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MAXIMAL PRODUCT OF AN INTUITIONISTIC FUZZY IDEAL GRAPH OF
MΓ GROUP IN NEARRINGS

S. K. MALA1 AND M. M. SHANMUGAPRIYA

ABSTRACT. The objective of this paper is to describe the product of two intu-
itionistic fuzzy (IF) graphs as maximal products in MΓ group of near rings.
Further we discuss the degree and total degree of a vertex in the maximal prod-
uct of IF graph structure with their properties and few theorems.

1. INTRODUCTION

Piltz [8] introduced the abstract structure near rings as an extension of rings
and studied various properties with theorems. In 1996, Zadeh [9] extended
crisp set into a fuzzy set by defining a membership function which has many
applications including medicine. In continuation Kim et al. [3] introduced fuzzy
ideals of near rings and explained their characteristics with examples. Further
Satyanarayana et al. [10] described these fuzzy ideals in near rings and its appli-
cation as graph. In 1986 Atanassov [1] introduced Intuitionistic Fuzzy(IF) sets
as an expansion of fuzzy sets with one more non-membership function.After the
introduction of IF sets, Jianminget al. [2] introduced IF ideal in near rings and
derived the conditions for the IF set to be IF ideals using level subsets. Karunam-
bigaiet al. [4,5] introduced IF graph and discussed elaborately its various char-
acteristics and types with many examples. Mala et al. [6] explained IF ideals in
MΓ group in near rings and discussed their properties with various theorems.
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Further as an application, Mala et al. [7] developed IF ideals in MΓ group in
near rings as a graph and discussed their properties in detail. Muzzmal Sitara
et al. [8] introduced maximal products of fuzzy graph structure and presented
degree and total degree of a vertex in it.

2. MAXIMAL PRODUCT OF GRAPH OF INTUITIONISTIC FUZZY GRAPH

Definition 2.1. Let G(VI1, EI1, µI1, γI1) and G(VI2, EI2, µI2, γI2) be 2 graphs of the
ideals I1 and I2. Then G1 ∗ G2 = (VI , EI , µI , γI) is called maximal intuitionistic
fuzzy graph with structure VI = VI1 ∗ VI2 and EI = {((u1, v1)(u2, v2))/u1 = u2 and
v1, v2 ∈ EI2 (or) v1 = v2 and u1, u2 ∈ EI1}, with µI(u, v) = µI1(u) ∨ µI2(v) for all
(u, v) ∈ VI = VI1 ∗ VI2, and γI(u, v) = γI1(u) ∧ γI2(v) for all (u, v) ∈ VI . Also,

µI((u1, v1)(u2, v2)) = {µI1(u1) ∨ µI2(v1v2) where u1 = u2 and v1v2 ∈ EI2,

µI2(v2) ∨ µI1(u1u2) where v1 = v2 and u1u2 ∈ EI1,

and
γI((u1, v1)(u2, v2)) = {γI1(u1) ∧ γI2(v1v2) where u1 = u2 and v1v2 ∈ EI2,

γI2(v2) ∧ γI1(u1u2) where v1 = v2 and u1u2 ∈ EI1.

Example 1. Consider intuitionistic fuzzy graph of the ideal I1 = {0} and
I2 = {0, 1, 2} of Z3 as GI1 and GI2 then we get GI1 ∗ GI2 as a maximal intu-
itionistic graph as to follows: GI1 ∗GI2 has vertex set

VI = VI1 × VI2 = {0, 1, 2} × {0, 1, 2}

= {(0, 0), (0, 1), (0, 2), (1, 0), (1, 1), (1, 2), (2, 0), (2, 1), (2, 2)}

and edges set EI has edges with either first co-ordinate same or second co-ordinate
same in VI . Thus GI1 ∗GI2 is represented as follows:

Figure 1 : Graph GI1
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Figure 2 : Graph GI2

Figure 3 : Graph GI1 ∗GI2

Remark 2.1. Maximal product G = G1 ∗G2 may be of a strong intuitionistic fuzzy
graph when G1 and G2 are not strong intuitionistic fuzzy graph.

