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ABSTRACT 
In this paper, we introduced a new neutrosophic graphs called bipolar complex neutrosophic graphs of type1 

(BCNG1) and presented a matrix representation for it and studied some properties of this new concept. The concept 

of BCNG1 is an extension of generalized fuzzy graphs of type 1 (GFG1), generalized single valued neutrosophic 

graphs of type 1 (GSVNG1), Generalized bipolar neutrosophic graphs of type 1(GBNG1) and complex neutrosophic 

graph of type 1(CNG1). 

KEYWORDS: Bipolar complex neutrosophic set; Bipolar complex neutrosophic graph of type1; 

Matrix representation. 

1. INTRODUCTION

In 1998, (Smarandache, 1998), introduced a new theory called Neutrosophy, which is basically a 

branch of philosophy that focus on the origin, nature, and scope of neutralities and their 

interactions with different ideational spectra. Based on the neutrosophy, Smarandache defined the 

concept of neutrosophic set which is characterized by a degree of truth membership T, a degree of 

indeterminate- membership I and a degree false-membership F. The concept of neutrosophic set 

theory is a generalization of  the concept of classical sets, fuzzy sets (Zadeh, 1965), intuitionistic 

fuzzy sets (Atanassov, 1986), interval-valued fuzzy sets (Turksen, 1986). Neutrosophic sets is 

mathematical tool used to handle problems like imprecision, indeterminacy and inconsistency of 

data. Specially, the indeterminacy presented in the neutrosophic sets is independent on the truth 

and falsity values. To easily apply the neutrosophic sets to real scientific and engineering areas, 

(Smarandache, 1998) proposed the single valued neutrosophic sets as subclass of neutrosophic 

sets. Later on, (Wang et al., 2010) provided the set-theoretic operators and various properties of 

single valued neutrosophic sets. The concept of neutrosophic sets and their extensions  such as 

bipolar neutrosophic sets, complex neutrosophic sets, bipolar complex neutrosophic sets (Broumi 

et al.2017) and so on have been applied successfully in several fields 

(http://fs.gallup.unm.edu/NSS/).  

Graphs are the most powerful tool used in representing information involving relationship between 

objects and concepts. In a crisp graphs two vertices are either related or not related to each other, 

mathematically, the degree of relationship is either 0 or 1. While in fuzzy graphs, the degree of 

relationship takes values from [0, 1]. In (Shannon and Atanassov, 1994) introduced the concept of 

intuitionistic fuzzy graphs (IFGs) using five types of Cartesian products. The concept fuzzy graphs 

and their extensions have a common property that each edge must have a membership value less 

than or equal to the minimum membership of the nodes it connects. 
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When description of the object or their relations or both is indeterminate and inconsistent, it cannot 

be handled by fuzzy graphs and their particular types (Sharma et al., 2013; Arindam et al., 2012, 

2013). So, for this reason, (Smarandache, 2015) proposed the concept of neutrosophic graphs 

based on literal indeterminacy (I) to deal with such situations. Then, (Smarandache, 2015, 2015a) 

introduced another version of neutrosophic graph theory using the neutrosophic truth-values (T, I, 

F) and proposed three structures of neutrosophic graphs: neutrosophic edge graphs, neutrosophic

vertex graphs and neutrosophic vertex-edge graphs. Later on (Smarandache, 2016) proposed new 

version of neutrosophic graphs such as neutrosophic offgraph, neutrosophic bipolar/tripola/ 

multipolar graph. Presently, works on neutrosophic vertex-edge graphs and neutrosophic edge 

graphs are progressing rapidly. (Broumi et al., 2016) combined the concept of single valued 

neutrosophic sets and graph theory, and introduced certain types of single valued neutrosophic 

graphs (SVNG) such as strong single valued neutrosophic graph, constant single valued 

neutrosophic graph, complete single valued neutrosophic graph and investigate some of their 

properties with proofs and examples.Also, (Broumi et al., 2016a) also introduced neighborhood 

degree of a vertex and closed neighborhood degree of vertex in single valued neutrosophic graph 

as a generalization of neighborhood degree of a vertex and closed neighborhood degree of vertex 

in fuzzy graph and intuitionistic fuzzy graph. In addition, (Broumi et al., 2016b) proved a necessary 

and sufficient condition for a single valued neutrosophic graph to be an isolated single valued 

neutrosophic graph. After Broumi, the studies on the single valued neutrosophic graph theory have 

been studied increasingly(Broumi et al., 2016c, 2016d, 2016e, 2016g, 2016h, 2016i; Samanta et 

al.,2016; Mehra,2017; Ashraf et al.,2016; Fathi et al.,2016) 

Recently, (Smarandache, 2017) initiated the idea of removal of the edge degree restriction of fuzzy 

graphs, intuitionistic fuzzy graphs and single valued neutrosophic graphs. (Samanta et al,2016) 

introduced a new concept named the generalized fuzzy graphs (GFG) and defined two types of 

GFG, also the authors studied some major properties such as completeness and regularity with 

proved results. In this paper, the authors claims that fuzzy graphs and their extension defined by 

many researches are limited to represent for some systems such as social network. Later on 

(Broumi et al., 2017) have discussed the removal of the edge degree restriction of single valued 

neutrosophic graphs and defined a new class of single valued neutrosophic graph called 

generalized single valued neutrosophic graph of type1, which is a is an extension of generalized 

fuzzy graph of type1 (Samanta et al, 2016). Later on (Broumi et al., 2017a) introduced the concept 

of generalized bipolar neutrosophic of type 1. In addition, (Broumi et al., 2017b) combined the 

concept of complex neutrosophic sets with generalized single valued neutrosophic of type1 

(GSVNG1) and introduced the complex neutrosophic graph of type1(CNG1). Up to day, to our 

best knowledge, there is no research on bipolar complex neutrosophic graphs. 

The main objective of this paper is to extended the concept of complex neutrosophic graph of type 

1 (CNG1) introduced in (Broumi et al., 2017b) to bipolar complex neutrosophic graphs of type1 

and showed a matrix representation of BCNG1. 

The remainder of this paper is organized as follows. In Section 2, we review some basic 

concepts about neutrosophic sets, single valued neutrosophic sets, complex neutrosophic sets, 

bipolar complex neutrosophic sets, generalized fuzzy graph, generalized single valued 

neutrosophic graphs of type 1, generalized bipolar neutrosophic graphs of type 1 and complex 

neutrosophic graph of type 1. In Section 3, the concept of complex neutrosophic graphs of type 1 

is proposed with an illustrative example.  In section 4 a representation matrix of complex 

neutrosophic graphs of type 1 is introduced. Finally, Section 5outlines the conclusion of this paper 

and suggests several directions for future research. 
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2. PRELIMINARIES

In this section, we mainly recall some notions related to neutrosophic sets, single valued 
neutrosophic sets, complex neutrosophic sets, bipolar complex neutrosophic sets, generalized fuzzy 
graph, generalized single valued neutrosophic graphs of type 1,generalized bipolar neutrosophic 
graphs of type 1 and complex neutrosophic graph of type 1 relevant to the present work. See 
especially (Smarandache, 1998; Wang et al. 2010; Deli et al., 2015; Ali and Smarandache, 2015; 
Broumi et al., 2017, 2017b,2017c; Samanta et al.2016) for further details and background. 

Definition 2.1 (Smarandache, 1998). Let X  be a space of points  and let x X. A neutrosophic 

set A in X is characterized by a truth membership function T, an indeterminacy membership 

function I, and a falsity membership function F. T, I, F are real standard or nonstandard subsets of 

]−0,1+[, and T, I, F: X→]−0,1+[. The neutrosophic set can be represented as 

A={(𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)): 𝑥 ∈ 𝑋} (1)

There is no restriction on the sum of T, I, F, So 
−0 ≤TA(x)+ IA(x)+FA(x)≤ 3+.  (2) 

From philosophical point of view, the neutrosophic set takes the value from real standard or non-

standard subsets of ]−0,1+[. Thus it is necessary to take the interval [0, 1] instead of ]−0,1+[. For 

technical applications. It is difficult to apply ]−0,1+[ in the real life applications such as engineering 

and scientific problems. 

