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1. INTRODUCTION 
Fuzzy sets were introduced by Lotfi. A. Zadeh [9] in 1965 as a generalisation of 

classical (crisp)sets. Further the fuzzy sets are generalised by Krassimir. T. Atanassov 

[1] in which he has taken non-membership values also into consideration and 

introduced Intuitionistic Fuzzy Set [𝐼𝐹𝑆] and the extension of IFS namely 

Intuitionistic Fuzzy Sets of Second Type [𝐼𝐹𝑆𝑆𝑇]. Also he introduced the concept of 

Intuitionistic fuzzy relations. R. Parvathi and M. G. Karunambigai [6] introduced 

Intuitionistic Fuzzy Graphs [𝐼𝐹𝐺] elaborately and analyzed its components. In section 

2, we give some basic definitions on 𝐼𝐹𝐺 and in section 3, we propose the 
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Intuitionistic Fuzzy Graphs of Second Type [𝐼𝐹𝐺𝑆𝑇] and its Subgraph. Also establish 

some of their properties. The paper is concluded in section 4. 

 

2. PRELIMINARIES 

In this section, we give some basic definitions. 

Definition 2.1 [1] : 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 and the 

degree of non-membership of the element 𝑥in 𝐸 respectively, satisfying 0 ≤ 𝜇𝐴(𝑥) +

𝜈𝐴(𝑥) ≤ 1. 

Definition 2.2 [1] : 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 and the 

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

𝜇𝐴(𝑥)2 + 𝜈𝐴(𝑥)2 ≤ 1. 

 

Definition 2.3 [6] : An Intuitionistic Fuzzy Graph [𝐼𝐹𝐺] is of the form 𝐺 = [𝑉, 𝐸] 

where 

(i) 𝑉 = {𝑣1, 𝑣2, … 𝑣𝑛} such that 𝜇1: 𝑉 → [0,1] and 𝜈1: 𝑉 → [0,1] denote the degree of 

membership and non-membership of the element 𝑣𝑖 ∈ 𝑉, respectively, and  

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

(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) 
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Definition 2.4 [6] : An 𝐼𝐹𝐺, 𝐻 = [𝑉 ′, 𝐸′] is said to be an Intuitionistic Fuzzy Subgraph 

of the 𝐼𝐹𝐺, 𝐺 = [𝑉, 𝐸] if 𝑉 ′ ⊆ 𝑉 and  𝐸′ ⊆ 𝐸 that is 𝜇1𝑖
′ ≤ 𝜇1𝑖 ; 𝜈1𝑖

′ ≥ 𝜈1𝑖 and 𝜇2𝑖𝑗
′ ≤

𝜇2𝑖𝑗 ; 𝜈2𝑖𝑗
′ ≥ 𝜈2𝑖𝑗 for every 𝑖, 𝑗 = 1,2, … 𝑛 

Definition 2.5 [6] : The set of all triples [𝑉𝑡, 𝜇1𝑡, 𝜈1𝑡], where 

 𝜇1𝑡 = {𝑣𝑖 ∈ 𝑉 ∶ 𝜇1𝑖 ≥ 𝑡} or 𝜈1𝑡 = {𝑣𝑖 ∈ 𝑉 ∶ 𝜈1𝑖 ≤ 𝑡} for some 𝑖 = 1,2, … 𝑛 is a subset 

of 𝑉, 0 ≤ 𝑡 ≤ 1 

and the set of all triples [𝐸𝑡, 𝜇2𝑡, 𝜈2𝑡], where 

 𝜇2𝑡 = {(𝑣𝑖, 𝑣𝑗) ∈ 𝑉 × 𝑉 ∶ 𝜇2𝑖𝑗 ≥ 𝑡} or 𝜈2𝑡 = {(𝑣𝑖, 𝑣𝑗) ∈ 𝑉 × 𝑉 ∶ 𝜈2𝑖𝑗 ≤ 𝑡} for some               

𝑖, 𝑗 = 1,2, … 𝑛 is a subset of 𝐸, 0 ≤ 𝑡 ≤ 1 

 

 

3. INTUITIONISTIC FUZZY GRAPHS OF SECOND TYPE 

In this section, we define the Intuitionistic Fuzzy Graphs of Second Type and its 

Subgraph. Also establish some of their properties. 

