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1  Introduction 
 
 The single-valued neutrosophic set is the generalisation of intuitionistic fuzzy sets and is used 

expediently to deal with real-world problems, especially in decision support [16, 17]. The computation of 
believe in that element (truth), the disbelieve in that element (falsehood) and the indeterminacy part of that 
element with the sum of these three components are strictly less than 1. Neutrosophic sets are the base of 
neutrosophic logic, a multiple value logic that generalizes the fuzzy logic which deals with paradoxes, 
contradictions, antitheses, antinomies is proposed by Smarandache [32, 34] and references therein. 

The neutrosophic set is introduced by the author Smarandache in order to use the inconsistent and 
indeterminate information, and has been studied extensively (see [32, 33, 34, 37, 35, 36, 38]). In the 
definition of neutrosophic set, the indeterminacy value is quantified explicitly and truth-membership, 
indeterminacy membership, and false-membership are defined completely independent with the sum of 
these values lies between 0 and 3. Neutrosophic set and related notions paid attention by the researchers in 
many weird domains [5, 6]. The combination of neutrosophic set and vague set are introduced by 
Alkhazaleh in 2015 [7]. Single valued neutrosophic graph are established in the papers [12, 13]. Some types 
of neutrosophic graphs and co-neutrosophic graphs are discussed in [19]. Intuitionistic bipolar neutrosophic 
set and its application to graphs are established in [27]. SS Hussain et al. in [25] introduced a combination 
of neutrosophic bipolar vague set to improving the reason-ability of decision making in real life application. 
Neutrosophic vague graphs and Neutrosophic bipolar vague graphs are investigated by [26, 30]. Authors 
in[3] presented some properties of single-valued neutrosophic incidence graphs, neutrosophic vague 
incidence graphs, neutrosophic vague line graphs and discussed the edge-connectivity, vertex-connectivity 
and pair-connectivity in neutrosophic incidence graphs. Motivated by papers [7, 3, 26, 24, 25, 31], we 
introduce the concept of neutrosophic bipolar vague incidence graphs. The main contributions of this paper 
are to introduce the neutrosophic bipolar vague incidence graphs, and the edge-connectivity, 
vertex-connectivity and pair-connectivity in neutrosophic vague incidence graphs are discussed in Section 
3.  

2  Preliminaries 
In this section, basic definitions and example are given.  
Definition 2.1 [39] A vague set 𝔸 on a non empty set 𝕏 is a pair (𝑇𝔸, 𝐹𝔸), where 𝑇𝔸: 𝕏 → [0,1] 
and 𝐹𝔸: 𝕏 → [0,1] are true membership and false membership functions, respectively, such that  

 0 ≤ 𝑇𝔸(𝑥) + 𝐹𝔸(𝑦) ≤ 1 for any 𝑥 ∈ 𝕏.  
 Let 𝕏 and 𝕐 be two non-empty sets. A vague relation ℝ of 𝕏 to 𝕐 is a vague set ℝ 

on 𝕏 × 𝕐  that is ℝ = (𝑇ℝ, 𝐹ℝ),  where 𝑇ℝ: 𝕏 × 𝕐 → [0,1], 𝐹ℝ: 𝕏 × 𝕐 → [0,1]  and satisfy the 
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condition:  
 0 ≤ 𝑇ℝ(𝑥, 𝑦) + 𝐹ℝ(𝑥, 𝑦) ≤ 1 for any 𝑥 ∈ 𝕏.  

  
Definition 2.2 [8] Let 𝔾∗ = (𝕍, 𝔼) be a graph. A pair 𝔾 = (𝕁, 𝕂) is called a vague graph on 𝔾∗, 
where 𝕁 = (𝑇𝕁, 𝐹𝕁) is a vague set on 𝕍 and 𝕂 = (𝑇𝕂, 𝐹𝕂) is a vague set on 𝔼 ⊆ 𝕍 × 𝕍 such that 
for each 𝑥𝑦 ∈ 𝔼,  

 𝑇𝕂(𝑥𝑦) ≤ min(𝑇𝕁(𝑥), 𝑇𝕁(𝑦)) and 𝐹𝕂(𝑥𝑦) ≥ max(𝐹𝕁(𝑥), 𝐹𝕁(𝑦)).  
Definition 2.3 [15, 32] Let 𝕏 be a space of points (objects), with a generic elements in 𝕏 denoted 
by 𝑥. A single valued neutrosophic set 𝔸 in 𝕏 is characterised by truth-membership function 
𝑇𝔸(𝑥), indeterminacy-membership function 𝐼𝔸(𝑥) and falsity-membership-function 𝐹𝔸(𝑥), For 
each point 𝑥 in 𝕏, 𝑇𝔸(𝑥), 𝐹𝔸(𝑥), 𝐼𝔸(𝑥) ∈ [0,1]. Also  

 𝐴 = {𝑥, 𝑇𝔸(𝑥), 𝐹𝔸(𝑥), 𝐼𝔸(𝑥)} and 0 ≤ 𝑇𝔸(𝑥) + 𝐼𝔸(𝑥) + 𝐹𝔸(𝑥) ≤ 3.  
Definition 2.4 [32]  A Neutrosophic set    is contained in another neutrosophic set 𝔹, (i.e) 
𝔸 ⊆ 𝔹 if ∀𝑥 ∈ 𝕏, 𝑇𝔸(𝑥) ≤ 𝑇𝔹(𝑥), 𝐼𝔸(𝑥) ≥ 𝐼𝔹(𝑥)and 𝐹𝔸(𝑥) ≥ 𝐹𝔹(𝑥).  
Definition 2.5 [2, 13] A neutrosophic graph is defined as a pair 𝔾∗ = (𝕍, 𝔼) where  

(i) 𝕍 = {𝑣ଵ, 𝑣ଶ, . . , 𝑣௡} such that 𝑇ଵ: 𝕍 → [0,1], 𝐼ଵ: 𝕍 → [0,1] and 𝐹ଵ: 𝕍 → [0,1] denote 
the degree of truth-membership function, indeterminacy function and falsity-membership 
function, respectively and  

 0 ≤ 𝑇ଵ(𝑣) + 𝐼ଵ(𝑣) + 𝐹ଵ(𝑣) ≤ 3,  
 (ii) 𝔼 ⊆ 𝕍 × 𝕍 where 𝑇ଶ: 𝔼 → [0,1], 𝐼ଶ: 𝔼 → [0,1] and 𝐹ଶ: 𝔼 → [0,1] are such that  

 𝑇ଶ(𝑢𝑣) ≤ min{𝑇ଵ(𝑢), 𝑇ଵ(𝑣)}, 
𝐼ଶ(𝑢𝑣) ≤ min{𝐼ଵ(𝑢), 𝐼ଵ(𝑣)}, 

𝐹ଶ(𝑢𝑣) ≤ max{𝐹ଵ(𝑢), 𝐹ଵ(𝑣)}, 
and 0 ≤ 𝑇ଶ(𝑢𝑣) + 𝐼ଶ(𝑢𝑣) + 𝐹ଶ(𝑢𝑣) ≤ 3, ∀𝑢𝑣 ∈ 𝔼.  