Definition 2.2 (Wang et al. 2010). Let X be a space of points (objects) with generic elements in 

X denoted by x. A single valued neutrosophic set A (SVNS A) is characterized by truth-

membership function TA(x) , an indeterminate-membership function IA(x) , and a false-

membership function FA(x). For each point x in X, TA(x), IA(x), FA(x)∈[0, 1]. A SVNS A can be

written as 

A={(𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)): 𝑥 ∈ 𝑋}(3)

Definition 2.3 (Deli et al., 2015). A bipolar neutrosophic set A in X is defined as an object of the 

form 

A={<x, (𝑇𝐴
+(𝑥),𝐼𝐴

+(𝑥),𝐹𝐴
+(𝑥),𝑇𝐴

−(𝑥),𝐼𝐴
−(𝑥),𝐹𝐴

−(𝑥))>: x  X}, where TA
+, 𝐼𝐴

+,FA
+:X  [1, 0] and

TA
- , 𝐼𝐴

−,FA
- :: X  [-1, 0] .The positive membership degree 𝑇𝐴

+(𝑥),𝐼𝐴
+(𝑥),𝐹𝐴

+(𝑥) denotes the truth

membership, indeterminate membership and false membership of an element  X corresponding 

to a bipolar neutrosophic set A and the negative membership degree 𝑇𝐴
−(𝑥), 𝐼𝐴

−(𝑥),𝐹𝐴
−(𝑥) denotes

the truth membership, indeterminate membership and false membership of an element  X to some 

implicit counter-property corresponding to a bipolar neutrosophic set A. For convenience a bipolar 

neutrosophic number is represented by  

A= <(𝑇𝐴
+,𝐼𝐴

+,𝐹𝐴
+,𝑇𝐴

−,𝐼𝐴
−,𝐹𝐴

−> (4)

Definition 2.4 (Ali and Smarandache, 2015) 
A complex neutrosophic set A defined on a universe of discourse X, which is characterized by a 

truth membership functionTA(x) , an indeterminacy membership function IA(x) , and a falsity 

membership functionFA(x) that assigns a complex-valued grade of TA(x), IA(x), and FA(x) in A 

for any x X. The valuesTA(x), IA(x), andFA(x)and their sum may all within the unit circle in the 

complex plane and so is of the following form, 
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TA(x)=pA(x).ejμA(x),

IA(x)=qA(x).ejvA(x)and

FA(x)=rA(x).ejωA(x)

Where, pA(x),qA(x),rA(x) and μ
A

(x), vA(x),ωA(x) are respectively, real valued and

pA(x),qA(x),rA(x) ∈[0, 1] such that  

  0 ≤ pA(x)+ qA(x) + rA(x)≤ 3     

   The complex neutrosophic set A can be represented in set form as 

  , ( ) , ( ) , ( ) :A T A I A FA x T x a I x a F x a x X    

where  𝑇𝐴: 𝑋 → {𝑎𝑇: 𝑎𝑇 ∈ 𝐶, |𝑎𝑇| ≤ 1},

𝐼𝐴: 𝑋 → {𝑎𝐼: 𝑎𝐼 ∈ 𝐶, |𝑎𝐼| ≤ 1},

𝐹𝐴: 𝑋 → {𝑎𝐹: 𝑎𝐹 ∈ 𝐶, |𝑎𝐹| ≤ 1}and
|𝑇𝐴(𝑥) + 𝐼𝐴(𝑥) + 𝐹𝐴(𝑥)| ≤ 3.

Definition 2.5 (Ali and Smarandache, 2015) The union of two complex neutrosophic sets as 

follows: 

Let A and B be two complex neutrosophic sets in X, where   A={(𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)): 𝑥 ∈

𝑋}and      

B={(𝑥, 𝑇𝐵(𝑥), 𝐼𝐵(𝑥), 𝐹𝐵(𝑥)): 𝑥 ∈ 𝑋}.

Then, the union of A and B is denoted as 𝐴 ∪𝑁 𝐵 and is given as  

𝐴 ∪𝑁 𝐵={(𝑥, TA∪B(x), IA∪B(x), FA∪B(x)): 𝑥 ∈ 𝑋}

Where the truth membership functionTA∪B(x), the indeterminacy membership function IA∪B(x) 

and the falsehood membership function FA∪B(x) is defined by  

TA∪B(x)=[(pA(x) ∨ pB(x))].e
j.μTA∪B

(x)
, 

IA∪B(x)=[(qA(x) ∧ qB(x))].ej.νIA∪B
(x),

FA∪B(x)=[(rA(x) ∧ rB(x))].ej.ωFA∪B
(x)

Where∨ and ∧denotes the max and min operators respectively.  

The phase term of complex truth membership function, complex indeterminacy membership 

function and complex falsity membership function belongs to (0,2 )  and, they are defined as 

follows: 

a) Sum:

μ
A∪B

(x) = μ
A

(x) + μ
B

(x),

νA∪B(x) = νA(x) + νB(x),

ωA∪B(x) = ωA(x) + ωB(x).

b) Max:

μ
A∪B

(x) = max (μ
A

(x), μ
B

(x)),

νA∪B(x) = max(νA(x), νB(x)),

ωA∪B(x) = max(ωA(x), ωB(x)).

c) Min:

μ
A∪B

(x) = min (μ
A

(x), μ
B

(x)),
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νA∪B(x) = min(νA(x), νB(x)),

ωA∪B(x) = min(ωA(x), ωB(x)).

d) “The game of winner, neutral, and loser”:

 
( )

( )

A A B

A B

B B A

x if p p
x

x if p p








 


, 

 
( )

( )

A A B

A B

B B A

x if q q
x

x if q q








 


, 

 
( )

( )

A A B

A B

B B A

x if r r
x

x if r r








 


. 

The game of winner, neutral, and loser is the generalization of the concept “winner take all” 

introduced by Ramot et al. in (2002) for the union of phase terms. 

Definition 2.6 (Ali and Smarandache, 2015) Intersection of complex neutrosophic sets 

Let A and B be two complex neutrosophic sets in X, A={(𝑥, 𝑇𝐴(𝑥), 𝐼𝐴(𝑥), 𝐹𝐴(𝑥)): 𝑥 ∈ 𝑋}and

B={(𝑥, 𝑇𝐵(𝑥), 𝐼𝐵(𝑥), 𝐹𝐵(𝑥)): 𝑥 ∈ 𝑋}.

Then the intersection of A and B is denoted as 𝐴 ∩𝑁 𝐵 and is define as 

𝐴 ∩𝑁 𝐵={(𝑥, TA∩B(x), IA∩B(x), FA∩B(x)): 𝑥 ∈ 𝑋}

Where the truth membership functionTA∩B(x), the indeterminacy membership function IA∩B(x) 

and the falsehood membership function FA∩B(x) is given as:  

TA∩B(x)=[(pA(x) ∧ pB(x))].ej.μTA∩B
(x),

IA∩B(x)=[(qA(x) ∨ qB(x))].ej.νIA∩B
(x),

FA∩B(x)=[(rA(x) ∨ rB(x))].ej.ωFA∩B
(x)

Where∨ and ∧ denotes denotes the max and min operators respectively 

The phase terms ej.μTA∩B
(x), ej.νIA∩B

(x) and ej.ωFA∩B
(x) was calculated on the same lines by winner,

neutral, and loser game. 

Definition 2.7(Broumi et al., 2017c). A bipolar complex neutrosophic set A in X is defined as an 

object of the form 

A={<x, 𝑇1
+𝑒𝑖𝑇2

+
,𝐼1

+𝑒𝑖𝐼2
+

,𝐹1
+𝑒𝑖𝐹2

+
,𝑇1

−𝑒𝑖𝑇2
−

,𝐼1
−𝑒𝑖𝐼2

−
,𝐹1

−𝑒𝑖𝐹2
−

>: x   X}, where T1
+ , 𝐼1

+ , F1
+:X  [1, 0]

and T1
- , 𝐼1

− , F1
- : X  [-1, 0] .The positive membership degree 𝑇1

+(𝑥),𝐼1
+(𝑥),𝐹1

+(𝑥) denotes the

truth membership, indeterminate membership and false membership of an element 𝑥 ∈ 𝑋 

corresponding to a bipolar complex neutrosophic set A and the negative membership degree 

𝑇1
−(𝑥) , 𝐼1

−(𝑥) , 𝐹1
−(𝑥) denotes the truth membership, indeterminate membership and false

membership of an element 𝑥 ∈ 𝑋to some implicit counter-property corresponding to a bipolar 

complex neutrosophic set A. For convenience a bipolar complex neutrosophic number is 

represented by  

A= <𝑇1
+𝑒𝑖𝑇2

+
,𝐼1

+𝑒𝑖𝐼2
+
,𝐹1

+𝑒𝑖𝐹2
+

,𝑇1
−𝑒𝑖𝑇2

−
,𝐼1

−𝑒𝑖𝐼2
−
,𝐹1

−𝑒𝑖𝐹2
−

>

Definition 2.8 (Broumi et al., 2017c). The union of two bipolar complex neutrosophic sets as 

follows: 

Let A  and B  be two bipolar complex neutrosophic sets in X , where 

A= (𝑇1
+𝑒𝑖𝑇2

+
,𝐼1

+𝑒𝑖𝐼2
+
,𝐹1

+𝑒𝑖𝐹2
+

,𝑇1
−𝑒𝑖𝑇2

−
,𝐼1

−𝑒𝑖𝐼2
−
,𝐹1

−𝑒𝑖𝐹2
−

)  and
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B= (𝑇3
+𝑒𝑖𝑇4

+
,𝐼3

+𝑒𝑖𝐼4
+
,𝐹3

+𝑒𝑖𝐹4
+
,𝑇3

−𝑒𝑖𝑇4
−
,𝐼3

−𝑒𝑖𝐼4
−
,𝐹3

−𝑒𝑖𝐹4
−

)