Case (i): u1 = u2 and v1v2 ∈ EI2. Then

µI((u1, v1)(u2, v2)) = µI1(u1) ∧ µI2(v1v2) = µI1(u1) ∧ [µI2(v1) ∨ µI2(v2)]

= [µI1(u1) ∧ µI2(v1)] ∨ [µI1(u2) ∧ µI2(v2)] = µI(u1v1) ∨ µI(u2v2).

Case (ii): v1 = v2 and u1u2 ∈ EI1. Then

µI((u1, v1)(u2, v2)) = µI2(v2) ∧ µI1(u1u2) = µI2(v2) ∧ [µI1(u1) ∨ µI1(u2)]

= [µI2(v2) ∧ µI1(u1)] ∨ [µI2(v2) ∧ µI1(u2)] = µI(u1v1) ∨ µI(u2v2).

For all the edges of the maximal product.

Remark 2.2. Converse of theorem 2.1 is not true. Maximal product G = G1 ∗ G2

may be a strong intuitionistic fuzzy structure where G1 and G2 are not strong
intuitionistic fuzzy structure.
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Example 2. Maximal product of two strong intuitionistic fuzzy graph is also a
strong fuzzy graph.

Definition 2.2. An intuitionistic fuzzy graph G(VI , EI , µI , γI) is µI − γI strong if

µI(v1v2) = min{µI1(v1), µI2(v2)}v1 ∈ VI1 and v2 ∈ VI2 and

γI(v1v2) = min{γI1(v1), γI2(v2)}v1 ∈ VI1 and v2 ∈ VI2

and it is same for all v1, v2 ∈ EI in the µI − γI strong intuitionistic fuzzy graph is
called strong intuitionistic fuzzy graph.

Theorem 2.1. Maximal product of two strong intuitionistic fuzzy graph is also a
strong intuitionistic fuzzy graph.

Proof. Let G1 = (VI1, EI1, µI1, γI1) and G2 = (VI2, EI2, µI2, γI2) be two strong
intuitionistic fuzzy graph structure. Then

µI((u1, v1)(u2, v2)) = {µI1(u1) ∨ µI2(v1v2) where u1 = u2 and v1v2 ∈ EI2

µI2(v2) ∨ µI1(u1u2) where v1 = v2 and u1u2 ∈ EI1,

and

γI((u1, v1)(u2, v2)) = {γI1(u1) ∧ γI2(v1v2) where u1 = u2 and v1v2 ∈ EI2

γI2(v2) ∧ γI1(u1u2) where v1 = v2 and u1u2 ∈ EI1.

Let G1(VI1, EI1, µI1, γI1) and G2(VI2, EI2, µI2, γI2) be two graphs of the ideals I1
and I2 then G1 ∗ G2 = (VI , EI , µI , γI) is called maximal product of intuitionistic
fuzzy graph with the structure VI = VI1 ∗ VI2 and EI = {(u1, v1)(u2, v2)/u1 =

u2, v1v2 ∈ EI2 or v1 = v2, u1u2 ∈ EI1}.
With µI(u, v) = µI1(u) ∨ µI2(v) for all u, v ∈ VI = VI1 ∗ VI2, γI(u, v) = γI1(u) ∧

µI2(v) for all u, v ∈ VI = VI1 ∗ VI2 Also,

µI((u1, v1)(u2v2)) = {µI1(u1) ∨ µI2(v1v2) where u1 = u2 and v1v2 ∈ EI2

µI2(v2) ∨ µI1(u1u2) where v1 = v2 and u1u2 ∈ EI1 and

γI((u1, v1)(u2, v2)) = {γI1(u1) ∧ γI2(v1v2) where u1 = u2 and v1v2 ∈ EI2

γI2(v2) ∧ γI1(u1u2) where v1 = v2 and u1u2 ∈ EI1.