 

Definition 3.1: An Intuitionistic Fuzzy Graphs of Second Type [𝐼𝐹𝐺𝑆𝑇] is of the 

form           𝐺 = [𝑉, 𝐸] where 

(i) 𝑉 = {𝑣1, 𝑣2, … 𝑣𝑛} such that 𝜇1: 𝑉 → [0,1] and 𝜈1: 𝑉 → [0,1] denote the degree of 

membership and non-membership of the element 𝑣𝑖 ∈ 𝑉, respectively, and  

0 ≤ 𝜇1(𝑣𝑖)
2 + 𝜈1(𝑣𝑖)

2 ≤ 1                                                                                       (1) 

for every 𝑣𝑖 ∈ 𝑉, (𝑖 = 1,2, … 𝑛) 

(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
]                                                                        (2) 

 𝜈2(𝑣𝑖 , 𝑣𝑗) ≤ max [𝜈1(𝑣𝑖)
2, 𝜈1(𝑣𝑗)

2
]                                                                        (3) 

 and 0 ≤ 𝜇2(𝑣𝑖 , 𝑣𝑗)
2

+ 𝜈2(𝑣𝑖 , 𝑣𝑗)
2

≤ 1                                                                   (4) 

for every (𝑣𝑖, 𝑣𝑗) ∈ 𝐸, (𝑖, 𝑗 = 1,2, … 𝑛) 
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If one of the inequalities (1) or (2) or (3) or (4) is not satisfied, then 𝐺 is not an 

𝐼𝐹𝐺𝑆𝑇. 

 

Example 3.1: 

 

 

Notations 

In an 𝐼𝐹𝐺𝑆𝑇, 𝐺 =  [𝑉, 𝐸] the elements of 𝑉 are called the vertices and the elements of 

𝐸 are called edges of 𝐺. Also 𝜇1𝑖, 𝜈1𝑖 denotes the degree of membership and non-

membership of the vertex 𝑣𝑖 respectively and 𝜇2𝑖𝑗, 𝜈2𝑖𝑗 denotes the degree of 

membership and non-membership of an edge 𝑒𝑖𝑗 = 𝑣𝑖𝑣𝑗  respectively on 𝐺. 

 

Remark 1 

(i) When 𝜇2𝑖𝑗 = 𝜈2𝑖𝑗 = 0, for some 𝑖 and 𝑗, then there is no edge between 𝑣𝑖 and 𝑣𝑗  . 

(ii) Either one of the following is true, then there is an edge between 𝑣𝑖 and 𝑣𝑗  

(a) 𝜇2𝑖𝑗 > 0 and 𝜈2𝑖𝑗 > 0 

(b) 𝜇2𝑖𝑗 = 0 and 𝜈2𝑖𝑗 > 0 

(c) 𝜇2𝑖𝑗 > 0 and 𝜈2𝑖𝑗 = 0 
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Definition 3.2: Let 𝐺 be an 𝐼𝐹𝐺𝑆𝑇 and 𝐻 be its Subgraph. 

An 𝐼𝐹𝐺𝑆𝑇, 𝐻 = [𝑉 ′, 𝐸′] is said to be an Intuitionistic Fuzzy Subgraph of an 𝐼𝐹𝐺𝑆𝑇, 

𝐺 = [𝑉, 𝐸]   if 𝑉 ′ ⊆ 𝑉 and  𝐸′ ⊆ 𝐸 that is 𝜇1𝑖
′ ≤ 𝜇1𝑖 ; 𝜈1𝑖

′ ≥ 𝜈1𝑖 and 𝜇2𝑖𝑗
′ ≤ 𝜇2𝑖𝑗 ; 

𝜈2𝑖𝑗
′ ≥ 𝜈2𝑖𝑗 for every 𝑖, 𝑗 = 1,2, … 𝑛 

 

Example 3.2: 

 

 

Definition 3.3: In an 𝐼𝐹𝐺𝑆𝑇, 𝐺 = [𝑉, 𝐸] the set of all triples [𝑉𝑡, 𝜇1𝑡, 𝜈1𝑡], where 

𝜇1𝑡 = {𝑣𝑖 ∈ 𝑉 ∶ 𝜇1𝑖
2 ≥ 𝑡} or 𝜈1𝑡 = {𝑣𝑖 ∈ 𝑉 ∶ 𝜈1𝑖

2 ≤ 𝑡} for some 𝑖 = 1,2, … 𝑛 is a subset 

of 𝑉,  0 ≤ 𝑡 ≤ 1 

and the set of all triples [𝐸𝑡, 𝜇2𝑡, 𝜈2𝑡], where 

𝜇2𝑡 = {(𝑣𝑖, 𝑣𝑗) ∈ 𝑉 × 𝑉 ∶ 𝜇2𝑖𝑗
2 ≥ 𝑡} or 𝜈2𝑡 = {(𝑣𝑖, 𝑣𝑗) ∈ 𝑉 × 𝑉 ∶ 𝜈2𝑖𝑗

2 ≤ 𝑡} for some 

𝑖, 𝑗 = 1,2, … 𝑛 is a subset of 𝐸, 0 ≤ 𝑡 ≤ 1 

 