Then the union of A  and B  is denoted as BNA B  and is given as

             , , , , , , :BN A B A B A B A B A B A BA B x T x I x F x T x I x F x x X     

       

Where positive the truth membership function  A BT x

 , positive the indeterminacy membership 

function  A BI x

 and positive the falsehood membership function  A BF x

 , negative the truth 

membership function  A BT x

 , negative the indeterminacy membership function  A BI x

  and 

negative the falsehood membership function  A BF x

  is defined by 

𝑇𝐴⋃𝐵
+ (𝑥)= (𝑇1

+ ∨ 𝑇3
+)𝑒𝑖(𝑇2

+∪𝑇4
+) ,

𝑇𝐴⋃𝐵
− (𝑥)= (𝑇1

− ∧ 𝑇3
−)𝑒𝑖(𝑇2

−∪𝑇4
−),

𝐼𝐴⋃𝐵
+ (𝑥)= (𝐼1

+ ∧ 𝐼3
+)𝑒𝑖(𝐼2

+∪𝐼4
+) ,

𝑇𝐴⋃𝐵
− (𝑥)= (𝐼1

− ∨ 𝐼3
−)𝑒𝑖(𝐼2

−∪𝐼4
−),

𝐹𝐴⋃𝐵
+ (𝑥)= (𝐹1

+ ∧ 𝐹3
+)𝑒𝑖(𝐹2

+∪𝐹4
+) ,

𝐹𝐴⋃𝐵
− (𝑥)= (𝐹1

− ∨ 𝐹3
−)𝑒𝑖(𝐹2

−∪𝐹4
−)

Where  and  denotes the max and min operators respectively 

The phase term of bipolar complex truth membership function, bipolar complex indeterminate 

membership function and bipolar complex false -membership function belongs to (0,2 )  and, 

they are defined as follows: 

e) Sum:

𝑇𝐴⋃𝐵
+ (𝑥)=𝑇𝐴

+(𝑥)+𝑇𝐵
+(𝑥)

𝑇𝐴⋃𝐵
− (𝑥)=𝑇𝐴

−(𝑥)+𝑇𝐵
−(𝑥)

𝐼𝐴⋃𝐵
+ (𝑥)=𝐼𝐴

+(𝑥)+𝐼𝐵
+(𝑥)

𝐼𝐴⋃𝐵
− (𝑥)=𝐼𝐴

−(𝑥)+𝐼𝐵
−(𝑥)

𝐹𝐴⋃𝐵
+ (𝑥)=𝐹𝐴

+(𝑥)+𝐹𝐵
+(𝑥)

𝐹𝐴⋃𝐵
− (𝑥)=𝐹𝐴

−(𝑥)+𝐹𝐵
−(𝑥)

f) Max and min:

𝑇𝐴⋃𝐵
+ (𝑥)=max(𝑇𝐴

+(𝑥),𝑇𝐵
+(𝑥))

𝑇𝐴⋃𝐵
− (𝑥)= min (𝑇𝐴

−(𝑥),𝑇𝐵
−(𝑥))

𝐼𝐴⋃𝐵
+ (𝑥)=min (𝐼𝐴

+(𝑥),𝐼𝐵
+(𝑥))

𝐼𝐴⋃𝐵
− (𝑥)=max(𝐼𝐴

−(𝑥),𝐼𝐵
−(𝑥))

𝐹𝐴⋃𝐵
+ (𝑥)=min (𝐹𝐴

+(𝑥),𝐹𝐵
+(𝑥))

𝐹𝐴⋃𝐵
− (𝑥)=𝑚𝑎𝑥𝐹𝐴

−(𝑥),𝐹𝐵
−(𝑥))

g) “The game of winner, neutral, and loser”:

 
( )

( )

A A B

A B

B B A

T x if p p
T x

T x if p p





 

 
 


, 

 
( )

( )

A A B

A B

B B A

T x if p p
T x

T x if p p





 

 
 



 
( )

( )

A A B

A B

B B A

I x if q q
I x

I x if q q





 

 
 


, 
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( )

( )

A A B

A B

B B A

I x if q q
I x

I x if q q





 

 
 



 
( )

( )

A A B

A B

B B A

F x if r r
F x

F x if r r





 

 
 



 
( )

( )

A A B

A B

B B A

F x if r r
F x

F x if r r





 

 
 



Example 2.9: Let 𝑋 = {𝑥1, 𝑥2} be a universe of discourse. Let 𝐴 and 𝐵 be two bipolar complex

neutrosophic  sets in 𝑋 as shown below: 

𝐴 = (
0.5𝑒𝑖.0.7, 0.2𝑒𝑖.𝜋, 0.4𝑒𝑖.0.1, −0.7𝑒𝑖.−0.4, −0.3𝑒𝑖.

−𝜋

3 , −0.2𝑒𝑖.0

𝑥1
) 

, (
0.6𝑒𝑖.0.8, 0.3𝑒𝑖.

𝜋

3 , 0.1𝑒𝑖.0.3, −0.8𝑒𝑖.−0.5, −0.4𝑒𝑖.
−2𝜋

3 , −0.1𝑒𝑖.−0.1

𝑥2
) 

And 

𝐵 = (
0.9𝑒𝑖.0.6, 0.3𝑒𝑖.𝜋, 0.1𝑒𝑖.0.3, −0.6𝑒𝑖.−0.6, −0.2𝑒𝑖.−2𝜋, −0.3𝑒𝑖.−0.3

𝑥1
) 

, (
0.8𝑒𝑖.0.9, 0.4𝑒𝑖.

3𝜋

4 , 0.2𝑒𝑖.0.2, −0.5𝑒𝑖.−0.6, −0.1𝑒𝑖.
−𝜋

3 , −0.2𝑒𝑖.−0.1

𝑥2
) 

Then 

𝐴 ∪𝐵𝑁 𝐵 = (
0.9𝑒𝑖.0.7, 0.2𝑒𝑖.𝜋, 0.1𝑒𝑖.0.1, −0.7𝑒𝑖.−0.6, −0.2𝑒𝑖.

−𝜋

3 , −0.2𝑒𝑖.0

𝑥1
) 

, (
0.8𝑒𝑖.0.9, 0.3𝑒𝑖.

𝜋

3 , 0.1𝑒𝑖.0.2, −0.8𝑒𝑖.−0.6, −0.1𝑒𝑖.
−𝜋

3 , −0.1𝑒𝑖.−0.1

𝑥2
) 

Definition 2.10(Broumi et al., 2017c) The intersection of two bipolar complex neutrosophic sets 

as follows: 

Let A  and B  be two bipolar complex neutrosophic sets in X , where  

A= (𝑇1
+𝑒𝑖𝑇2

+
,𝐼1

+𝑒𝑖𝐼2
+
,𝐹1

+𝑒𝑖𝐹2
+

,𝑇1
−𝑒𝑖𝑇2

−
,𝐼1

−𝑒𝑖𝐼2
−
,𝐹1

−𝑒𝑖𝐹2
−

)  and

B= (𝑇3
+𝑒𝑖𝑇4

+
,𝐼3

+𝑒𝑖𝐼4
+
,𝐹3

+𝑒𝑖𝐹4
+
,𝑇3

−𝑒𝑖𝑇4
−
,𝐼3

−𝑒𝑖𝐼4
−
,𝐹3

−𝑒𝑖𝐹4
−

)

Then the intersection of A  and B  is denoted as BNA B  and is given as

             , , , , , , :BN A B A B A B A B A B A BA B x T x I x F x T x I x F x x X     

       

Where positive the truth membership function  A BT x

 , positive the indeterminacy membership

function  A BI x

  and positive the falsehood membership function  A BF x

 , negative the truth membership 

function  A BT x

 , negative the indeterminacy membership function  A BI x

  and negative the falsehood

membership function  A BF x

   is defined by 

𝑇𝐴∩𝐵
+ (𝑥)= (𝑇1

+ ∧ 𝑇3
+)𝑒𝑖(𝑇2

+∩𝑇4
+) ,

𝑇𝐴∩𝐵
− (𝑥)= (𝑇1

− ∨ 𝑇3
−)𝑒𝑖(𝑇2

−∩𝑇4
−),
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𝐼𝐴∩𝐵
+ (𝑥)= (𝐼1

+ ∨ 𝐼3
+)𝑒𝑖(𝐼2

+∩𝐼4
+) ,

𝑇𝐴∩𝐵
− (𝑥)= (𝐼1

− ∧ 𝐼3
−)𝑒𝑖(𝐼2

−∩𝐼4
−),

𝐹𝐴∩𝐵
+ (𝑥)= (𝐹1

+ ∨ 𝐹3
+)𝑒𝑖(𝐹2

+∩𝐹4
+) ,

𝐹𝐴∩𝐵
− (𝑥)= (𝐹1

− ∧ 𝐹3
−)𝑒𝑖(𝐹2

−∩𝐹4
−)