Definition 2.6 [7] A neutrosophic vague set 𝔸ே௏ (NVS in short) on the universe of discourse 𝕏 
written as  

 𝔸ே௏ = {〈𝑥, 𝑇෠𝔸ಿೇ
(𝑥), 𝐼መ𝔸ಿೇ

(𝑥), 𝐹෠𝔸ಿೇ
(𝑥)〉, 𝑥 ∈ 𝕏},  

 whose truth-membership, indeterminacy membership and falsity-membership function is 
defined as  

𝑇෠𝔸ಿೇ
(𝑥) = [𝑇ି(𝑥), 𝑇ା(𝑥)], 𝐼መ𝔸ಿೇ

(𝑥) = [𝐼ି(𝑥), 𝐼ା(𝑥)]and𝐹෠𝔸ಿೇ
(𝑥) = [𝐹ି(𝑥), 𝐹ା(𝑥)], 

where 𝑇ା(𝑥) = 1 − 𝐹ି(𝑥), 𝐹ା(𝑥) = 1 − 𝑇ି(𝑥), and 0 ≤ 𝑇ି(𝑥) + 𝐼ି(𝑥) + 𝐹ି(𝑥) ≤ 2.  
Definition 2.7 [7] The complement of NVS 𝔸ே௏ is denoted by 𝔸ே௏

௖  and it is defined by  
 𝑇෠𝔸ಿೇ

௖ (𝑥) = [1 − 𝑇ା(𝑥),1 − 𝑇ି(𝑥)], 

 𝐼መ𝔸ಿೇ

௖ (𝑥) = [1 − 𝐼ା(𝑥),1 − 𝐼ି(𝑥)], 

 𝐹෠𝔸ಿೇ

௖ (𝑥) = [1 − 𝐹ା(𝑥),1 − 𝐹ି(𝑥)]. 
Definition 2.8 [7] Let 𝔸ே௏ and 𝔹ே௏ be two NVSs of the universe 𝕌. If for all 𝑢௜ ∈ 𝕌,  

 𝑇෠𝔸ಿೇ
(𝑢௜) ≤ 𝑇෠𝔹ಿೇ

(𝑢௜), 𝐼መ𝔸ಿೇ
(𝑢௜) ≥ 𝐼መ𝔹ಿೇ

(𝑢௜), 𝐹෠𝔸ಿೇ
(𝑢௜) ≥ 𝐹෠𝔹ಿೇ

(𝑢௜),  
 then the NVS, 𝔸ே௏ are included in 𝔹ே௏, denoted by 𝔸ே௏ ⊆ 𝔹ே௏ where 1 ≤ 𝑖 ≤ 𝑛.  

Definition 2.9 [7] The union of two NVSs 𝔸ே௏  and 𝔹ே௏  is a NVSs, ℂே௏ , written as 
ℂே௏ = 𝔸ே௏ ∪ 𝔹ே௏, whose truth membership function, indeterminacy-membership function and 
false-membership function are related to those of 𝔸ே௏ and 𝔹ே௏ by  

 𝑇෠ℂಿೇ
(𝑥) = [max(𝑇𝔸ಿೇ

ି (𝑥), 𝑇𝔹ಿೇ

ି (𝑥)), max(𝑇𝔸ಿೇ

ା (𝑥), 𝑇𝔹ಿೇ

ା (𝑥))] 

 𝐼መℂಿೇ
(𝑥) = [min(𝐼𝔸ಿೇ

ି (𝑥), 𝐼𝔹ಿೇ

ି (𝑥)), min(𝐼𝔸ಿೇ

ା (𝑥), 𝐼𝔹ಿೇ

ା (𝑥))] 

 𝐹෠ℂಿೇ
(𝑥) = [min(𝐹𝔸ಿೇ

ି (𝑥), 𝐹𝔹ಿೇ

ି (𝑥)), min(𝐹𝔸ಿೇ

ା (𝑥), 𝐹𝔹ಿೇ

ା (𝑥))]. 
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Definition 2.10 [7] The intersection of two NVSs, 𝐴ே௏ and 𝐵ே௏ is a NVSs 𝐶ே௏, written as 
𝐶ே௏ = 𝐴ே௏ ∩ 𝐵ே௏, whose truth-membership function, indeterminacy-membership function and 
false-membership function are related to those of 𝐴ே௏ and 𝐵ே௏ by  

 𝑇෠ℂಿೇ
(𝑥) = [min(𝑇𝔸ಿೇ

ି (𝑥), 𝑇𝔹ಿೇ

ି (𝑥)), min(𝑇𝔸ಿೇ

ା (𝑥), 𝑇𝔹ಿೇ

ା (𝑥))] 

 𝐼መℂಿೇ
(𝑥) = [max(𝐼𝔸ಿೇ

ି (𝑥), 𝐼𝔹ಿೇ

ି (𝑥)), max(𝐼𝔸ಿೇ

ା (𝑥), 𝐼𝔹ಿೇ

ା (𝑥))] 

 𝐹෠ℂಿೇ
(𝑥) = [max(𝐹𝔸ಿೇ

ି (𝑥), 𝐹𝔹ಿೇ

ି (𝑥)), max(𝐹𝔸ಿೇ

ା (𝑥), 𝐹𝔹ಿೇ

ା (𝑥))]. 
 Definition 2.11 [26] Let 𝔾∗ = (ℝ, 𝕊) be a graph. A pair 𝔾 = (𝔸, 𝔹) is called a neutrosophic 
vague graph (NVG) on 𝔾∗  or a neutrosophic vague graph where 𝔸 = (𝑇෠𝔸, 𝐼መ𝔸, 𝐹෠𝔸)  is a 
neutrosophic vague set on ℝ  and 𝔹 = (𝑇෠𝔹, 𝐼መ𝔹, 𝐹෠𝔹)  is a neutrosophic vague set 𝕊 ⊆ ℝ × ℝ 
where  
 (1)ℝ = {𝑣ଵ, 𝑣ଶ, . . . , 𝑣௡} such that (𝑇ି)𝔸: ℝ → [0,1], (𝐼ି)𝔸: ℝ → [0,1], (𝐹ି)𝔸: ℝ → [0,1] which 

satisfies the condition 𝐹𝔸
ି = [1 − 𝑇𝔸

ା] 
𝑇𝔸

ା: ℝ → [0,1], 𝐼𝔸
ା: ℝ → [0,1], 𝐹𝔸

ା: ℝ → [0,1] which satisfies the condition 𝐹𝔸
ା = [1 − 𝑇𝔸

ି]  
 denotes the degree of truth membership function, indeterminacy membership and falsity 

membership of the element 𝑣௜ ∈ ℝ, and  
 0 ≤ 𝑇𝔸

ି(𝑣௜) + 𝐼𝔸
ି(𝑣௜) + 𝐹𝔸

ି(𝑣௜) ≤ 2 
 0 ≤ 𝑇𝔸

ା(𝑣௜) + 𝐼𝔸
ା(𝑣௜) + 𝐹𝔸

ା(𝑣௜) ≤ 2. 
 (2) 𝕊 ⊆ ℝ × ℝ where  

 𝑇𝔹
ି: ℝ × ℝ → [0,1], 𝐼𝔹

ି: ℝ × ℝ → [0,1], 𝐹𝔹
ି: ℝ × ℝ → [0,1] 

 𝑇𝔹
ା: ℝ × ℝ → [0,1], 𝐼𝔹

ା: ℝ × ℝ → [0,1], 𝐹𝔹
ା: ℝ × ℝ → [0,1] 

 denotes the degree of truth membership function, indeterminacy membership and falsity 
membership of the element 𝑣௜ , 𝑣௝ ∈ 𝕊, respectively and such that,  

 0 ≤ 𝑇𝔹
ି(𝑣௜𝑣௝) + 𝐼𝔹

ି(𝑣௜𝑣௝) + 𝐹𝔹
ି(𝑣௜𝑣௝) ≤ 2 

 0 ≤ 𝑇𝔹
ା(𝑣௜𝑣௝) + 𝐼𝔹

ା(𝑣௜𝑣௝) + 𝐹𝔹
ା(𝑣௜𝑣௝) ≤ 2, 

 such that  
 𝑇𝔹

ି(𝑣௜𝑣௝) ≤ min{𝑇𝔸
ି(𝑣௜), 𝑇𝔸

ି(𝑣௝)} 
 𝐼𝔹

ି(𝑣௜𝑣௝) ≤ min{𝐼𝔸
ି(𝑣௜), 𝐼𝔸

ି(𝑣௝)} 
 𝐹𝔹

ି(𝑣௜𝑣௝) ≤ max{𝐹𝔸
ି(𝑣௜), 𝐹𝔸

ି(𝑣௝)}, 
 and similarly  

 𝑇𝔹
ା(𝑣௜𝑣௝) ≤ min{𝑇𝔸

ା(𝑣௜), 𝑇𝔸
ା(𝑣௝)} 

 𝐼𝔹
ା(𝑣௜𝑣௝) ≤ min{𝐼𝔸

ା(𝑣௜), 𝐼𝔸
ା(𝑣௝)} 

 𝐹𝔹
ା(𝑣௜𝑣௝) ≤ max{𝐹𝔸

ା(𝑣௜), 𝐹𝔸
ା(𝑣௝)}. 

