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1. Introduction17

Fuzzy sets were introduced by Lotfi. A. Zadeh [10] in 1965 as a generalisa-18

tion of classical(crisp)sets. Further the fuzzy sets are generalised by Krassimir. T.19

Atanassov [2] in which he has taken non-membership values also into consideration20

and introduced Intuitionistic Fuzzy sets [IFS] and their extensions like Intuitionis-21

tic Fuzzy sets of second type [IFSST], Intuitionistic L-Fuzzy sets [ILFS], Temporal22

Intuitionistic Fuzzy sets [TIFS] and also he introduced the concept of intuitionistic23

fuzzy relations. P. Bhattacharya [3] has discussed some properties of fuzzy graphs.24

R. Parvathi and M. G. Karunambigai [6, 7] introduced IFG elaborately and ana-25

lyzed their components also established some of their operations. A. Nagoor Gani26

and S. Shajitha Begum [4, 5] studied IFG and introduced the concept of neighbor-27

hood degree of intuitionistic fuzzy graphs and the regular intuitionistic fuzzy graphs28

also order and size of IFG. Muhammad Akram and Rabia Akmal [1] studied the29

operations on Intuitionistic Fuzzy Graph Structures. The present authors [8, 9] in-30

troduced the extension of Intuitionistic Fuzzy Graphs namely Intuitionistic Fuzzy31

Graphs of Second Type [IFGST] and defined the concept of complete intuitionistic32

fuzzy graphs of second type. In section 2, we give some basic definitions and in33

section 3, we define the concept of neighborhood degree, order, size of IFGST and34

the regular intuitionistic fuzzy graphs of second type. Also establish some of their35

properties. In section 4 we propose the applications of IFG and their extensions.The36
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paper is concluded in section 5 .37

38

2. Preliminaries39

In this section, we give some basic definitions.40

Definition 2.1 ([2]). An intuitionistic fuzzy set [IFS] A in a universal set E is
defined as an object of the form,

A = {〈x, µA(x), νA(x)〉/x ∈ E},
where µA : E → [0, 1] and νA : E → [0, 1] denote the degree of membership and41

the degree of non-membership of the element x ∈ E respectively, satisfying 0 ≤42

µA(x) + νA(x) ≤ 1.43

Definition 2.2 ([2]). An intuitionistic fuzzy sets of second type [IFSST] A in a
universal set E is defined as an object of the form,

A = {〈x, µA(x), νA(x)〉/x ∈ E},
where µA : E → [0, 1] and νA : E → [0, 1] denote the degree of membership and44

the degree of non-membership of the element x ∈ E respectively, satisfying 0 ≤45

µA(x)2 + νA(x)2 ≤ 1.46

Definition 2.3 ([6]). An intuitionistic fuzzy graph [IFG] is of the form G = [V,E],47

where (i) V = {v1, v2, ..., vn} such that µ1 : V −→ [0, 1] and ν1 : V −→ [0, 1] denote48

the degree of membership and nonmembership of the element vi ∈ V , respectively,49

and 0 ≤ µ1(vi) + ν1(vi) ≤ 1, for every vi ∈ V , (i = 1, 2, ...n),50

(ii) E ⊆ V × V ,
where µ2 : V × V −→ [0, 1] and ν2 : V × V −→ [0, 1] are such that

µ2(vi, vj) ≤ min[µ1(vi), µ1(vj)],

ν2(vi, vj) ≤ max[ν1(vi), ν1(vj)]

and

0 ≤ µ2(vi, vj) + ν2(vi, vj) ≤ 1,

for every (vi, vj) ∈ E, (i, j = 1, 2, ...n).51

Definition 2.4 ([4]). Let G = [V,E] be an IFG. The neighbourhood of any vertex
v is defined as:

N(v) = (Nµ(v), Nν(v)),

where

Nµ(v) = {w ∈ V : µ2(v, w) = µ1(v) ∧ µ1(w)}
and

Nν(v) = {w ∈ V : ν2(v, w) = ν1(v) ∨ ν1(w)}.