Where  and  denotes the max and min operators respectively 

The phase term of bipolar complex truth membership function, bipolar complex indeterminacy 

membership function and bipolar complex falsity membership function belongs to (0,2 )  and, 

they are defined as follows: 

h) Sum:

𝑇𝐴∩𝐵
+ (𝑥)=𝑇𝐴

+(𝑥)+𝑇𝐵
+(𝑥)

𝑇𝐴∩𝐵
− (𝑥)=𝑇𝐴

−(𝑥)+𝑇𝐵
−(𝑥)

𝐼𝐴∩𝐵
+ (𝑥)=𝐼𝐴

+(𝑥)+𝐼𝐵
+(𝑥)

𝐼𝐴∩𝐵
− (𝑥)=𝐼𝐴

−(𝑥)+𝐼𝐵
−(𝑥)

𝐹𝐴∩𝐵
+ (𝑥)=𝐹𝐴

+(𝑥)+𝐹𝐵
+(𝑥)

𝐹𝐴∩𝐵
− (𝑥)=𝐹𝐴

−(𝑥)+𝐹𝐵
−(𝑥)

i) Max and min:

𝑇𝐴∩𝐵
+ (𝑥)=min(𝑇𝐴

+(𝑥),𝑇𝐵
+(𝑥))

𝑇𝐴∩𝐵
− (𝑥)= max (𝑇𝐴

−(𝑥),𝑇𝐵
−(𝑥))

𝐼𝐴∩𝐵
+ (𝑥)=max(𝐼𝐴

+(𝑥),𝐼𝐵
+(𝑥))

𝐼𝐴∩𝐵
− (𝑥)=min(𝐼𝐴

−(𝑥),𝐼𝐵
−(𝑥))

𝐹𝐴∩𝐵
+ (𝑥)=max (𝐹𝐴

+(𝑥),𝐹𝐵
+(𝑥))

𝐹𝐴∩𝐵
− (𝑥)=𝑚𝑖𝑛𝐹𝐴

−(𝑥),𝐹𝐵
−(𝑥))

j) “The game of winner, neutral, and loser”:

 
( )

( )

A A B

A B

B B A

T x if p p
T x

T x if p p





 

 
 


, 

 
( )

( )

A A B

A B

B B A

T x if p p
T x

T x if p p





 

 
 



 
( )

( )

A A B

A B

B B A

I x if q q
I x

I x if q q





 

 
 


, 

 
( )

( )

A A B

A B

B B A

I x if q q
I x

I x if q q





 

 
 



 
( )

( )

A A B

A B

B B A

F x if r r
F x

F x if r r





 

 
 



 
( )

( )

A A B

A B

B B A

F x if r r
F x

F x if r r





 

 
 



Example 2.11: Let 𝑋 = {𝑥1, 𝑥2} be a universe of discourse. Let 𝐴 and 𝐵  be two bipolar complex

neutrosophic  sets in 𝑋 as shown below: 

𝐴 = (
0.5𝑒𝑖.0.7, 0.2𝑒𝑖.𝜋, 0.4𝑒𝑖.0.1, −0.7𝑒𝑖.−0.4, −0.3𝑒𝑖.

−𝜋

3 , −0.2𝑒𝑖.0

𝑥1
) 
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, (
0.6𝑒𝑖.0.8, 0.3𝑒𝑖.

𝜋

3 , 0.1𝑒𝑖.0.3, −0.8𝑒𝑖.−0.5, −0.4𝑒𝑖.
−2𝜋

3 , −0.1𝑒𝑖.−0.1

𝑥2
) 

And 

𝐵 = (
0.9𝑒𝑖.0.6, 0.3𝑒𝑖.𝜋, 0.1𝑒𝑖.0.3, −0.6𝑒𝑖.−0.6, −0.2𝑒𝑖.−2𝜋, −0.3𝑒𝑖.−0.3

𝑥1
) 

, (
0.8𝑒𝑖.0.9, 0.4𝑒𝑖.

3𝜋

4 , 0.2𝑒𝑖.0.2, −0.5𝑒𝑖.−0.6, −0.1𝑒𝑖.
−𝜋

3 , −0.2𝑒𝑖.−0.1

𝑥2
) 

Then 

𝐴 ∩𝐵𝑁 𝐵 = (
0.5𝑒𝑖.0.6, 0.3𝑒𝑖.𝜋, 0.4𝑒𝑖.0.3, −0.6𝑒𝑖.−0.4, −0.3𝑒𝑖−2𝜋, −0.3𝑒𝑖.−0.3

𝑥1
) 

, (
0.6𝑒𝑖.0.8, 0.4𝑒𝑖.

3𝜋

4 , 0.2𝑒𝑖.0.3, −0.5𝑒𝑖.−0.5, −0.4𝑒𝑖.
−2𝜋

3 , −0.2𝑒𝑖.−0.1

𝑥2
) 

Definition 2.12 (Samanta et al.2016). Let V be a non-void set. Two function are considered as 

follows: 

 𝜌:V → [ 0, 1]and  𝜔:VxV → [ 0, 1] . We suppose 

 A= {(𝜌(𝑥), 𝜌(𝑦)) | 𝜔(x, y)> 0}, 

We have considered  𝜔𝑇, > 0 for all set A 

The triad (V, 𝜌, 𝜔) is defined to be generalized fuzzy graph of first type (GFG1) if there is function 

𝛼:A→ [ 0, 1]  such that  𝜔(𝑥, 𝑦) = 𝛼((𝜌(𝑥), 𝜌(𝑦))) Where x, y∈ V.   

The  𝜌(𝑥), x∈ V are the membership of the vertex x and 𝜔(𝑥, 𝑦), x, y∈ V are the membership, 

values of the edge (x, y). 

Definition 2.13 (Broumi et al., 2017). Let V be a non-void set. Two function are considered as 

follows: 

𝜌=(𝜌𝑇, 𝜌𝐼, 𝜌𝐹):V → [ 0, 1]3and

𝜔= (𝜔𝑇, 𝜔𝐼, 𝜔𝐹):VxV → [ 0, 1]3 . Suppose

 A= {(𝜌𝑇(𝑥),𝜌𝑇(𝑦)) |𝜔𝑇(x, y) ≥ 0}, 

B= {(𝜌𝐼(𝑥),𝜌𝐼(𝑦)) |𝜔𝐼(x, y) ≥ 0}, 

 C= {(𝜌𝐹(𝑥),𝜌𝐹(𝑦)) |𝜔𝐹(x, y) ≥ 0}, 

We have considered 𝜔𝑇,  𝜔𝐼 and  𝜔𝐹 ≥ 0 for all set A,B, C , since its is possible to have edge 

degree = 0 (for T, or I, or F). 

The triad (V, 𝜌, 𝜔) is defined to be generalized single valued neutrosophic graph of  type 1 

(GSVNG1) if there are functions 

𝛼:A→ [ 0, 1] , 𝛽:B→ [ 0, 1] and 𝛿:C→ [ 0, 1] such that  

𝜔𝑇(𝑥, 𝑦) = 𝛼((𝜌𝑇(𝑥),𝜌𝑇(𝑦))) 

𝜔𝐼(𝑥, 𝑦) = 𝛽((𝜌𝐼(𝑥),𝜌𝐼(𝑦)))  

𝜔𝐹(𝑥, 𝑦)= 𝛿((𝜌𝐹(𝑥),𝜌𝐹(𝑦)))  where x, y∈ V.   

Here 𝜌(𝑥)= (𝜌𝑇(𝑥), 𝜌𝐼(𝑥), 𝜌𝐹(𝑥)), x∈ V are the truth- membership, indeterminate-membership 

and false-membership of the vertex x and 𝜔(𝑥, 𝑦)=(𝜔𝑇(𝑥, 𝑦), 𝜔𝐼(𝑥, 𝑦), 𝜔𝐹(𝑥, 𝑦)), x, y∈ V are the 

truth-membership, indeterminate-membership and false-membership values of the edge (x, y). 
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Definition 2.14 (Broumi et al., 2017b) Let V be a non-void set. Two functions are considered as 

follows: 

𝜌=(𝜌𝑇, 𝜌𝐼, 𝜌𝐹):V → [ 0, 1]3and

𝜔=(𝜔𝑇, 𝜔𝐼, 𝜔𝐹):VxV → [ 0, 1]3 . Suppose

A= {(𝜌𝑇(𝑥),𝜌𝑇(𝑦)) |𝜔𝑇(x, y) ≥ 0}, 

B= {(𝜌𝐼(𝑥),𝜌𝐼(𝑦)) |𝜔𝐼(x, y) ≥ 0}, 

 C= {(𝜌𝐹(𝑥),𝜌𝐹(𝑦)) |𝜔𝐹(x, y) ≥ 0}, 

We have considered 𝜔𝑇,  𝜔𝐼 and  𝜔𝐹 ≥ 0 for all set A,B, C , since its is possible to have edge 

degree = 0 (for T, or I, or F). 

