge sets.

1,(0.4,0.3)
)
S
&
e
0
2
1,(0.5,0.4) ~ v,(0.7,0.1)
o Ge Gl*) G,

Fig 1: Direct Sum of two IFGs with disjoint edge sets.
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Example 2.3
The following Fig 2 gives the example of the direct sum of two IFGs in which the edge sets are not disjoint.
u,(0.3,0.2
KQ ) ug%&OA) 1,(0.3,0.2)
< 2
o S} &
™, ~ g
e <) o
o
=
(B =
u,(0.4,0.5) u,(0.1,0.6)

3 Direct sum of effective IFGs

Definition 3.1: An IFG G is an effective IFG if
o (UV) = g (U) A g4, (V) and y, (UV) =y, (U) v 4 (v) forallu,veE.

Example 3.2
If Ga and Gg are two effective IFGs, their direct sum G, @ G, need not be an effective IFG which can be

seen from the example in Fig 2.

u,(0.3,0.6) 1,(0.2,0.7) u,(0.3,0.6)
) N @,
g‘ 3 =~ ocs’
S S I 2%
S
s
0.7,0.2
,(0.4,0.5) v:(0.7,0.2) ,(0.4,0.5)
G, v,(0.7,0.2)
G,
G, ® G

Fig 2. Direct Sum of two effective IFGs
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Theorem 3.3

If G4 and Gg are two effective IFGs such that no edge of G, @ G has both ends in V, "V, and every edge uv of

G, ®G; withoneend UV, NV, and uv e E, (or E,) is such that

aU) = g, (V) or  ya(U) 2y (v) [(0r) g (U) = p45(vV)  Or g (U) 245 (V)] S then G, @ Ggisan
effective IFG.

Proof:

Let uv be an edge of GA @ GB .We have two case to consider.
Case (i): GivenUu,V ¢V, NV,

Then u,v eV, orV, but not both.

Suppose u,veV,,thenuvekE,

Sy (U) =0, (W), 14 (V) = 2, (V) @nd g, (UV) = 21, (UY), 7, (UV) = 7, (UV)

Since Ga is an effective IFG,

1, (UV) = 41,5 (UV) 72(UV) =75, (UV)
=,LllA(U)/\lulA(V) =72A(U)V7/2A(V)
= 14, (U) A (V) =7,(U) v 7, (V)

The proof is similar for U,veV,.
Case (ii):

IfueV,NV, , vV, NV, (orvice-versa), without loss of generality, assume that V €V,
Then 4 (V) = 14, (V).

By hypothesis, £, (U) = 24,(V) , 74(U) = 74 (V)

Now s (U) = a0 (U) v 134 (V) 71(U) =y (U) Vv 71 (V)
2y, (U) 2 714 (U)
2 5 (V) 2 71a(V)
2 iy (V) 2 7,(V)

So 4, (U) A 1y (V) = 14 (V) (W) vy (V) =7.(v)
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Hence u, (Uv) = 1, (Uv) 72 (Uv) = 7,5 (UV)

= 142 (U) A 145 (V) =71a(U) Vv 714 (V)

= 14 (V) =71 (V)

= 14, (V) =7, (u)

= 14, (U) A 21, (V) =7, (U)v 7. (v)

Therefore G, @ G, isan effective IFG.
4. Degree of a vertex in the direct sum

In this section, we find the degrees of the vertices in the direct sum G, @ G; of two IFGs Gaand Gg in terms

of degrees of the vertices in the IFGs Ga and Gg.
Theorem 4.1

The degree of a vertexin G, @ G; in terms of the degree of the vertices in Gaand Gg is given by

dg, (U) ifueV,-V,
dGA® Ge (u)= dGB (u) ifueV,-V,
dg, (U)+dg (u) ifueV, NV, andE, NE, =¢

Proof:
For any vertex in the direct sum G A @ GB , we have two cases to consider.
Case (i):
Either U €V, Or u eV, butnotboth. Then no edge incidentatuliesin E, N E,

IfueV, ,then

d,e 6, (U) :(d:uA (U)vdﬂ’A(U))
Sdo, @) where dusy ()= X @Y) and dyy (@)= 7, Y)

u=v u=v

Similarly foru eV,
Case (ii):

If UeV, NV, butno edge incidentatuliesin E; N E,.

Then any edge incident at u is eitherin E, or E, butnotin E, NE,.
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Also all these edges are included in G, @ G; is given by

Ao 6, (U) =(da (u), dy , (u))+(duzg (u), dyg (U))
= dg (u)+dg, (u)

Hence the theorem is proved.

Example 4.2

Consider the two IFGs Gaand Gg in which the edge sets are disjoint and their direct sumis G, @ G,

u,(0.5,0.4 U,(1,0) 1,(0206)  (0104) %0503

u,(0.5,0.4)

u,(1,0) (0.1,0.4)  u,(0.5,0.3)

u,(0.3,0.5) u,(0.2,0.7)
G@® G,

1,(0.3,0.5) 1(02,0.7)
5(0.2,0.

G,

del@ G, (Ul) = del (ul) + d<32 (Uz)
(i.e) (0.1,0.4)+(0.1,0.4)+(0.2,0.5) +(0,0.6) = (0.1,0.4) + (0.1,0.4) + (0,0.6) + (0.2,0.5)
0.4,19)=(0.4,19)
Now dg g g, (U,) =dg (U,)
(0.1,0.4)=(0.1,0.4)

Similarly for all other vertices, the theorem can be verified.
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