Definition 2.12 [3] A neutrosophic incidence graph of an incidence graph, 𝐺∗ = (𝑉, 𝐸, 𝐼), is an 
ordered triplet, 𝐺෨ = (𝐴, 𝐵, 𝐶), such that  

1. 𝐴 is a neutrosophic set on 𝑉, 
2. 𝐵 is a neutrosophic relation on 𝑉 and 
3. 𝐶 is a neutrosophic subset of 𝑉 × 𝐸 such that  
 𝑇஼(𝑥, 𝑥𝑦) ≤ min{𝑇஺(𝑥), 𝑇஻(𝑥𝑦)}, 
 𝐼஼(𝑥, 𝑥𝑦) ≤ min{𝐼஺(𝑥), 𝐼஻(𝑥𝑦)}, 
 𝐹஼(𝑥, 𝑥𝑦) ≤ max{𝐹஺(𝑥), 𝐹஻(𝑥𝑦)}, forall𝑥𝑦 ∈ 𝐸 

Definition 2.13 Let 𝐺∗ = (𝑉, 𝐸) be a crisp graph. A pair 𝐺 = (𝐽, 𝐾) is called a neutrosophic 
bipolar vague graph (NBVG) on 𝐺∗  or a neutrosophic bipolar vague graph where 𝐽௉ =

((𝑇෠௃)௉ , (𝐼መ௃)௉ , (𝐹෠௃)௉), 𝐽ே = ((𝑇෠௃)ே , (𝐼መ௃)ே, (𝐹෠௃)ே) is a neutrosophic bipolar vague set on 𝑉 and 
𝐾௉ = ((𝑇෠௄)௉ , (𝐼መ௄)௉ , (𝐹෠௄)௉), 𝐾ே = ((𝑇෠)௄)ே, (𝐼መ)௄)ே, (𝐹෠)௄)ே) is a neutrosophic Bipolar vague 
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set 𝐸 ⊆ 𝑉 × 𝑉 where  
 (1)𝑉 = {𝑣ଵ, 𝑣ଶ, . . . , 𝑣௡} such that (𝑇௃

ି)௉: 𝑉 → [0,1], (𝐼௃
ି)௉: 𝑉 → [0,1], (𝐹௃

ି)௉: 𝑉 → [0,1] which 
satisfies the condition (𝐹௃

ି)௉ = [1 − (𝑇௃
ା)௉] 

(𝑇௃
ା)௉: 𝑉 → [0,1], (𝐼௃

ା)௉: 𝑉 → [0,1], (𝐹௃
ା)௉: 𝑉 → [0,1] which satisfies the condition (𝐹௃

ା)௉ =

[1 − (𝑇௃
ି)௉] 

And  
(𝑇௃

ି)ே: 𝑉 → [−1,0], (𝐼௃
ି)ே: 𝑉 → [−1,0], (𝐹௃

ି)ே: 𝑉 → [−1,0] which satisfies the condition 
(𝐹௃

ି)ே = [−1 − (𝑇௃
ା)ே] 

(𝑇௃
ା)ே: 𝑉 → [−1,0], (𝐼௃

ା)ே: 𝑉 → [−1,0], (𝐹௃
ା)ே: 𝑉 → [−1,0] which satisfies the condition 

(𝐹௃
ା)ே = [−1 − (𝑇௃

ି)ே] 
 denotes the degree of truth membership function, indeterminacy membership and falsity 

membership of the element 𝑣௜ ∈ 𝑉., and  
 0 ≤ (𝑇௃

ି)௉(𝑣௜) + (𝐼௃
ି)௉(𝑣௜) + (𝐹௃

ି)௉(𝑣௜) ≤ 2. 
 0 ≤ (𝑇௃

ା)௉(𝑣௜) + (𝐼௃
ା)௉(𝑣௜) + (𝐹௃

ା)௉(𝑣௜) ≤ 2. 
 0 ≥ (𝑇௃

ି)ே(𝑣௜) + (𝐼௃
ି)ே(𝑣௜) + (𝐹௃

ି)ே(𝑣௜) ≥ −2. 
 0 ≤ (𝑇௃

ା)ே(𝑣௜) + (𝐼௃
ା)ே(𝑣௜) + (𝐹௃

ା)ே(𝑣௜) ≥ −2. 
 (2) 𝐸 ⊆ 𝑉 × 𝑉 where  

 (𝑇௄
ି)௉: 𝑉 × 𝑉 → [0,1], (𝐼௄

ି)௉: 𝑉 × 𝑉 → [0,1], (𝐹௄
ି)௉: 𝑉 × 𝑉 → [0,1] 

 (𝑇௄
ା)௉: 𝑉 × 𝑉 → [0,1], (𝐼௄

ା)௉: 𝑉 × 𝑉 → [0,1], (𝐹௄
ା)𝑃: 𝑉 × 𝑉 → [0,1] 

 𝐴𝑛𝑑 
 (𝑇௄

ି)ே: 𝑉 × 𝑉 → [−1,0], (𝐼௄
ି)ே: 𝑉 × 𝑉 → [−1,0], (𝐹௄

ି)ே: 𝑉 × 𝑉 → [−1,0] 
 (𝑇௄

ା)ே: 𝑉 × 𝑉 → [−1,0], (𝐼௄
ା)ே: 𝑉 × 𝑉 → [−1,0], (𝐹௄

ା)𝑁: 𝑉 × 𝑉 → [−1,0] 
 denotes the degree of truth membership function, indeterminacy membership and falsity 
membership of the element 𝑣௜ , 𝑣௝ ∈ 𝐸. respectively and such that  

 0 ≤ (𝑇௄
ି)௉(𝑣௜ , 𝑣௝) + (𝐼௄

ି)௉(𝑣௜ , 𝑣௝) + (𝐹௄
ି)௉(𝑣௜ , 𝑣௝) ≤ 2. 

 0 ≤ (𝑇௄
ା)௉(𝑣௜ , 𝑣௝) + (𝐼௄

ା)௉(𝑣௜ , 𝑣௝) + (𝐹௄
ା)௉(𝑣௜ , 𝑣௝) ≤ 2. 

 0 ≥ (𝑇௄
ି)ே(𝑣௜ , 𝑣௝) + (𝐼௄

ି)ே(𝑣௜ , 𝑣௝) + (𝐹௄
ି)ே(𝑣௜ , 𝑣௝) ≥ −2. 

 0 ≥ (𝑇௄
ା)ே(𝑣௜ , 𝑣௝) + (𝐼௄

ା)ே(𝑣௜ , 𝑣௝) + (𝐹௄
ା)ே(𝑣௜ , 𝑣௝) ≥ −2. 