The triad (V, 𝜌, 𝜔) is defined to be complex neutrosophic graph of type 1 (CNG1) if there are 

functions 

𝛼:A→ [ 0, 1] , 𝛽:B→ [ 0, 1] and𝛿:C→ [ 0, 1] such that  

𝜔𝑇(𝑥, 𝑦) = 𝛼((𝜌𝑇(𝑥),𝜌𝑇(𝑦))) 

𝜔𝐼(𝑥, 𝑦) = 𝛽((𝜌𝐼(𝑥),𝜌𝐼(𝑦)))  

𝜔𝐹(𝑥, 𝑦) = 𝛿((𝜌𝐹(𝑥),𝜌𝐹(𝑦))) 

Where x, y∈ V.   

Here 𝜌(𝑥) =( 𝜌𝑇(𝑥) , 𝜌𝐼(𝑥) , 𝜌𝐹(𝑥) ), x ∈  V are the complex truth-membership, complex 

indeterminate-membership and complex false-membership of the vertex x and 𝜔(𝑥, 𝑦)=(𝜔𝑇(𝑥, 𝑦), 

𝜔𝐼(𝑥, 𝑦) , 𝜔𝐹(𝑥, 𝑦) ), x, y ∈  V are the complex truth-membership, complex indeterminate-

membership and complex false-membership values of the edge (x, y). 

Definition 2.15 (Broumi et al., 2017b). Let V be a non-void set. Two function are considered as 

follows: 

ρ=(ρT
+,ρI

+, ρF
+,ρT

−, ρI
−,ρF

−):V → [ 0, 1]3 × [ −1, 0]3and

ω=(ωT
+,ωI

+, ωF
+,ωT

−, ωI
−,ωF

−):VxV → [ 0, 1]3 × [ −1, 0]3 . We suppose

A= {(ρT
+(x),ρT

+(y)) |ωT
+(x, y) ≥ 0},

B= {(ρI
+(x),ρI

+(y)) |ωI
+(x, y) ≥ 0},

C= {(ρF
+(x),ρF

+(y)) |ωF
+(x, y) ≥ 0},

D= {(ρT
−(x),ρT

−(y)) |ωT
−(x, y) ≤ 0},

E= {(ρI
−(x),ρI

−(y)) |ωI
−(x, y) ≤ 0},

F= {(ρF
−(x),ρF

−(y)) |ωF
−(x, y) ≤ 0},

We have considered ωT
+, ωI

+,ωF
+ ≥  0 and ωT

−, ωI
−, ωF

− ≤ 0 for all set A, B, C , D, E, F since its

is possible to have edge degree = 0 (for T+ or I+ or F+,T− or I− or F−).

The triad (V, ρ, ω) is defined to be generalized bipolar neutrosophic graph of first type (GBNG1) 

if there are functions 

α :A → [ 0, 1]  , β :B → [ 0, 1]  , δ :C → [ 0, 1]  and ξ :D → [ −1, 0]  , σ :E → [ −1, 0]  , ψ :F →
[ −1, 0]such that  

ωT
+(x, y) = α((ρT

+(x),ρT
+(y))),

ωT
−(x, y) = ξ((ρT

−(x),ρT
−(y))),

ωI
+(x, y) = β((ρI

+(x),ρI
+(y))),

ωI
−(x, y) = σ((ρI

−(x),ρI
−(y))),

ωF
+(x, y) = δ((ρF

+(x),ρF
+(y))),

ωF
−(x, y) = ψ((ρF

−(x),ρF
−(y)))

Where x, y ∈ V.   

Here ρ(x)=(ρT
+(x) , ρI

+(x) , ρF
+(x), ρT

−(x), ρI
−(x), ρF

−(x)), x∈  V are the  positive and negative

membership, indeterminacy and  non-membership of the vertex x and ω(x, y) =( ωT
+(x, y) ,
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ωI
+(x, y) , ωF

+(x, y) , ωT
−(x, y) , ωI

−(x, y) , ωF
−(x, y) ), x, y ∈  V are the positive and negative

membership, indeterminacy membership and non-membership values of the edge (x, y). 

3. Bipolar Complex Neutrosophic Graph of Type 1

In this section, based on  the concept of bipolar complex neutrosophic sets (Broumi et al., 2017c) 

and the concept of generalized single valued neutrosophic graph of type 1 (Broumi et al., 2017), 

we define the concept of bipolar complex neutrosophic graph of type 1 as follows:  

Definition 3.1. Let V be a non-void set. Two function are considered as follows: 

ρ=(ρT
+,ρI

+, ρF
+,ρT

−, ρI
−,ρF

−):V → [ −1, 1]6and

ω=(ωT
+,ωI

+, ωF
+,ωT

−, ωI
−,ωF

−):VxV → [ −1, 1]6 . We suppose

A= {(ρT
+(x),ρT

+(y)) |ωT
+(x, y) ≥ 0},

B= {(ρI
+(x),ρI

+(y)) |ωI
+(x, y) ≥ 0},

C= {(ρF
+(x),ρF

+(y)) |ωF
+(x, y) ≥ 0},

D= {(ρT
−(x),ρT

−(y)) |ωT
−(x, y) ≤ 0},

E= {(ρI
−(x),ρI

−(y)) |ωI
−(x, y) ≤ 0},

F= {(ρF
−(x),ρF

−(y)) |ωF
−(x, y) ≤ 0},

We have considered ωT
+, ωI

+,ωF
+ ≥  0 and ωT

−, ωI
−, ωF

− ≤ 0 for all set A, B, C , D, E, F since its

is possible to have edge degree = 0 (for T+ or I+ or F+,T− or I− or F−).

The triad (V, ρ, ω) is defined to be bipolar complex neutrosophic graph of first type (BCNG1) if 

there are functions 

α :A → [ 0, 1]  , β :B → [ 0, 1]  , δ :C → [ 0, 1]  and ξ :D → [ −1, 0]  , σ :E → [ −1, 0]  , ψ :F →
[ −1, 0]such that  

ωT
+(x, y) = α((ρT

+(x),ρT
+(y))),

ωT
−(x, y) = ξ((ρT

−(x),ρT
−(y))),

ωI
+(x, y) = β((ρI

+(x),ρI
+(y))),

ωI
−(x, y) = σ((ρI

−(x),ρI
−(y))),

ωF
+(x, y) = δ((ρF

+(x),ρF
+(y))),

ωF
−(x, y) = ψ((ρF

−(x),ρF
−(y)))

Where x, y ∈ V.   

Here ρ(x)=(ρT
+(x) , ρI

+(x) , ρF
+(x), ρT

−(x), ρI
−(x), ρF

−(x)), x∈  V are the  positive and negative

complex truth-membership, indeterminate and  false-membership of the vertex x and 

ω(x, y)=(ωT
+(x, y), ωI

+(x, y), ωF
+(x, y), ωT

−(x, y),ωI
−(x, y),ωF

−(x, y)), x, y∈ V are the positive and

negative complex truth-membership, indeterminate and  false-membership values of the edge (x, 

y). 

Example 3.2: Let the vertex set be V={x, y, z, t} and edge set be E={(x, y),(x, z),(x, t),(y, t) 

x y z t 

𝜌𝑇
+ 0.5𝑒𝑖.0.8 0.9𝑒𝑖.0.9 0.3𝑒𝑖.0.3 0.8𝑒𝑖.0.1

𝜌𝐼
+

0.3𝑒𝑖.
3𝜋

4 0.2𝑒𝑖.
𝜋

4 0.1𝑒𝑖.2𝜋 0.5𝑒𝑖.𝜋

𝜌𝐹
+ 0.1𝑒𝑖.0.3 0.6𝑒𝑖.0.5 0.8𝑒𝑖.0.5 0.4𝑒𝑖.0.7

𝜌𝑇
− -0.6𝑒𝑖.−0.6 -1𝑒𝑖.−𝜋 -0.4𝑒𝑖.−0.1 -0.9𝑒𝑖.−0.1

𝜌𝐼
− -0.4𝑒𝑖.−2𝜋 -0.3𝑒𝑖.0 -0.2𝑒𝑖.−0.3 -0.6𝑒𝑖.−0.2

𝜌𝐹
− -0.2𝑒𝑖.−0.3 -0.7𝑒𝑖.−0.6 -0.9𝑒𝑖.−2𝜋 -0.5𝑒𝑖.−𝜋
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    Table 1: Bipolar complex truth-membership, bipolar complex indeterminate-membership and bipolar 

complex false-membership of the vertex set. 

Let us consider the function 

𝛼(𝑚, 𝑛)=(𝑚𝑇
+ ∨ 𝑛𝑇

+). ej.μTm∪n ,

𝛽(𝑚, 𝑛)=( 𝑚𝐼
+ ∧ 𝑛𝐼

+). ej.μIm∪n

𝛿(𝑚, 𝑛)= ( 𝑚𝐹
+ ∧ 𝑛𝐹

+). ej.μFm∪n .