Note: [𝑉𝑡, 𝐸𝑡] is a subgraph of 𝐺. 
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Example 3.3: 

 

In the above FIGURE 4, an 𝐼𝐹𝐺𝑆𝑇,  𝐺 has 𝑉 = {𝑣1, 𝑣2, 𝑣3, 𝑣4, 𝑣5} and 𝐸 =

{𝑣1𝑣2, 𝑣2𝑣3, 𝑣3𝑣4, 𝑣4𝑣5, 𝑣5𝑣1} 

By using the definition 3.3 we have 𝑉0.3 = {𝑣1, 𝑣2, 𝑣4, 𝑣5} and 𝐸0.3 =

{𝑣1𝑣2, 𝑣4𝑣5, 𝑣5𝑣1} 

Hence [𝑉0.3, 𝐸0.3] is a subgraph of 𝐺. 

 

Theorem 3.1: Let 𝐺 = [𝑉, 𝐸] is an 𝐼𝐹𝐺𝑆𝑇, then [𝑉𝑥, 𝐸𝑥] is an Intuitionistic Fuzzy 

subgraph of [𝑉𝑦, 𝐸𝑦] for any 𝑥, 𝑦 such that 0 ≤ 𝑥 ≤ 𝑦 ≤ 1 

 

Proof: 

Let 𝑣𝑖 ∈ 𝑉𝑥 then 𝜈1𝑖
2 ≤ 𝑥 

So we have  𝜈1𝑖
2 ≤ 𝑦, since 𝑥 ≤ 𝑦 

 ⟹ 𝑣𝑖 ∈ 𝑉𝑦,  hence 𝑉𝑥 ⊆ 𝑉𝑦 
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Let (𝑣𝑖 , 𝑣𝑗) ∈ 𝐸𝑥 then 𝜈2𝑖𝑗
2 ≤ 𝑥 

So we have  𝜈2𝑖𝑗
2 ≤ 𝑦, since 𝑥 ≤ 𝑦 

 ⟹ (𝑣𝑖, 𝑣𝑗) ∈ 𝐸𝑦,  hence 𝐸𝑥 ⊆ 𝐸𝑦 

Hence [𝑉𝑥, 𝐸𝑥] is a subgraph of [𝑉𝑦, 𝐸𝑦]. 

 

Theorem 3.2: If 𝐻 = [𝑉 ′, 𝐸′] is an Intuitionistic Fuzzy Subgraph of an 𝐼𝐹𝐺𝑆𝑇, 𝐺 =

[𝑉, 𝐸] then for any 0 ≤ 𝑥 ≤ 1, [𝑉𝑥
′, 𝐸𝑥

′ ] is an Intuitionistic Fuzzy Subgraph of [𝑉𝑥, 𝐸𝑥] 

 

Proof: 

From the given we have 𝑉 ′ ⊆ 𝑉 and 𝐸′ ⊆ 𝐸 

To prove [𝑉𝑥
′, 𝐸𝑥

′ ] is an Intuitionistic Fuzzy Subgraph of [𝑉𝑥, 𝐸𝑥], it is enough to prove 

𝑉𝑥
′ ⊆ 𝑉𝑥, 𝐸𝑥

′ ⊆ 𝐸𝑥 

Let          𝑣𝑖 ∈ 𝑉𝑥
′ 

 ⟹   (𝜇1𝑖
′ )

2
≥ 𝑥 

 ⟹        𝜇1𝑖
2 ≥ 𝑥  since (𝜇1𝑖

′ )
2

≤ 𝜇1𝑖
2  

 ⟹          𝑣𝑖 ∈ 𝑉𝑥 

 ⟹          𝑉𝑥
′ ⊆ 𝑉𝑥 

Let          (𝑣𝑖 , 𝑣𝑗) ∈ 𝐸𝑥
′  

 ⟹   (𝜇2𝑖𝑗
′ )

2
≥ 𝑥 

 ⟹        𝜇2𝑖𝑗
2 ≥ 𝑥  since (𝜇2𝑖𝑗

′ )
2

≤ 𝜇2𝑖𝑗
2  

 ⟹          (𝑣𝑖, 𝑣𝑗) ∈ 𝐸𝑥 

 ⟹          𝐸𝑥
′ ⊆ 𝐸𝑥 

Therefore [𝑉𝑥
′, 𝐸𝑥

′ ] is an Intuitionistic Fuzzy Subgraph of [𝑉𝑥, 𝐸𝑥] 
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4. CONCLUSION: 

In this paper, we have defined the Intuitionistic Fuzzy Graphs of Second Type and its 

Subgraph. Also established some of their properties. In future we will study some 

more properties and applications of 𝐼𝐹𝐺𝑆𝑇. 
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