Definition 2.5 ([4]). The neighbourhood degree of a vertex is defined as:

dN (v) = (dNµ(v), dNν(v)),

where dNµ(v) =
∑

w∈N(v)

µ1(w) and dNν(v) =
∑

w∈N(v)

ν1(w).52
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Definition 2.6 ([4]). The minimum neighbourhood degree is defined as:

δN (G) = (δNµ(G), δNν(G)),

where δNµ(G) = ∧{dNµ(v) : v ∈ V } and δNν(G) = ∧{dNν (v) : v ∈ V }.53

Definition 2.7 ([4]). The maximum neighbourhood degree is defined as:

∆N (G) = (∆Nµ(G),∆Nν(G)),

where ∆Nµ(G) = ∨{dNµ(v) : v ∈ V } and ∆Nν(G) = ∨{dNν (v) : v ∈ V }.54

Definition 2.8 ([4]). The closed neighbourhood degree of a vertex is defined as:

dN [v] = (dNµ[v], dNν [v]),

where dNµ[v] =
∑

w∈N(v)

µ1(w) + µ1(v) and dNν [v] =
∑

w∈N(v)

ν1(w) + ν1(v).55

Definition 2.9 ([4]). The closed minimum neighbourhood degree is defined as:

δN [G] = (δNµ[G], δNν [G]),

where δNµ[G] = ∧{dNµ [v] : v ∈ V } and δNν [G] = ∧{dNν [v] : v ∈ V }.56

Definition 2.10 ([4]). The closed maximum neighbourhood degree is defined as:

∆N [G] = (∆Nµ[G],∆Nν [G]),

where ∆Nµ[G] = ∨{dNµ [v] : v ∈ V } and ∆Nν [G] = ∨{dNν [v] : v ∈ V }.57

Definition 2.11 ([4]). Let G = [V,E] be an IFG. Then the order of G is defined
as:

O(G) = (Oµ(G), Oν(G)),

where Oµ(G) =
∑
v∈V µ1(v) and Oν(G) =

∑
v∈V ν1(v).58

Definition 2.12 ([4]). Let G = [V,E] be an IFG. Then the size of G is defined as:

S(G) = (Sµ(G), Sν(G)),

where Sµ(G) =
∑
vi 6=vj µ2(vi, vj) and Sν(G) =

∑
vi 6=vj ν2(vi, vj).59

Definition 2.13 ([4]). An Intuitionistic fuzzy graph G = [V,E] is said to be regular,
if all the vertices have the same closed neighborhood degree, i.e.,

δNµ[G] = ∆Nµ[G] and δNν [G] = ∆Nν [G].

Definition 2.14 ([9]). An intuitionistic fuzzy graphs of second type [IFGST] is of60

the form G = [V,E],61

where (i) V = {v1, v2, ..., vn} such that µ1 : V −→ [0, 1] and ν1 : V −→ [0, 1] denote62

the degree of membership and nonmembership of the element vi ∈ V , respectively,63

and 0 ≤ µ1(vi)
2 + ν1(vi)

2 ≤ 1, for every vi ∈ V , (i = 1, 2, ...n),64

(ii) E ⊆ V × V ,
where µ2 : V × V −→ [0, 1] and ν2 : V × V −→ [0, 1] are such that

µ2(vi, vj) ≤ min[µ1(vi)
2, µ1(vj)

2],

ν2(vi, vj) ≤ max[ν1(vi)
2, ν1(vj)

2]
3
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and
0 ≤ µ2(vi, vj)