𝜉(m ,n)= (𝑚𝑇
− ∧ 𝑛𝑇

−).ej.μTm∪n

𝜎(m ,n)= (𝑚𝐼
− ∨ 𝑛𝐼

−). ej.μTm∪n  and

𝜓(m ,n )= (𝑚𝐹
− ∨ 𝑛𝐹

−) . ej.μTm∪n ,

Here, 

A={(0.5𝑒𝑖.0.8, 0.9 𝑒𝑖.0.9), (0.5 𝑒𝑖.0.8, 0.3 𝑒𝑖.0.3), (0.5 𝑒𝑖.0.8, 0.8 𝑒𝑖.0.1), (0.9 𝑒𝑖.0.9, 0.8 𝑒𝑖.0.1)}
3π π 3π 3π π

B = {(0.3ei. 
4 , 0.2ej.

4 ), (0.3 ei. 
4 , 0.1ei.2π), (0.3 ei. 

4 , 0.5ej.π), (0.2ei.
4 , 0.5ei.π)}

C = {(0.1ei.0.3, 0.6ei.0.5), (0.1ei.0.3, 0.8ei.0.5), (0.1ei.0.3, 0.4ei.0.7), (0.6ei.0.5, 0.4ei.0.7)} 
D={(-0.6𝑒𝑖.−0.6, -1𝑒𝑖.−𝜋), (-0.6𝑒𝑖.−0.6, -0.4𝑒𝑖.−0.1), (-0.6𝑒𝑖.−0.6, -0.9𝑒𝑖.−0.1), (-1𝑒𝑖.−𝜋, -0.9𝑒𝑖.−0.1)} 
E = {(-0.4𝑒𝑖.−2𝜋, -0.3𝑒𝑖.0), (-0.4𝑒𝑖.−2𝜋, -0.2𝑒𝑖.−0.3), (-0.4𝑒𝑖.−2𝜋, -0.6𝑒𝑖.−0.2), (-0.3𝑒𝑖.0, -0.6𝑒𝑖.−0.2)} 
F = {(-0.2𝑒𝑖.−0.3, -0.7𝑒𝑖.−0.6), (-0.2𝑒𝑖.−0.3, -0.9𝑒𝑖.−2𝜋), (-0.2𝑒𝑖.−0.3, -0.5𝑒𝑖.−𝜋), (-0.7𝑒𝑖.−0.6, -0.5𝑒𝑖.−𝜋)} 
Then 

𝜔 (𝑥, 𝑦) (𝑥, 𝑧) (𝑥, 𝑡) (𝑦, 𝑡) 

𝜔𝑇
+(x, y) 0.9𝑒𝑖.0.9 0.5𝑒𝑖.0.8 0.8𝑒𝑖.0.8 0.9𝑒𝑖.0.9

𝜔𝐼
+(x, y) 0.2𝑒𝑖.

𝜋

4 0.1𝑒𝑖.
3π

4 0.3𝑒𝑖
3π

4 0.2𝑒𝑖.
π

4

𝜔𝐹
+(x, y) 0.1𝑒𝑖.0.3 0.1𝑒𝑖.0.3 0.1𝑒𝑖.0.3 0.4𝑒𝑖.0.5

𝜔𝑇
−(x, y) -1𝑒𝑖.−𝜋 -0.6𝑒𝑖.−0.6 -0.9𝑒𝑖.−0.6 -1𝑒𝑖.−𝜋

𝜔𝐼
−(x, y) -0.3𝑒𝑖.0 -0.2𝑒𝑖.−2𝜋 -0.4𝑒𝑖.−2𝜋 -0.3𝑒𝑖.0

𝜔𝐹
−(x, y) -0.2𝑒𝑖.−0.3 -0.2𝑒𝑖.−0.3 -0.2𝑒𝑖.−0.3 -0.5𝑒𝑖.−0.6

Table 2: Bipolar complex truth-membership, bipolar complex indeterminate-membership and bipolar 

complex false-membership of the edge set. 

The corresponding complex neutrosophic graph is shown in Fig.2 

Fig 2. BCNG of type 1. 

<0.5𝒆𝒋.𝟎.𝟖,0.1 𝒆𝒊.
𝟑𝛑

𝟒 , 0.1𝒆𝒊.𝟎.𝟑,-0.6𝒆𝒊.−𝟎.𝟔, 0.2𝐞𝐢.−𝟐𝛑, -0.2𝐞𝐢.−𝟎.𝟑> 

<
0

.9
𝒆

𝒋.
𝟎

.𝟗
, 

0
.2

𝒆
𝒋.

𝝅 𝟒
, 

0
.1

𝒆
𝒋.

𝟎
.𝟓

,

-1
𝒆

𝒊.
−

𝝅
, 

-0
.3

𝒆
𝒊.

𝟎
, 

-0
.2

𝒆
𝒊.

−
𝟎

.𝟑
>

y<0.9𝒆𝒋.𝟎.𝟗, 0.2𝒆𝒋.
𝝅

𝟒, 0.6𝒆𝒋.𝟎.𝟓, 
-1𝒆𝒊.−𝝅, -0.3𝒆𝒊.𝟎, -0.7𝒆𝒊.−𝟎.𝟔>

<0.9𝒆𝒋.𝟎.𝟗, 0.2𝒆𝒊.
𝛑

𝟒, 0.4𝒆𝒊.𝟎.𝟓,

-1𝒆𝒊.−𝝅, -0.3𝒆𝒊.𝟎, -0.5𝒆𝒊.−𝟎.𝟔>

<0.8𝒆𝒋.𝟎.𝟖, 0.3𝒆𝒊,
𝟑𝛑

𝟒 , 0.1𝒆𝒋.𝟎.𝟑,

-0.9𝒆𝒋.−𝟎.𝟔, -0.4𝒆𝒊.−𝟐𝝅, -0.2𝒆𝒋.𝟎𝒊.−𝟎.𝟑.>

x<0.5 𝒆𝒋.𝟎.𝟖, 0.3 𝒆𝒋.
3𝜋

4 , 0.1 𝒆𝒋.𝟎.𝟑, -0.6𝑒𝑖.−0.6,-0.4𝑒𝑖.−2𝜋,-0.2𝑒𝑖.−0.3> 

> 

t<0.8𝒆𝒋.𝟎.𝟏, 0.5𝒆𝒋.𝝅, 0.4𝒆𝒋.𝟎.𝟕,

-0.9𝒆𝒊.−𝟎.𝟏,-0.6𝒆𝒊.−𝟎.𝟐,-0.5𝒆𝒊.−𝝅

z   <0.3 𝒆𝒋.𝟎.𝟑, 0.1 𝒆𝒋.𝟐𝝅, 0.8𝒆𝒋.𝟎.𝟓,

-0.4𝒆𝒊.−𝟎.𝟏,-0.2𝒆𝒊.−𝟎.𝟑, -0.9𝒆𝒊.−𝟐𝝅>
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4. Matrix Representation of Bipolar Complex Neutrosophic Graph of Type 1

In this section, bipolar complex truth-membership, bipolar complex indeterminate-membership, 

and bipolar complex false-membership are considered independent. So, we adopted the 

representation matrix of complex neutrosophic graphs of type 1 presented in (Broumi et al., 

2017b). 

The bipolar complex neutrosophic graph (BCNG1) has one property that edge membership values 

(𝑇+, 𝐼+, 𝐹+, 𝑇−, 𝐼−, 𝐹−) depends on the membership values(𝑇+, 𝐼+, 𝐹+, 𝑇−, 𝐼−, 𝐹−) of adjacent

vertices. Suppose 𝜁=(V, 𝜌,𝜔) is a BCNG1 where vertex set V={𝑣1,𝑣2,…,𝑣𝑛}. The functions 