 such that  
 (𝑇௄

ି)௉(𝑥𝑦) ≤ min{(𝑇௃
ି)௉(𝑥), (𝑇௃

ି)௉(𝑦)} 
 (𝐼௄

ି)௉(𝑥𝑦) ≤ max{(𝐼௃
ି)௉(𝑥), (𝐼௃

ି)௉(𝑦)} 
 (𝐹௄

ି)௉(𝑥𝑦) ≤ max{(𝐹௃
ି)௉(𝑥), (𝐹௃

ି)௉(𝑦)} 
 (𝑇௄

ା)௉(𝑥𝑦) ≤ min{(𝑇௃
ା)௉(𝑥), (𝑇௃

ା)௉(𝑦)} 
 (𝐼௄

ା)௉(𝑥𝑦) ≤ max{(𝐼௃
ା)௉(𝑥), (𝐼௃

ା)௉(𝑦)} 
 (𝐹௄

ା)௉(𝑥𝑦) ≤ max{(𝐹௃
ା)௉(𝑥), (𝐹௃

ା)௉(𝑦)}, 
 And  

 (𝑇௄
ି)ே(𝑥𝑦) ≥ max{(𝑇௃

ି)ே(𝑥), (𝑇௃
ି)ே(𝑦)} 

 (𝐼௄
ି)ே(𝑥𝑦) ≥ min{(𝐼௃

ି)ே(𝑥), (𝐼௄
ି)ே(𝑦)} 

 (𝐹௄
ି)ே(𝑥𝑦) ≥ min{(𝐹௃

ି)ே(𝑥), (𝐹௃
ି)ே(𝑦)}, 

 (𝑇௄
ା)ே(𝑥𝑦) ≥ max{(𝑇௃

ା)ே(𝑥), (𝑇௃
ା)ே(𝑦)} 

 (𝐼௄
ା)ே(𝑥𝑦) ≥ min{(𝐼௃

ା)ே(𝑥), (𝐼௃
ା)ே(𝑦)} 

 (𝐹௄
ା)ே(𝑥𝑦) ≥ min{(𝐹௃

ା)ே(𝑥), (𝐹௃
ା)ே(𝑦)}, 
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3  Neutrosophic Bipolar Vague incidence Graph 
In this section, the definition of NBVIGs are introduced. Some properties on edge-connectivity, 
vertex-connectivity and pair-connectivity in neutrosophic bipolar vague incidence graphs are 
established.   
Definition 3.1 A neutrosophic bipolar vague incidence graph of an incidence graph 𝐺 =
(𝕍, 𝔼, 𝕀), is an ordered triplet, 𝐺∗ = (𝑄, 𝑅, 𝑆), such that 

1. 𝑄 is a neutrosophic bipolar vague set on 𝕍, 
2. 𝑅 is a neutrosophic bipolar vague relation on 𝕍 and 
3. 𝑆 is a neutrosophic bipolar vague subset of 𝕍 × 𝔼 such that  
 (𝑇ௌ

ି)௉(𝑎, 𝑎𝑏) ≤ min{(𝑇ொ
ି)௉(𝑎), (𝑇ோ

ି)௉(𝑎𝑏)}, 
 (𝐼ௌ

ି)௉(𝑎, 𝑎𝑏) ≤ min{(𝐼ொ
ି)௉(𝑎), (𝐼ோ

ି)௉(𝑎𝑏)}, 
 (𝐹ௌ

ି)௉(𝑎, 𝑎𝑏) ≤ max{(𝐹ொ
ି)௉(𝑎), (𝐹ோ

ି)௉(𝑎𝑏)}, 
 similarly  

 (𝑇ௌ
ା)௉(𝑎, 𝑎𝑏) ≤ min{(𝑇ொ

ା)௉(𝑎), (𝑇ோ
ା)௉(𝑎𝑏)}, 

 (𝐼ௌ
ା)௉(𝑎, 𝑎𝑏) ≤ min{(𝐼ொ

ା)௉(𝑎), (𝐼ோ
ା)௉(𝑎𝑏)}, 

 (𝐹ௌ
ା)௉(𝑎, 𝑎𝑏) ≤ max{(𝐹ொ

ା)௉(𝑎), (𝐹ோ
ା)௉(𝑎𝑏)}, ∀𝑎 ∈ 𝕍, 𝑎𝑏 ∈ 𝔼. 

 similarly negative part  
 (𝑇ௌ

ି)ே(𝑎, 𝑎𝑏) ≥ max{(𝑇ொ
ି)ே(𝑎), (𝑇ோ

ି)ே(𝑎𝑏)}, 
 (𝐼ௌ

ି)ே(𝑎, 𝑎𝑏) ≥ max{(𝐼ொ
ି)ே(𝑎), (𝐼ோ

ି)ே(𝑎𝑏)}, 
 (𝐹ௌ

ି)ே(𝑎, 𝑎𝑏) ≥ min{(𝐹ொ
ି)ே(𝑎), (𝐹ோ

ି)ே(𝑎𝑏)}, 
 similarly  

 (𝑇ௌ
ା)ே(𝑎, 𝑎𝑏) ≥ max{(𝑇ொ

ା)ே(𝑎), (𝑇ோ
ା)ே(𝑎𝑏)}, 

 (𝐼ௌ
ା)ே(𝑎, 𝑎𝑏) ≥ max{(𝐼ொ

ା)ே(𝑎), (𝐼ோ
ା)ே(𝑎𝑏)}, 

 (𝐹ௌ
ା)ே(𝑎, 𝑎𝑏) ≥ min{(𝐹ொ

ା)ே(𝑎), (𝐹ோ
ା)ே(𝑎𝑏)}, ∀𝑎 ∈ 𝕍, 𝑎𝑏 ∈ 𝔼. 

  
Example 3.1 Consider an incidence graph 𝐺 = (𝕍, 𝔼, 𝕀)  such that 𝕍 = {𝑞, 𝑟, 𝑠, 𝑡} , 𝔼 =
{𝑞𝑟, 𝑟𝑠, 𝑟𝑡, 𝑠𝑡, 𝑞𝑡}  and 
𝕀 = {(𝑞, 𝑞𝑟), (𝑟, 𝑞𝑟), (𝑟, 𝑟𝑠), (𝑠, 𝑟𝑠), (𝑟, 𝑟𝑡), (𝑡, 𝑟𝑡), (𝑠, 𝑠𝑡), (𝑡, 𝑠𝑡), (𝑞, 𝑞𝑡), (𝑡, 𝑞𝑡)},  as shown in 
figure 1 
Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be a neutrosophic bipolar vague incidence graph associated with 𝐺, as shown 
in figure 3, where 𝑞௉ = [0.5,0.5], [0.4,0.4], [0.5,0.5] , 𝑟௉ = [0.3,0.4], [0.5,0.6], [0.6,0.7] , 
𝑠௉ = [0.7,0.5], [0.3,0.4], [0.5,0.3], 𝑡௉ = [0.4,0.7], [0.4,0.6], [0.3,0.6] 

(𝑞ି)௉ = (0.5,0.4,0.5), (𝑞ା)௉ = (0.5,0.4,0.5) , (𝑟ି)௉ = (0.3,0.5,0.6), (𝑟ା)௉ =
(0.4,0.6,0.7) 

(𝑠ି)௉ = (0.7,0.3,0.5), (𝑠ା)௉ = (0.5,0.4,0.3)  (𝑡ି)௉ = (0.3,0.4,0.3), (𝑡ା)௉ =
(0.7,0.6,0.6) 

𝑞ே = [−0.5, −0.4], [−0.4, −0.3], [−0.6, −0.5] , 
𝑟ே = [−0.3, −0.4], [−0.4, −0.5], [−0.6, −0.7] , 𝑠ே = [−0.7, −0.5], [−0.2, −0.2], [−0.5, −0.3] , 
𝑡ே = [−0.4, −0.7], [−0.4, −0.6], [−0.3, −0.6] 

(𝑞ି)ே = (−0.5, −0.4, −0.6), (𝑞ା)ே = (−0.5, −0.4, −0.6)  
(𝑟ି)ே = (−0.3, −0.4, −0.6), (𝑟ା)ே = (−0.4, −0.5, −0.7) 

(𝑠ି)ே = (−0.7, −0.2, −0.5), (𝑠ା)ே = (−0.5, −0.4, −0.3)  
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(𝑡ି)ே = (−0.4, −0.4, −0.3), (𝑡ା

 
 
 

   
 

   
 
 
 
 

ା)ே = (−0.7, −0.6, −0.6) 

  
𝐹𝑖𝑔𝑢𝑟𝑒 1 

Incidence graph  

 

  
𝐹𝑖𝑔𝑢𝑟𝑒 2 

Neutrosophic Vague Graph  
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Neutrosophic 
   