�



INTUITIONISTIC FUZZY IDEAL GRAPH OF MΓ GROUP 1693

Example 3. {0, 1, 2} ∗ {0, 1, 2}, (0, 0)(0, 1)(0, 2)(1.0)(1, 1)(1, 2)(2, 0)(2, 1)(2, 2)

µ((0, 0)(0, 1)) = max{0.6, 0.6} = 0.6 = µI

γ((0, 0)(0, 1)) = min{0.2, 0.1} = 0.1 = γI

µ((0, 0)(0, 2)) = max{0.6, 0.6} = 0.6

γ((0, 0)(0, 2)) = min{0.2, 0.2} = 0.2

The degree of a vertex in maximal product G1 ∗G2 of two intuitionistic fuzzy graph
structure G1(VI1, EI1, µI1, γI1) and G2(VI2, EI2, µI2, γI2) is given by

dG1∗G2µ(uj, vj) =
∑

µI1(uiuk) ∨ µI2(vj) +
∑

µI2(vjvi) ∨ µI1(ui)

and

dG1∗G2γ(uivj) =
∑

γI1(uiuk) ∧ γI2(vj) +
∑

γI2(vjvi) ∧ γI1(ui)

degGI1∗GI2
µ(u1v1) = µI1(u1u2) ∨ µI2(v1) + µI1(u1u3) ∨ µI2(v1)

+ µI2(v1v2) ∨ µI1(u1)

= (0.4 ∨ 0.3) + (0.4 ∨ 0.3) + (0.2 ∨ 0.5)

= 0.4 + 0.4 + 0.5

= 1.3

degGI1∗GI2
µ(u1v2) = µI1(u1u2) ∨ µI2(v2) + µI1(u1u3) ∨ µI2(v2)

+ µI2(v1v2) ∨ µI1(u1)

= (0.4 ∨ 0.5) + (0.4 ∨ 0.5) + (0.2 ∨ 0.5)

= 0.5 + 0.5 + 0.5

= 1.5

degGI1∗GI2
µ(u2v1) = µI1(u2u3) ∨ µI2(v1) + µI1(u2u1) ∨ µI2(v1)

+ µI2(v1v2) ∨ µI1(u2)

= (0.3 ∨ 0.3) + (0.4 ∨ 0.3) + (0.2 ∨ 0.6)

= 0.3 + 0.4 + 0.6

= 1.3
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degGI1∗GI2
µ(u2v2) = µI1(u2u3) ∨ µI2(v2) + µI1(u2u1) ∨ µI2(v2)

+ µI2(v1v2) ∨ µI1(u2)

= (0.3 ∨ 0.5) + (0.4 ∨ 0.5) + (0.2 ∨ 0.6)

= 0.5 + 0.5 + 0.6

= 1.6

degGI1∗GI2
µ(u3v1) = µI1(u3u1) ∨ µI2(v1) + µI1(u3u2) ∨ µI2(v1)

+ µI2(v1v2) ∨ µI1(u3)

= (0.4 ∨ 0.3) + (0.3 ∨ 0.3) + (0.2 ∨ 0.4)

= 0.4 + 0.3 + 0.4

= 1.1

degGI1∗GI2
µ(u1v2) = µI1(u3u1) ∨ µI2(v2) + µI1(u3u2) ∨ µI2(v2)

+ µI2(v1v2) ∨ µI1(u3)

= (0.4 ∨ 0.5) + (0.3 ∨ 0.5) + (0.2 ∨ 0.4)

= 0.5 + 0.5 + 0.4

= 1.4

degGI1∗GI2
µ(u1v1) = µI1(u1u2) ∨ µI2(v1) + µI1(u1u3) ∨ µI2(v1)

+ µI2(v1v2) ∨ µI1(u1)

= (0.4 ∨ 0.3) + (0.4 ∨ 0.3) + (0.2 ∨ 0.5)

= 0.4 + 0.4 + 0.5

= 1.3

degGI1∗GI2
γ(u1v1) = γI1(u1u2) ∧ γI2(v1) + γI1(u1u3) ∧ γI2(v1)

+ γI2(v2v1) ∧ γI1(u1)

= 0.2 ∧ 0.1 + 0.3 ∧ 0.1 + 0.2 ∧ 0.3

= 0.1 + 0.1 + 0.2

= 0.4
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degGI1∗GI2
γ(u1v2) = γI1(u1u2) ∧ γI2(v2) + γI1(u1u3) ∧ γI2(v2)