𝛼 :A → [ 0, 1]  is taken such that 𝜔𝑇
+(𝑥, 𝑦)  = 𝛼 (( 𝜌𝑇

+(𝑥) , 𝜌𝑇
+(𝑦) )),  where x, y ∈  V and A=

{(𝜌𝑇
+(𝑥),𝜌𝑇

+(𝑦)) |𝜔𝑇
+(x, y) ≥ 0},

𝛽 :B → [ 0, 1]  is taken such that 𝜔𝐼
+(𝑥, 𝑦)  = 𝛽 (( 𝜌𝐼

+(𝑥) , 𝜌𝐼
+(𝑦) )),  where x, y ∈  V and B=

{(𝜌𝐼
+(𝑥),𝜌𝐼

+(𝑦)) |𝜔𝐼
+(x, y) ≥ 0},

𝛿 :C → [ 0, 1]  is taken such that 𝜔𝐹
+(𝑥, 𝑦)  = 𝛿 (( 𝜌𝐹

+(𝑥) , 𝜌𝐹
+(𝑦) )),  where x, y ∈  V and C =

{(𝜌𝐹
+(𝑥),𝜌𝐹

+(𝑦)) |𝜔𝐹
+(x, y) ≥ 0},

𝜉 :D → [ −1, 0]  is taken such that 𝜔𝑇
−(𝑥, 𝑦)  = 𝜉 (( 𝜌𝑇

−(𝑥) , 𝜌𝑇
−(𝑦) )),  where x, y ∈  V and D=

{(𝜌𝑇
−(𝑥),𝜌𝑇

−(𝑦)) |𝜔𝑇
−(x, y) ≤0},

𝜎 :E → [ −1, 0]  is taken such that 𝜔𝐼
−(𝑥, 𝑦)  = 𝜎 (( 𝜌𝐼

−(𝑥) , 𝜌𝐼
−(𝑦) )),  where x, y ∈  V and E=

{(𝜌𝐼
−(𝑥),𝜌𝐼

−(𝑦)) |𝜔𝐼
−(x, y) ≤ 0}, and

𝜓 :F → [ −1, 0]  is taken such that 𝜔𝐹
−(𝑥, 𝑦)  = 𝜓 (( 𝜌𝐹

−(𝑥) , 𝜌𝐹
−(𝑦) )),  where x, y ∈  V and F =

{(𝜌𝐹
−(𝑥),𝜌𝐹

−(𝑦)) |𝜔𝐹
−(x, y) ≤ 0},

The BCNG1 can be represented by (n+1) x (n+1) matrix 𝑀𝐺1

𝑇,𝐼,𝐹
=[𝑎𝑇,𝐼,𝐹(i,j)] as follows:

The positive and negative  bipolar complex truth-membership(𝑇+,𝑇−), indeterminate-membership

(𝐼+, 𝐼−) and false-membership (𝐹+, 𝐹−), values of the vertices are provided in the first row and

first column. The (i+1, j+1)-th-entry are the bipolar complex truth -membership ( 𝑇+ , 𝑇−) ,

indeterminate-membership (𝐼+, 𝐼−)and the false-membership (𝐹+, 𝐹−) values of the edge (𝑥𝑖,𝑥𝑗),

i, j=1,…,n if i≠j. 

The (i, i)-th entry is 𝜌(𝑥𝑖)=(𝜌𝑇
+(𝑥𝑖), 𝜌𝐼

+(𝑥𝑖), 𝜌𝐹
+(𝑥𝑖), 𝜌𝑇

−(𝑥𝑖), 𝜌𝐼
−(𝑥𝑖), 𝜌𝐹

−(𝑥𝑖)) where i=1,2,…,n.

The positive and negative bipolar complex truth-membership ( 𝑇+ , 𝑇−) , indeterminate-

membership (𝐼+, 𝐼−) and false-membership (𝐹+, 𝐹−), values of the edge can be computed easily

using the functions 𝛼, 𝛽, 𝛿 , 𝜉  , 𝜎 and  𝜓 which are in (1,1)-position of the matrix. The matrix 

representation of BCNG1, denoted by𝑀𝐺1

𝑇,𝐼,𝐹
, can be written as sixth matrix representation 𝑀𝐺1

𝑇+
,

𝑀𝐺1

𝐼+
,𝑀𝐺1

𝐹+
,𝑀𝐺1

𝑇−
, 𝑀𝐺1

𝐼−
, 𝑀𝐺1

𝐹−
.

The  𝑀𝐺1

𝑇+
 is represented in Table 3.

Table 3.     Matrix representation  of𝑇+-BCNG1

𝛼 𝑣1(𝜌𝑇
+(𝑣1)) 𝑣2(𝜌𝑇

+(𝑣2)) 𝑣𝑛(𝜌𝑇
+(𝑣𝑛))

𝑣1(𝜌𝑇
+(𝑣1)) 𝜌𝑇

+(𝑣1) 𝛼(𝜌𝑇
+(𝑣1),𝜌𝑇

+(𝑣2)) 𝛼(𝜌𝑇
+(𝑣1),𝜌𝑇

+(𝑣𝑛))

𝑣2(𝜌𝑇
+(𝑣2)) 𝛼(𝜌𝑇

+(𝑣2),𝜌𝑇
+(𝑣1)) 𝜌𝑇

+(𝑣2) 𝛼(𝜌𝑇
+(𝑣2),𝜌𝑇

+(𝑣2))

… …. … … 

𝑣𝑛(𝜌𝑇
+(𝑣𝑛)) 𝛼(𝜌𝑇

+(𝑣𝑛),𝜌𝑇
+(𝑣1)) 𝛼(𝜌𝑇

+(𝑣𝑛),𝜌𝑇
+(𝑣2)) 𝜌𝑇

+(𝑣𝑛)
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The  𝑀𝐺1

𝐼+
 is presented in Table 4.Table4.  Matrix representation of𝐼+- BCNG

𝛽 𝑣1(𝜌𝐼
+(𝑣1)) 𝑣2(𝜌𝐼

+(𝑣2)) 𝑣𝑛(𝜌𝐼
+(𝑣𝑛))

𝑣1(𝜌𝐼
+(𝑣1)) 𝜌𝐼

+(𝑣1) β(𝜌𝐼
+(𝑣1),𝜌𝐼

+(𝑣2)) β(𝜌𝐼
+(𝑣1),𝜌𝐼

+(𝑣𝑛))

𝑣2(𝜌𝐼
+(𝑣2)) β(𝜌𝐼

+(𝑣2),𝜌𝐼
+(𝑣1)) 𝜌𝐼

+(𝑣2) β(𝜌𝐼
+(𝑣2),𝜌𝐼

+(𝑣2))

… …. … … 

𝑣𝑛(𝜌𝐼
+(𝑣𝑛)) β(𝜌𝐼

+(𝑣𝑛),𝜌𝐼
+(𝑣1)) β(𝜌𝐼

+(𝑣𝑛),𝜌𝐼
+(𝑣2)) 𝜌𝐼

+(𝑣𝑛)
1 

The  𝑀𝐺1

𝐹+
 is presented in Table 5.

Table5.  Matrix representation of 𝐹+- BCNG1

𝛿 𝑣1(𝜌𝐹
+(𝑣1)) 𝑣2(𝜌𝐹

+(𝑣2)) 𝑣𝑛(𝜌𝐹
+(𝑣𝑛))

𝑣1(𝜌𝐹
+(𝑣1)) 𝜌𝐹

+(𝑣1) 𝛿(𝜌𝐹
+(𝑣1),𝜌𝐹

+(𝑣2)) 𝛿(𝜌𝐹
+(𝑣1),𝜌𝐹

+(𝑣𝑛))

𝑣2(𝜌𝐹
+(𝑣2)) 𝛿 ( 𝜌𝐹

+(𝑣2) , 𝜌𝐹
+(𝑣1) ) 𝜌𝐹

+(𝑣2) 𝛿(𝜌𝐹
+(𝑣2),𝜌𝐹

+(𝑣2))

… …. … … 

𝑣𝑛(𝜌𝐹
+(𝑣𝑛)) 𝛿(𝜌𝐹

+(𝑣𝑛),𝜌𝐹
+(𝑣1)) 𝛿(𝜌𝐹

+(𝑣𝑛),𝜌𝐹
+(𝑣2)) 𝜌𝐹

+(𝑣𝑛)

The  𝑀𝐺1

𝑇−
 is shown in table 6.

Table 6.    Matrix representation of 𝑇−- BCNG1

𝜉 𝑣1(𝜌𝑇
−(𝑣1)) 𝑣2(𝜌𝑇

−(𝑣2)) 𝑣𝑛(𝜌𝑇
−(𝑣𝑛))

𝑣1(𝜌𝑇
−(𝑣1)) 𝜌𝑇

−(𝑣1) 𝜉(𝜌𝑇
−(𝑣1),𝜌𝑇

−(𝑣2)) 𝜉(𝜌𝑇
−(𝑣1),𝜌𝑇

−(𝑣𝑛))

𝑣2(𝜌𝑇
−(𝑣2)) 𝜉(𝜌𝑇

−(𝑣2),𝜌𝑇
−(𝑣1)) 𝜌𝑇

−(𝑣2) 𝜉(𝜌𝑇
−(𝑣2),𝜌𝑇

−(𝑣2))

… …. … … 

𝑣𝑛(𝜌𝑇
−(𝑣𝑛)) 𝜉(𝜌𝑇

−(𝑣𝑛),𝜌𝑇
−(𝑣1)) 𝜉(𝜌𝑇

−(𝑣𝑛),𝜌𝑇
−(𝑣2)) 𝜌𝑇

−(𝑣𝑛)

The  𝑀𝐺1

𝐼−
 is shown in Table 7.