Definition 3.2 The support of an NBVIG 
𝑄∗ = support of 𝑄௉ = {𝑎

𝑅∗ = support of 𝑅௉ = {𝑎𝑏
𝑆∗ = support of 𝑆௉ = {(

negative part 𝑄∗ = support of 
𝑅∗ = support of 𝑅ே = {𝑎𝑏
𝑆∗ = support of 𝑆ே = {(

Definition 3.3 If 𝑎𝑏 ∈ 𝑅∗ , then 
(𝑎, 𝑎𝑏), (𝑏, 𝑎𝑏) ∈ 𝑆∗ then (𝑎, 𝑎𝑏

  
Definition 3.4 Suppose 
𝑃 = 𝑎଴, (𝑎଴, 𝑎଴𝑎ଵ), 𝑎଴𝑎ଵ, (𝑎ଵ, 𝑎଴,
(𝑎௡ିଵ, 𝑎௡ିଵ𝑎௡), 𝑎௡ିଵ𝑎௡, (𝑎௡, 𝑎௡ି

walk if 𝑎଴ = 𝑎௡. In the above sequence, if all edges are distinct, then it is trail, and if the pairs are 
distinct, then it is an incidence trail. 
a cycle if the initial and end vertices of the path are s
connected, if they are joined by a path.
Example 3.2 In the above example, one can see that

𝑃ଵ = 𝑞, (𝑞, 𝑞𝑟), 𝑞𝑟, (𝑟, 𝑞𝑟
closed walk since the initial and final vertices are same. (i.e) it is not a path, but it is a trail and 
incidence trail 𝑃ଶ = 𝑞, (𝑞, 𝑞𝑟), 𝑞𝑟
and incidence trail.  

  
𝐹𝑖𝑔𝑢𝑟𝑒 3 

Neutrosophic Bipolar Vague Incidence Graph  

The support of an NBVIG 𝐺∗ = (𝑄, 𝑅, 𝑆) is denoted by 𝐺∗∗ = (𝑄
𝑎 ∈ 𝕍: 𝑇෠ொ

௉(𝑎) > 0, 𝐼መொ
௉(𝑎) > 0, 𝐹෠ொ

௉(𝑎) > 0} 
𝑎𝑏 ∈ 𝔼: 𝑇෠ோ

௉(𝑎𝑏) > 0, 𝐼መோ
௉(𝑎𝑏) > 0, 𝐹෠ோ

௉(𝑎𝑏) > 0} 
(𝑎, 𝑎𝑏) ∈ 𝕀: 𝑇෠ௌ

௉(𝑎, 𝑎𝑏) > 0, 𝐼መௌ
௉(𝑎, 𝑎𝑏) > 0, 𝐹෠ௌ

௉(𝑎

support of 𝑄ே = {𝑎 ∈ 𝕍: 𝑇෠ொ
ே(𝑎) < 0, 𝐼መொ

ே(𝑎) < 0, 𝐹෠ொ
ே

𝑎𝑏 ∈ 𝔼: 𝑇෠ோ
ே(𝑎𝑏) < 0, 𝐼መோ

ே(𝑎𝑏) < 0, 𝐹෠ோ
ே(𝑎𝑏) < 0}

(𝑎, 𝑎𝑏) ∈ 𝕀: 𝑇෠ௌ
ே(𝑎, 𝑎𝑏) < 0, 𝐼መௌ

ே(𝑎, 𝑎𝑏) < 0, 𝐹෠ௌ
ே(𝑎

, then 𝑎𝑏  is the edges of the NBVIG 𝐺∗ =
𝑎𝑏) and (𝑏, 𝑎𝑏) are called pair of 𝐺∗.  

  

, 𝑎ଵ), 𝑎ଵ, (𝑎ଵ, 𝑎ଵ𝑎ଶ), 𝑎ଵ𝑎ଶ, (𝑎ଶ, 𝑎ଵ, 𝑎ଶ), . . . 𝑎௡ିଵ, 
ିଵ, 𝑎௡) of vertices, edges and pairs in 𝐺∗ is a walk. It is a closed 

In the above sequence, if all edges are distinct, then it is trail, and if the pairs are 
distinct, then it is an incidence trail. 𝑃 is called a path, if the vertices are distinct. A path is called 
a cycle if the initial and end vertices of the path are same. Any two vertices of 𝐺
connected, if they are joined by a path.  

In the above example, one can see that 
𝑞𝑟), 𝑟, (𝑟, 𝑟𝑠), 𝑟𝑠, (𝑠, 𝑟𝑠), 𝑡, (𝑡, 𝑡𝑞), 𝑡𝑞, (𝑞, 𝑡𝑞), 𝑞  is a walk. It is a 

closed walk since the initial and final vertices are same. (i.e) it is not a path, but it is a trail and 
𝑞𝑟, (𝑟, 𝑞𝑟), 𝑟, (𝑟, 𝑟𝑠), 𝑟𝑡, (𝑡, 𝑟𝑡), 𝑡. Then, 𝑃ଶ  is a walk, path trail 

 

𝑄∗, 𝑅∗, 𝑆∗) where 

 
, 𝑎𝑏) > 0}. 

ே(𝑎) < 0} 
} 
𝑎, 𝑎𝑏) < 0}. 
(𝑄, 𝑅, 𝑆)  and if 

 
is a walk. It is a closed 

In the above sequence, if all edges are distinct, then it is trail, and if the pairs are 
is called a path, if the vertices are distinct. A path is called 

∗ are said to be 

is a walk. It is a 
closed walk since the initial and final vertices are same. (i.e) it is not a path, but it is a trail and 

is a walk, path trail 
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Definition 3.5 Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be an NBVIG, then 𝐻 = (𝐿, 𝑀, 𝑁) is a neutrosophic bipolar 
vague incidence subgraph of 𝐺∗,  if 𝐿 ⊆ 𝑄, 𝑀 ⊆    and 𝑁 ⊆ 𝑆.  Also, 𝐻  is a neutrsophic 
incidence spanning subgraph of 𝐺∗, if 𝐿 = 𝑄.  
Definition 3.6 In an NBVIG, the strength of a path, 𝑃 is an ordered triplet denoted by 𝕊(𝑃) =
(𝑠ଵ, 𝑠ଶ, 𝑠ଷ), where  

𝑠ଵ = min{𝑇෠ோ
௉(𝑎𝑏): 𝑎𝑏 ∈ 𝑃}, 𝑠ଶ = min{𝐼መோ

௉(𝑎𝑏): 𝑎𝑏 ∈ 𝑃}, 𝑠ଷ = max{𝐹෠ோ
௉(𝑎𝑏): 𝑎𝑏 ∈ 𝑃}. 

 𝑠ଵ = max{𝑇෠ோ
ே(𝑎𝑏): 𝑎𝑏 ∈ 𝑃}, 𝑠ଶ = max{𝐼መோ

ே(𝑎𝑏): 𝑎𝑏 ∈ 𝑃}, 𝑠ଷ = min{𝐹෠ோ
ே(𝑎𝑏): 𝑎𝑏 ∈ 𝑃}. 

 Similarly, the incidence strength of a path, 𝑃, in an NBVG is denoted by 𝐼𝕊(𝑃) = (𝑖𝑠ଵ, 𝑖𝑠ଶ, 𝑖𝑠ଷ), 
where  

 𝑖𝑠ଵ = min{𝑇෠ௌ
௉(𝑎𝑏): (𝑎, 𝑎𝑏) ∈ 𝑃}, 𝑖𝑠ଶ = min{𝐼መௌ

௉(𝑎𝑏): (𝑎, 𝑎𝑏) ∈ 𝑃}, 𝑖𝑠ଷ =
max{𝐹෠ௌ

௉(𝑎𝑏): (𝑎, 𝑎𝑏) ∈ 𝑃}. 
  

 𝑖𝑠ଵ = max{𝑇෠ௌ
ே(𝑎𝑏): (𝑎, 𝑎𝑏) ∈ 𝑃}, 𝑖𝑠ଶ = max{𝐼መௌ

ே(𝑎𝑏): (𝑎, 𝑎𝑏) ∈ 𝑃}, 𝑖𝑠ଷ =
min{𝐹෠ௌ

ே(𝑎𝑏): (𝑎, 𝑎𝑏) ∈ 𝑃}. 
  
Definition 3.7 In an NBVG, 𝐺∗ = (𝑄, 𝑅, 𝑆) the greatest strength of the path from 𝑙 to 𝑚, where 
𝑙, 𝑚 ∈ 𝑄∗ ∪ 𝑅∗ is the maximum of strength of all paths from 𝑙 to 𝑚.  