2 + ν2(vi, vj)
2 ≤ 1,

for every (vi, vj) ∈ E, (i, j = 1, 2, ...n).65

Definition 2.15 ([8]). An IFGST, G = [V,E] is called the complete IFGST, if for66

every vi, vj ∈ V , µ2ij = min(µ2
1i, µ

2
1j) and ν2ij = max(ν2

1i, ν
2
1j).67

3. Regular intuitionistic fuzzy graphs of second type68

In this section, we define the concept of neighborhood degree, order, size of IFGST69

and define the regular intuitionistic fuzzy graphs of second type. Also establish some70

of their properties.71

Definition 3.1. Let G = [V,E] be an IFGST then the neighborhood of a vertex
v ∈ V is defined by:

N(v) = (Nµ(v), Nν(v)),

where Nµ(v) = {w ∈ V : µ2(v, w) = min(µ2
1(v), µ2

1(w))}72

and73

Nν(v) = {w ∈ V : ν2(v, w) = max(ν2
1(v), ν2

1(w))}.74

Definition 3.2. Let G = [V,E] be an IFGST then the neighborhood degree of a
vertex v ∈ V is defined by:

dN (v) = (dNµ(v), dNν(v)),

where dNµ(v) =
∑

w∈N(v)

µ1(w) and dNν(v) =
∑

w∈N(v)

ν1(w).75

Definition 3.3. Let G = [V,E] be an IFGST then the minimum neighborhood
degree of G is defined by:

δN (G) = (δNµ(G), δNν(G)),

where δNµ(G) = min{dNµ(v) : v ∈ V } and δNν(G) = min{dNν(v) : v ∈ V }.76

Definition 3.4. Let G = [V,E] be an IFGST then the maximum neighborhood
degree of G is defined by:

∆N (G) = (∆Nµ(G),∆Nν(G)),

where ∆Nµ(G) = max{dNµ(v) : v ∈ V } and ∆Nν(G) = max{dNν(v) : v ∈ V }.77

Definition 3.5. Let G = [V,E] be an IFGST then the closed neighborhood degree
of a vertex v ∈ V is defined by:

dN [v] = (dNµ[v], dNν [v]),

where dNµ[v] =
∑

w∈N(v)

µ1(w) + µ1(v) and dNν [v] =
∑

w∈N(v)

ν1(w) + ν1(v).78

Definition 3.6. Let G = [V,E] be an IFGST then the minimum closed neighbor-
hood degree of G is defined by:

δN [G] = (δNµ[G], δNν [G]),

where δNµ[G] = min{dNµ[v] : v ∈ V } and δNν [G] = min{dNν [v] : v ∈ V }.79

4
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Definition 3.7. Let G = [V,E] be an IFGST then the maximum closed neighbor-
hood degree G is defined by:

∆N [G] = (∆Nµ[G],∆Nν [G]),

where ∆Nµ[G] = max{dNµ[v] : v ∈ V } and ∆Nν [G] = max{dNν [v] : v ∈ V }.80

Example 3.8.81

Figure 1.

In the above Figure 1, we have,82

(i) the neighbourhood of the vertices are:

N(v1) = {v2}, N(v2) = {v1, v3, v4}, N(v3) = {v2, v4}, N(v4) = {v2, v3},
(ii) the neighbourhood degree of the vertices are:

dN (v1) = (0.2, 0.5), dN (v2) = (1.2, 1.2), dN (v3) = (0.6, 0.9), dN (v4) = (0.3, 1.1),

(iii) the minimum neighbourhood degree is δN (G) = (0.2, 0.5) and the maximum83

neighbourhood degree is ∆N (G) = (1.2, 1.2),84

(iv) the closed neighbourhood degree of the vertices are:

dN [v1] = (0.9, 0.7), dN [v2] = (1.4, 1.7), dN [v3] = (0.7, 1.5), dN [v4] = (0.7, 1.5),