+ γI2(v1v2) ∧ γI1(u1)

= 0.2 ∧ 0.2 + 0.3 ∧ 0.2 + 0.1 ∧ 0.3

= 0.2 + 0.2 + 0.1

= 0.5

degGI1∗GI2
γ(u2v1) = γI1(u2u3) ∧ γI2(v1) + γI1(u2u1) ∧ γI2(v1)

+ γI2(v2v1) ∧ γI1(u2)

= 0.1 ∧ 0.1 + 0.2 ∧ 0.1 + 0.1 ∧ 0.1

= 0.1 + 0.1 + 0.1

= 0.3

degGI1∗GI2
γ(u2v2) = γI1(u2u3) ∧ γI2(v2) + γI1(u2u1) ∧ γI2(v2)

+ γI2(v1v2) ∧ γI1(u2)

= 0.1 ∧ 0.2 + 0.2 ∧ 0.2 + 0.1 ∧ 0.2

= 0.1 + 0.2 + 0.1

= 0.4

degGI1∗GI2
γ(u3v1) = γI1(u3u1) ∧ γI2(v1) + γI1(u3u2) ∧ γI2(v1)

+ γI2(v2v1) ∧ γI1(u3)

= 0.3 ∧ 0.1 + 0.1 ∧ 0.1 + 0.1 ∧ 0.2

= 0.1 + 0.1 + 0.1

= 0.3

degGI1∗GI2
γ(u3v2) = γI1(u3u1) ∧ γI2(v2) + γI1(u3u2) ∧ γI2(v2)

+ γI2(v1v2) ∧ γI1(u3)

= 0.3 ∧ 0.2 + 0.1 ∧ 0.2 + 0.1 ∧ 0.1

= 0.2 + 0.1 + 0.2

= 0.4
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The ei degree of a vertex of maximal product G1 ∗G2 is given by

ei − dG1∗G2µ(ujvj) =
∑

µI1(uiuk) ∨ µI2(vj) +
∑

µI2(vjvi) ∨ µI1(ui) and

ei − dG1∗G2γ(uivj) =
∑

γI1(uiuk) ∧ γI2(vj) +
∑

γI2(vjvi) ∧ γI1(ui)

e1 − degG1∗G2
µ(u1v1) = µI1(u1u2) ∨ µI2(v1) + µI2(v1v2) ∨ µI2(u1)

= (0.4 ∨ 0.3) + (0.2 ∨ 0.5)

= 0.4 + 0.5

= 0.9

e1 − degG1∗G2
µ(u1v2) = µI1(u1u2) ∨ µI2(v2) + µI2(v1v2) ∨ µI2(u1)

= (0.4 ∨ 0.5) + (0.2 ∨ 0.5)

= 0.5 + 0.5

= 1.0

e2 − degG1∗G2
µ(u2v1) = µI1(u2u3) ∨ µI2(v1) + µI2(v1v2) ∨ µI1(u2)

= (0.3 ∨ 0.3) + (0.2 ∨ 0.6)

= 0.3 + 0.6

= 0.9

e2 − degG1∗G2
µ(u2v2) = µI1(u2u3) ∨ µI2(v2) + µI2(v2v1) ∨ µI1(u2)

= (0.3 ∨ 0.5) + (0.2 ∨ 0.6)

= 0.5 + 0.6

= 1.1

e3 − degG1∗G2
µ(u3v1) = µI1(u3u1) ∨ µI2(v1) + µI2(v1v2) ∨ µI1(u3)

= (0.4 ∨ 0.2) + (0.2 ∨ 0.4)

= 0.5 + 0.3

= 0.8

e3 − degG1∗G2
µ(u3v2) = µI1(u3u1) ∨ µI2(v2) + µI2(v2v1) ∨ µI1(u3)

= (0.4 ∨ 0.5) + (0.2 ∨ 0.3)

= 0.5 + 0.3

= 0.8
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3. CONCLUSION

The concept of maximal product of graph of an IF ideal of MΓ group in near
rings has been introduced and explained its characteristics with examples. As
graph has many applications in areas like networking, logistics, using IF graphs
and maximal product of IF graphs further applications can be explored in future.
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