 (𝕊௉)∞(𝑙, 𝑚) = max{𝕊(𝑃ଵ), 𝕊(𝑃ଶ), 𝕊(𝑃ଷ), . . . } 
 = (𝑠ଵ

∞, 𝑠ଶ
∞, 𝑠ଷ

∞) 
 = (max(𝑠ଵଵ, 𝑠ଵଶ, 𝑠ଵଷ, . . . . ), max(𝑠ଶଵ, 𝑠ଶଶ, 𝑠ଶଷ, . . . ), min(𝑠ଷଵ, 𝑠ଷଶ, 𝑠ଷଷ, . . )), 

 and  
 (𝕊ே)∞(𝑙, 𝑚) = min{𝕊(𝑃ଵ), 𝕊(𝑃ଶ), 𝕊(𝑃ଷ), . . . } 
 = (𝑠ଵ

∞, 𝑠ଶ
∞, 𝑠ଷ

∞) 
 = (min(𝑠ଵଵ, 𝑠ଵଶ, 𝑠ଵଷ, . . . . ), min(𝑠ଶଵ, 𝑠ଶଶ, 𝑠ଶଷ, . . . ), max(𝑠ଷଵ, 𝑠ଷଶ, 𝑠ଷଷ, . . )), 

 (𝕊ே)∞(𝑙, 𝑚) is sometimes called the connectedness between 𝑙 and 𝑚. 
Similarly, the greatest incidence strength of the path from 𝑙 to 𝑚, where 𝑙, 𝑚 ∈ 𝑄∗ ∪ 𝑅∗ 

is the maximum of incidence strength of all paths from 𝑙 to 𝑚.  
 (𝐼𝕊௉)∞(𝑙, 𝑚) = max{𝐼𝕊(𝑃ଵ), 𝐼𝕊(𝑃ଶ), 𝐼𝕊(𝑃ଷ), . . . } 
 = (𝑖𝑠ଵ

∞, 𝑖𝑠ଶ
∞, 𝑖𝑠ଷ

∞) 
 = (max(𝑖𝑠ଵଵ, 𝑖𝑠ଵଶ, 𝑖𝑠ଵଷ, . . . . ), max(𝑖𝑠ଶଵ, 𝑖𝑠ଶଶ, 𝑖𝑠ଶଷ, . . . ), min(𝑖𝑠ଷଵ, 𝑖𝑠ଷଶ, 𝑖𝑠ଷଷ, . . )), 

 and  
 (𝐼𝕊ே)∞(𝑙, 𝑚) = min{𝐼𝕊(𝑃ଵ), 𝐼𝕊(𝑃ଶ), 𝐼𝕊(𝑃ଷ), . . . } 
 = (𝑖𝑠ଵ

∞, 𝑖𝑠ଶ
∞, 𝑖𝑠ଷ

∞) 
 = (min(𝑖𝑠ଵଵ, 𝑖𝑠ଵଶ, 𝑖𝑠ଵଷ, . . . . ), min(𝑖𝑠ଶଵ, 𝑖𝑠ଶଶ, 𝑖𝑠ଶଷ, . . . ), max(𝑖𝑠ଷଵ, 𝑖𝑠ଷଶ, 𝑖𝑠ଷଷ, . . )), 

 where 𝑃௝ , 𝑗 = 1,2,3, . .. are different paths from 𝑙 to 𝑚. 
(𝐼𝕊௉)∞(𝑙, 𝑚) and (𝐼𝕊ே)∞(𝑙, 𝑚) is sometimes represented as the incidence connectedness 

between 𝑙 to 𝑚.  
Definition 3.8 An NBVG, 𝐺∗ = (𝑄, 𝑅, 𝑆)  is a cycle if and only if, the underlying graph, 
𝐺∗∗ = (𝑄∗, 𝑅∗, 𝑆∗) is a cycle.  
Definition 3.9 An NBVG, 𝐺∗ = (𝑄, 𝑅, 𝑆) is a is a neutrosophic bipolar vague cycle if and only if, 
𝐺∗∗ = (𝑄∗, 𝑅∗, 𝑆∗) is a cycle and there exist no unique edge, 𝑎𝑏 ∈ 𝑅∗ such that  

 (𝑇෠)ோ
௉(𝑥𝑦) = min{(𝑇෠)ோ

௉(𝑎𝑏): 𝑎𝑏 ∈ 𝑅∗}, 
 (𝐼መ)ோ

௉(𝑥𝑦) = min{(𝐼መ)ோ
௉(𝑎𝑏): 𝑎𝑏 ∈ 𝑅∗}, 

 (𝐹෠)ோ
௉(𝑥𝑦) = max{(𝐹෠)ோ

௉(𝑎𝑏): 𝑎𝑏 ∈ 𝑅∗}. 𝑎𝑛𝑑 
  

GORTERIA JOURNAL

VOLUME 34, ISSUE 8 - 20218

ISSN: 0017-2294

Page No: 70



 (𝑇෠)ோ
ே(𝑥𝑦) = max{(𝑇෠)ோ

ே(𝑎𝑏): 𝑎𝑏 ∈ 𝑅∗}, 
 (𝐼መ)ோ

ே(𝑥𝑦) = max{(𝐼መ)ோ
ே(𝑎𝑏): 𝑎𝑏 ∈ 𝑅∗}, 

 (𝐹෠)ோ
ே(𝑥𝑦) = min{(𝐹෠)ோ

ே(𝑎𝑏): 𝑎𝑏 ∈ 𝑅∗}. 
Definition 3.10 An NBVG, 𝐺∗ = (𝑄, 𝑅, 𝑆) is a neutrosophic bipolar vague incidence cycle if and 
only if, 𝐺∗∗ = (𝑄∗, 𝑅∗, 𝑆∗) is a cycle and there exist no unique edge, 𝑎𝑏 ∈ 𝑆∗ such that  

 (𝑇෠)ௌ
௉(𝑥, 𝑥𝑦) = min{(𝑇෠)ௌ

௉(𝑎, 𝑎𝑏): 𝑎𝑏 ∈ 𝑆∗}, 
 (𝐼መ)ௌ

௉(𝑥, 𝑥𝑦) = min{(𝐼መ)ௌ
௉(𝑎, 𝑎𝑏): 𝑎𝑏 ∈ 𝑆∗}, 

 (𝐹෠)ௌ
௉(𝑥, 𝑥𝑦) = max{(𝐹෠)ௌ

௉(𝑎, 𝑎𝑏): 𝑎𝑏 ∈ 𝑆∗}. 𝑎𝑛𝑑  
 (𝑇෠)ௌ

ே(𝑥, 𝑥𝑦) = max{(𝑇෠)ௌ
ே(𝑎, 𝑎𝑏): 𝑎𝑏 ∈ 𝑆∗}, 

 (𝐼መ)ௌ
ே(𝑥, 𝑥𝑦) = max{(𝐼መ)ௌ

ே(𝑎, 𝑎𝑏): 𝑎𝑏 ∈ 𝑆∗}, 
 (𝐹෠)ௌ

ே(𝑥, 𝑥𝑦) = min{(𝐹෠)ௌ
ே(𝑎, 𝑎𝑏): 𝑎𝑏 ∈ 𝑆∗}.  