(v) the minimum closed neighbourhood degree is δN [G] = (0.7, 0.7) and the max-85

imum closed neighbourhood degree is ∆N [G] = (1.4, 1.7).86

Definition 3.9. An IFGST G is said to be regular, if all the vertices of G have the87

same closed neighborhood degree,i.e, dN [vi] = dN [vj ], for all vi, vj ∈ V .88

If dNµ[v] = k1 and dNν[v] = k2, for every v ∈ V , then G is called a (k1, k2) regular89

IFGST.90
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Example 3.10.91

Figure 2. Regular IFGST

Theorem 3.11. For every u, v ∈ V , we have92

(1) µ2(u, v) = µ2(v, u),93

(2) ν2(u, v) = ν2(v, u).94

Proof. Let G = [V,E] be an IFGST. Suppose u is neighborhood of v in G. Then95

We have96

µ2(u, v) = min(µ2
1(u), µ2

1(v)) and ν2(u, v) = max(ν2
1(u), ν2

1(v)),97

µ2(u, v) = min(µ2
1(v), µ2

1(u)) and ν2(u, v) = max(ν2
1(v), ν2

1(u)).98

Thus µ2(u, v) = µ2(v, u) and ν2(u, v) = ν2(v, u). This completes the proof.99

�100

Theorem 3.12. Every complete intuitionistic fuzzy graphs of second type is regular.101

Proof. Let G = [V,E] be a complete IFGST. Then by the definition of complete102

IFGST, we have µ2ij = min(µ2
1i, µ

2
1j) and ν2ij = max(ν2

1i, ν
2
1j), for every vi, vj ∈ V .103

By the definition of closed neighborhood, µ degree each vertex is the sum of the104

membership values of the vertices and itself and the closed neighborhood ν degree105

each vertex is the sum of the non-membership values of the vertices and itself.106

Thus all the vertices in G will have the same closed neighborhood µ degree and107

closed neighborhood ν degree. So minimum closed neighborhood degree is equal to108

maximum closed neighborhood degree, i.e, δNµ[G] = ∆Nµ[G] and δNν [G] = ∆Nν [G].109

Hence G is regular. This completes the proof. �110

Definition 3.13. Let G = [V,E] be an IFGST . Then the order of G is defined by:

O(G) = (Oµ(G), Oν(G)),

where Oµ(G) =
∑
v∈V µ1(v) and Oν(G) =

∑
v∈V ν1(v).111

6



Hacı Aktaş et al. /Ann. Fuzzy Math. Inform. x (201y), No. x, xxx–xxx

Definition 3.14. Let G = [V,E] be an IFG. Then the size of G is defined by:

S(G) = (Sµ(G), Sν(G)),

where Sµ(G) =
∑
vi 6=vj µ2(vi, vj) and Sν(G) =

∑
vi 6=vj ν2(vi, vj).112

Example 3.15. In Figure 1. we have O(G) = (1.4, 1.7) and S(G) = (0.09, 1.16).113

Theorem 3.16. The order of a complete IFGST is same as the closed neighborhood114

degree of each vertex,i.e., Oµ(G) = (dNµ[v] : v ∈ V ) and Oν(G) = (dNν [v] : v ∈ V ).115

Proof. Let G = [V,E] be a complete IFGST. Then Oµ(G) is the sum of the mem-116

bership value of all the vertices and the Oν(G) is the sum of the non-membership117

value of all the vertices. Since G is a complete IFGST, the closed neighborhood µ-118

degree of each vertex is the sum of the membership value of vertices and the closed119

neighborhood ν-degree of each vertex is the sum of the non-membership value of120

vertices. This completes the proof. �121

4. Applications122

The newly defined IFGST has important applications in image processing, neural123

network, medical diagnosis, etc. We will construct the modal to represent a traffic124

network system by using IFG and their extensions.125

5. Conclusion126

In this paper, we defined the concept of neighborhood of a vertex, order, size of127

IFGST and the regular intuitionistic fuzzy graphs of second type. Also established128

some of their properties and proposed some applications of IFG and their extensions.129

In future we will study some more properties and applications of IFGST.130
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