Definition 3.11 Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be an NBVIG. An edge 𝑎𝑏 in 𝐺 is called a bridge if and only 
if, 𝑎𝑏 is a bridge in 𝐺∗∗ = (𝑄∗, 𝑅∗, 𝑆∗) that is, the removal of 𝑎𝑏 disconnectes 𝐺∗∗. An edge, 𝑎𝑏 
is called a neutrosophic vague bridge if  

 (𝕊௉)′∞(𝑥, 𝑦) < (𝕊௉)∞(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 
 (𝑠ଵ

′∞, 𝑠ଶ
′∞, 𝑠ଷ

′∞, ) < (𝑠ଵ
∞, 𝑠ଶ

∞, 𝑠ଷ
∞, ) 

 ⇒ 𝑠ଵ
′∞ < 𝑠ଵ

∞, 𝑠ଶ
′∞ < 𝑠ଶ

∞, 𝑠ଷ
′∞ > 𝑠ଷ

∞, 
 and  

 (𝕊ே)′∞(𝑥, 𝑦) > (𝕊ே)∞(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 
 (𝑠ଵ

′∞, 𝑠ଶ
′∞, 𝑠ଷ

′∞, ) < (𝑠ଵ
∞, 𝑠ଶ

∞, 𝑠ଷ
∞, ) 

 ⇒ 𝑠ଵ
′∞ < 𝑠ଵ

∞, 𝑠ଶ
′∞ < 𝑠ଶ

∞, 𝑠ଷ
′∞ > 𝑠ଷ

∞, 
 where (𝕊௉)′∞ , (𝕊ே)′∞  and (𝕊௉)∞ , (𝕊ே)∞  denote the connectedness between 𝑥  and 𝑦  in 
𝐺 ′ = 𝐺∗ − 𝑎𝑏 respectively. 

An edge 𝑎𝑏 is called a neutrosophic bipolar vague incidence bridge if  
 (𝐼𝕊௉)′∞(𝑥, 𝑦) < (𝐼𝕊௉)∞(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 
 (𝑖𝑠ଵ

′∞, 𝑖𝑠ଶ
′∞, 𝑖𝑠ଷ

′∞, ) < (𝑖𝑠ଵ
∞, 𝑖𝑠ଶ

∞, 𝑖𝑠ଷ
∞, ) 

 ⇒ 𝑖𝑠ଵ
′∞ < 𝑖𝑠ଵ

∞, 𝑖𝑠ଶ
′∞ < 𝑖𝑠ଶ

∞, 𝑖𝑠ଷ
′∞ > 𝑖𝑠ଷ

∞, 
 and  

 (𝐼𝕊ே)′∞(𝑥, 𝑦) > (𝐼𝕊ே)∞(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 
 (𝑖𝑠ଵ

′∞, 𝑖𝑠ଶ
′∞, 𝑖𝑠ଷ

′∞, ) < (𝑖𝑠ଵ
∞, 𝑖𝑠ଶ

∞, 𝑖𝑠ଷ
∞, ) 

 ⇒ 𝑖𝑠ଵ
′∞ < 𝑖𝑠ଵ

∞, 𝑖𝑠ଶ
′∞ < 𝑖𝑠ଶ

∞, 𝑖𝑠ଷ
′∞ > 𝑖𝑠ଷ

∞, 
 
where (𝐼𝕊௉)′∞, (𝐼𝕊ே)′∞ and (𝐼𝕊௉)∞ denote the connectedness between 𝑥 and 𝑦 in 𝐺 ′ = 𝐺∗ −
𝑎𝑏 respectively.  
Definition 3.12 Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be an NBVG. A vertex 𝑣 in 𝐺∗ is a cutvertex if and only if it 
is a cutvertex in 𝐺∗∗ = (𝑄∗, 𝑅∗, 𝑆∗) that is 𝐺∗ − 𝑣 is a disconnected graph. 

 A vertex 𝑣  in an NBVIG is called a neutrosophic bipolar vague cutvertex if the 
connectedness between any two vertices in 𝐺 ′ = 𝐺∗ − 𝑣 is less than the conncetedness between 
the same vertices in 𝐺∗ that is, 

 
 (𝕊௉)′∞(𝑥, 𝑦) < (𝕊௉)∞(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 

 
 
 (𝕊ே)ᇱஶ(𝑥, 𝑦) > (𝕊ே)ஶ(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 
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A vertex 𝑣 in NBVIG 𝐺∗ is a neutrosophic bipolar vague incidence cutvertex if for any pair of 
vertices, 𝑥, 𝑦 other than 𝑣 the following condition holds: 

 
 (𝐼𝕊௉)′∞(𝑥, 𝑦) < (𝐼𝕊௉)∞(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 

 
 (𝐼𝕊ே)′∞(𝑥, 𝑦) > (𝐼𝕊ே)∞(𝑥, 𝑦), 𝑓𝑜𝑟𝑠𝑜𝑚𝑒𝑥, 𝑦 ∈ 𝑄∗ 

 
where (𝐼𝕊௉)′∞,(𝐼𝕊ே)′∞ and (𝐼𝕊௉)∞ (𝐼𝕊ே)∞ denote the connectedness between 𝑥 and 𝑦 

in 𝐺 ′ = 𝐺∗ − 𝑎𝑏 respectively.  
Definition 3.13 Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be an NBVIG. A pair (𝑎, 𝑎𝑏) is called a cutpair if and only if, 
(𝑎, 𝑎𝑏) is a cutpair in 𝐺∗∗ = (𝑄∗, 𝑅∗, 𝑆∗) that is after removing the pair (𝑎, 𝑎𝑏) there is no path 
between 𝑎 and 𝑎𝑏.  Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be an NBVIG. A pair (a,ab) is called a neutrosophic 
bipolar vague cutpair if deleting the pair (𝑎, 𝑎𝑏) reduces the connectedness between 𝑎, 𝑎𝑏 ∈
𝑄∗ ∪ 𝑅∗ that is 

 
 (𝕊௉)′∞(𝑎, 𝑎𝑏) < (𝕊௉)∞(𝑎, 𝑎𝑏), 

 
and  
 (𝕊ே)′∞(𝑎, 𝑎𝑏) > (𝕊ே)∞(𝑎, 𝑎𝑏), 

 
where (𝕊௉)′∞(𝑎, 𝑎𝑏) , (𝕊ே)′∞(𝑎, 𝑎𝑏)  and (𝕊௉)∞(𝑎, 𝑎𝑏) , (𝕊ே)∞(𝑎, 𝑎𝑏)  denote the 

connectedness between 𝑎 and 𝑎𝑏 in 𝐺 ′ = 𝐺∗ − {(𝑎, 𝑎𝑏)} and 𝐺∗ respectively. 
 A pair (𝑎, 𝑎𝑏) is called neutrosophic bipolar vague incidence cutpair if 
 
 (𝐼𝕊௉)′∞(𝑎, 𝑎𝑏) < (𝐼𝕊௉)∞(𝑎, 𝑎𝑏), 

for 𝑎, 𝑎𝑏 ∈ 𝑄∗ ∪ 𝑅∗  
and  
 (𝐼𝕊ே)′∞(𝑎, 𝑎𝑏) > (𝐼𝕊ே)∞(𝑎, 𝑎𝑏), 

for 𝑎, 𝑎𝑏 ∈ 𝑄∗ ∪ 𝑅∗  
where (𝐼𝕊௉)′∞(𝑎, 𝑎𝑏) , (𝐼𝕊ே)′∞(𝑎, 𝑎𝑏)  and (𝐼𝕊௉)∞(𝑎, 𝑎𝑏) , (𝐼𝕊ே)∞(𝑎, 𝑎𝑏)  denotes the 

connectedness between 𝑎 and 𝑎𝑏 in 𝐺 ′ = 𝐺∗ − {(𝑎, 𝑎𝑏)} and 𝐺∗ respectively.  
Theorem 3.14 Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be a NBVIG. If 𝑎𝑏 is a neutrosophic vague bridge, then 𝑎𝑏 is 
not a weakest edge in any cycle.  

Proof. Let 𝑎𝑏 be a neutrosophic bipolar vague bridge and suppose, on the contrary that 
𝑎𝑏 is the weakest edge of a cycle. Then, in this cycle, we can find an alternative path, 𝑃ଵ from 𝑎 
to 𝑏 that does not contain the edge 𝑎𝑏 and 𝕊𝑃ଵ is greater than of equal to 𝕊𝑃ଶ, where 𝑃ଶ is the 
path involving the edge 𝑎𝑏 . Thus, removal of the edge 𝑎𝑏  from 𝐺∗  does not affect the 
connectedness between 𝑎  and 𝑣 − 𝑎  contradiction to our assumption. Hence, 𝑎𝑏  is not the 
weakest edge in any cycle.  
Theorem 3.15 If (𝑎, 𝑎𝑏) is a neutrosophic bipolar vague incidence cutpair, then (𝑎, 𝑎𝑏) is not 
the weakest pair any cycle.  

Proof. Let (𝑎, 𝑎𝑏) be a neutrosophic bipolar vague incidence cutpair in 𝐺∗. On contrary, 
suppose that (𝑎, 𝑎𝑏) is a weakest pair of a cycle. Then we can find an alternative path from 𝑎 and 
𝑎𝑏 having incidence strength greater than or equal to that of the path involving the pair (𝑎, 𝑎𝑏). 
Thus, removal of the pair (𝑎, 𝑎𝑏) does not affect the incidence connectedness between 𝑎 and 
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𝑎𝑏, but this is a contradiction to our assumption that (𝑎, 𝑎𝑏) is a neutrosophic vague incidence 
cutpair. Hence (𝑎, 𝑎𝑏) is not a weakest pair in any cycle.  
Theorem 3.16 Let 𝐺∗ = (𝑄, 𝑅, 𝑆) be a NBVIG. If 𝑎𝑏 is a neutrosophic bipolar vague bridge in 
𝐺∗, then  

 (𝕊௉)∞(𝑎, 𝑏) = (𝑠ଵ
∞, 𝑠ଶ

∞, 𝑠ଷ
∞) = ((𝑇෠ோ

௉)(𝑎𝑏), (𝐼መோ
௉)(𝑎𝑏), (𝐹෠௉)ோ)(𝑎𝑏)) 

 
 (𝕊ே)∞(𝑎, 𝑏) = (𝑠ଵ

∞, 𝑠ଶ
∞, 𝑠ଷ

∞) = ((𝑇෠ோ
ே)(𝑎𝑏), (𝐼መோ

ே)(𝑎𝑏), (𝐹෠ே)ோ)(𝑎𝑏)) 
 

Proof. Let 𝐺∗ be an NBVIG and 𝑎𝑏 is a neutrosophic bipolar vague bridge in 𝐺∗. On the 
contrary, suppose that  

 (𝕊௉)∞(𝑎, 𝑏) > ((𝑇෠ோ
௉)(𝑎𝑏), (𝐼መோ

௉)(𝑎𝑏), (𝐹෠௉)ோ)(𝑎𝑏)) 
Then, there exists a 𝑎 − 𝑏 path, 𝑃 with  

 
 (𝕊௉)(𝑃) > ((𝑇෠ோ

௉)(𝑎𝑏), (𝐼መோ
௉)(𝑎𝑏), (𝐹෠௉)ோ)(𝑎𝑏)) 

and  
 
 (((𝑇෠ோ

௉)(𝑥𝑦), (𝐼መோ
௉)(𝑥𝑦), (𝐹෠௉)ோ)(𝑥𝑦)))) > (((𝑇෠ோ

௉)(𝑎𝑏), (𝐼መோ
௉)(𝑎𝑏), (𝐹෠௉)ோ)(𝑎𝑏))) 

 
for all edges on path 𝑃. Now, 𝑃 together with the edge, 𝑎𝑏 forms a cycle in which 𝑎𝑏 is 

the weakest edge, but it is a contradiction to the fact that 𝑎𝑏 is a neutrosophic bipolar vague 
bridge. Hence 

 
 (𝕊௉)∞(𝑎, 𝑏) = (𝑠ଵ

∞, 𝑠ଶ
∞, 𝑠ଷ

∞) = ((𝑇෠ோ
௉)(𝑎𝑏), (𝐼መோ

௉)(𝑎𝑏), (𝐹෠௉)ோ)(𝑎𝑏)) 
 

 (𝕊ே)∞(𝑎, 𝑏) = (𝑠ଵ
∞, 𝑠ଶ

∞, 𝑠ଷ
∞) = ((𝑇෠ோ

ே)(𝑎𝑏), (𝐼መோ
ே)(𝑎𝑏), (𝐹෠ே)ோ)(𝑎𝑏)) 

Theorem 3.17 If (𝑎, 𝑎𝑏)  is a neutrosophic bipolar vague incidence cutpair in an NBVIG 
𝐺∗ = (𝑄, 𝑅, 𝑆) then  

 
 (𝐼𝕊௉)∞(𝑎, 𝑎𝑏) = (𝑖𝑠ଵ

∞, 𝑖𝑠ଶ
∞, 𝑖𝑠ଷ

∞) = ((𝑇෠ ௉)ௌ(𝑎, 𝑎𝑏), (𝐼መ௉)ௌ(𝑎, 𝑎𝑏), (𝐹෠௉)ௌ(𝑎, 𝑎𝑏)) 
. and  

 (𝐼𝕊ே)∞(𝑎, 𝑎𝑏) = (𝑖𝑠ଵ
∞, 𝑖𝑠ଶ

∞, 𝑖𝑠ଷ
∞) = ((𝑇෠ ே)ௌ(𝑎, 𝑎𝑏), (𝐼መ௉)ௌ(𝑎, 𝑎𝑏), (𝐹෠ே)ௌ(𝑎, 𝑎𝑏)) 

.  
Proof. The proof is on the same line as the above theorem.  

Theorem 3.18 Let 𝐺∗ = (𝑄, 𝑅, 𝑆)  be an NBVIG and 𝐺∗∗  is a cycle. then an edge 𝑎𝑏  is a 
neutrosophic bipolar vague bridge of 𝐺∗ if and only if it is an edge common to two neutrosophic 
vague incidence cutpairs.  

Proof. Suppose that 𝑎𝑏 is a neutrosophic bipolar vague bridge of 𝐺∗. Then there exist 
vertices 𝑎 and 𝑏 with the 𝑎𝑏  edge lying on every path with the greatest incidence strength 
between 𝑎 and 𝑏. Consequently, there exists only one path, 𝑃(𝑠𝑎𝑦) between 𝑎 and 𝑏 which 
contains a 𝑎𝑏 edge and has the greatest incidence strength. Any pair on 𝑃 will be a neutrosophic 
bipolar vague incidence cutpair, since the removal of any one of them will disconnect 𝑃 and 
reduce the incidence strength.  Conversely, let 𝑎𝑏 be an edge common to two neutrosophic 
bipolar vague incidence cutpairs (𝑎, 𝑎𝑏) and (𝑏, 𝑎𝑏). Thus both (𝑎, 𝑎𝑏) and (𝑏, 𝑎𝑏) are not the 
weakest cutpair of 𝐺∗. Now, 𝐺∗∗ being a cycle, there exists only two paths between any two 
vertices. Also the path 𝑃ଵ from the vertex 𝑎 and 𝑏 not containing the pairs (𝑎, 𝑎𝑏) and (𝑏, 𝑎𝑏) 
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has less incidence strength than the path containing them. Thus, the path with the greatest 
incidence strength from 𝑎 to 𝑏 is  

 
 𝑃ଶ: 𝑎, (𝑎, 𝑎𝑏), 𝑎𝑏, (𝑏, 𝑎𝑏), 𝑏. 

 
Also, 
 
 (𝕊௉)∞(𝑎, 𝑏) = 𝕊(𝑃ଶ) = ((𝑇෠ ௉)ோ(𝑎𝑏), (𝐼መ௉)ோ(𝑎𝑏), (𝐹෠௉)ோ(𝑎𝑏)). 

and  
 (𝕊ே)∞(𝑎, 𝑏) = 𝕊(𝑃ଶ) = ((𝑇෠ ே)ோ(𝑎𝑏), (𝐼መ௉)ோ(𝑎𝑏), (𝐹෠ே)ோ(𝑎𝑏)). 

Therefore, 𝑎𝑏 is a neutrosophic bipolar vague bridge.    
4  Conclusion 

 In this work, the neutrosophic bipolar vague incidence graphs have been introduced. The 
edge-connectivity, vertex-connectivity and pair-connectivity in neutrosophic bipolar vague 
incidence graphs have been established. The given results are illustrated with suitable example. In 
future, interval neutrosophic incidence graphs and neutrosophic soft incidence graphs with their 
properties will be developed.  
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