Table 7.   Matrix representation of 𝐼−- BCNG1

𝜎 𝑣1(𝜌𝐼
−(𝑣1)) 𝑣2(𝜌𝐼

−(𝑣2)) 𝑣𝑛(𝜌𝐼
−(𝑣𝑛))

𝑣1(𝜌𝐼
−(𝑣1)) 𝜌𝐼

−(𝑣1) 𝜎(𝜌𝐼
−(𝑣1),

𝜌𝐼
−(𝑣2))

𝜎(𝜌𝐼
−(𝑣1),𝜌𝐼

−(𝑣𝑛))

𝑣2(𝜌𝐼
−(𝑣2)) 𝜎(𝜌𝐼

−(𝑣2),𝜌𝐼
−(𝑣1)) 𝜌𝐼

+(𝑣2) 𝜎(𝜌𝐼
−(𝑣2),𝜌𝐼

−(𝑣2))

… …. … … 

𝑣𝑛(𝜌𝐼
−(𝑣𝑛)) 𝜎(𝜌𝐼

−(𝑣𝑛),𝜌𝐼
−(𝑣1)) 𝜎(𝜌𝐼

−(𝑣𝑛),

𝜌𝐼
−(𝑣2))

𝜌𝐼
−(𝑣𝑛)

The  𝑀𝐺1

𝐹−
 is presented in Table 8.
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Table8.  Matrix representation of 𝐹−- BCNG1
𝜓 𝑣1(𝜌𝐹

−(𝑣1)) 𝑣2(𝜌𝐹
−(𝑣2)) 𝑣𝑛(𝜌𝐹

−(𝑣𝑛))

𝑣1(𝜌𝐹
−(𝑣1)) 𝜌𝐹

−(𝑣1) 𝜓(𝜌𝐹
−(𝑣1),𝜌𝐹

−(𝑣2)) 𝜓(𝜌𝐹
−(𝑣1),𝜌𝐹

−(𝑣𝑛))

𝑣2(𝜌𝐹
−(𝑣2)) ψ(𝜌𝐹

−(𝑣2),𝜌𝐹
−(𝑣1) 𝜌𝐹

−(𝑣2) 𝜓(𝜌𝐹
−(𝑣2),𝜌𝐹

−(𝑣2))

… …. … … 

𝑣𝑛(𝜌𝐹
−(𝑣𝑛)) 𝜓(𝜌𝐹

−(𝑣𝑛),𝜌𝐹
−(𝑣1)) 𝜓(𝜌𝐹

−(𝑣𝑛),𝜌𝐹
−(𝑣2)) 𝜌𝐹

−(𝑣𝑛)

Remark1:if 𝜌𝑇
−(𝑥)=𝜌𝐼

−(𝑥)=𝜌𝐹
−(𝑥)0,the bipolar complex neutrosophic graphs of type 1 is reduced

to complex neutrosophic graph of type 1 (CNG1). 

Remark2:if𝜌𝑇
−(𝑥)=𝜌𝐼

−(𝑥)=𝜌𝐹
−(𝑥)0, and𝜌𝐼

+(𝑥)=𝜌𝐹
+(𝑥) =0 , the bipolar complex neutrosophic

graphs of type 1is reduced to generalized fuzzy graph of  type 1 (GFG1). 

Remark3:if the phase terms of bipolar complex neutrosophic values of the vertices equals 0, the 

bipolar complex neutrosophic graphs of type 1is reduced to generalized bipolar neutrosophic graph 

of  type 1 (GBNG1). 

Remark4:if 𝜌𝑇
−(𝑥) = 𝜌𝐼

−(𝑥) = 𝜌𝐹
−(𝑥) 0, and the phase terms of positive truth-membership,

indeterminate-membership and false-membership of the vertices equals 0, the bipolar complex 

neutrosophic graphs of type 1is reduced to generalized single valued neutrosophic graph of  type 

1 (GSVNG1). 

Here the bipolar complex neutrosophic graph of type 1 (BCNG1) can be represented by the matrix 

representation depicted in table 15.The matrix representation can be written as sixth matrices one 

containing the entries as𝑇+, 𝐼+ , 𝐹+,𝑇− , 𝐼− , 𝐹− (see table 9, 10,11,12,13 and 14).

Table 9. 𝑇+- matrix representation of BCNG1

𝛼 x(0.5 𝑒𝑗.0.8) y(0.9 𝑒𝑗.0.9) z(0.3 𝑒𝑗.0.3) t(0.8 𝑒𝑗.0.1)

x(0.5 𝑒𝑖.0.8) 0.5 𝑒𝑗.0.8 0.9 𝑒𝑗.0.9 0.5 𝑒𝑗.0.8 0.8 𝑒𝑖.0.8

y(0.9 𝑒𝑖.0.9) 0.9 𝑒𝑗.0.9 0.9 𝑒𝑗.0.9 0 0.9 𝑒𝑗.0.9

z(0.3 𝑒𝑖.0.3) 0.5 𝑒𝑗.0.8 0 0.3 𝑒𝑗.0.3 0 

t(0.8 𝑒𝑖.0.1) 0.8 𝑒𝑗.0.8 0.9 𝑒𝑗.0.9 0 0.8 𝑒𝑗.0.1

Table 10. 𝐼+- matrix representation of BCNG1

β x(0.3 ej.
3π

4 ) y(0.2 ej.
π

4) z(0.1 ej.2π) t(0.5 ej.π) 

x(0.3 ej.
3π

4 ) 0.3 ej.
3π

4 0.2 ej.
π

4 0.1 ej.
3π

4 0.1 ej.
3π

4

y(0.2 ej.
π

4) 0.2 ej.
π

4 0.2 ej.
π

4 0 0.2 ej.
π

4

z(0.1 ej.2π) 0.1 ej.
3π

4
0 0.1 ej.2π 0 

t(0.5 ej.π) 0.3 ej.2π 0.2 ej.
π

4 0 0.5 ej.π 
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Table 11:𝐹+- matrix representation of BCNG1

𝛿 x(0.1 𝑒𝑖.0.3) y(0.6 𝑒𝑗.0.5) z(0.8 𝑒𝑗.0.5) t(0.4𝑒𝑗.0.7) 

x(0.1 𝑒𝑗.0.3) 0.1 𝑒𝑖.0.3 0.1 𝑒𝑖.0.3 0.1 𝑒𝑗.0.3 0.1 𝑒𝑗.0.3 

y(0.6 𝑒𝑗.0.5) 0.1 𝑒𝑖.0.3 0.6 𝑒𝑗.0.5 0 0.4𝑒𝑗.0.5 

z(0.8 𝑒𝑗.0.5) 0.1 𝑒𝑖.0.3 0 0.8 𝑒𝑗.0.5 0 

t(0.4𝑒𝑗.0.7) 0.1 𝑒𝑖.0.3 0.4𝑒𝑗.0.5 0 0.4𝑒𝑗.0.7 

Table 12:𝑇−- matrix representation of BCNG1

𝜉 x(-0.6 𝑒𝑖.−0.6) y(-1 𝑒𝑖.−𝝅) z(-0.4 𝑒𝑖.−0.1) t(-0.9𝑒𝑖.−0.1)

x(-0.6 𝑒𝑖.−0.6) -0.6 𝑒𝑖.−0.6 -1 𝑒𝑖.−𝝅 -0.6 𝑒𝑖.−𝟎.𝟔 -0.9 𝑒𝑖.−𝟎.𝟔

y(-1 𝑒𝑖.−𝝅) -1 𝑒𝑖.−𝝅 -1 𝑒𝑖.−𝝅 0 -1 𝑒𝑖.−𝝅

z(-0.4 𝑒𝑖.−0.1) -0.6 𝑒𝑖.−𝟎.𝟔 0 -0.4 𝑒𝑖.−0.1 0 

t(-0.9𝑒𝑖.−0.1) -0.9 𝑒𝑖.−𝟎.𝟔 -1 𝑒𝑖.−𝝅 0 -0.9𝑒𝑖.−0.1

Table 13:𝐼−- matrix representation of BCNG1

𝜎 x(-0.4 𝑒𝑖.−2𝝅) y(-0.3 𝑒𝑖.0) z(-0.2 𝑒𝑖.−0.3) t(-0.6𝑒𝑖.−0.2)

x(-0.4𝑒𝑖.−2𝝅) -0.4 𝑒𝑖.−2𝝅 -0.3𝑒𝑖.0 -0.2𝑒𝑖.−2𝝅 -0.4𝑒𝑖.−2𝝅

y(-0.3𝑒𝑖.0) -0.3 𝑒𝑖.0 -0.3 𝑒𝑖.0 0 -0.3 𝑒𝑖.0

z(-0.2 𝑒𝑖.−0.3) -0.2 𝑒𝑖.−2𝝅 0 -0.2 𝑒𝑖.−0.3 0 

t(-0.6𝑒𝑖.−0.2) -0.4 𝑒𝑖.−2𝝅 -0.3 𝑒𝑖.0 0 -0.6𝑒𝑖.−0.2

Table 14:𝐹−- matrix representation of BCNG1

𝜓 x(-0.2 𝑒𝑖.−2𝝅) y(-0.7 𝑒𝑖.−0.6) z(-0.9 𝑒𝑖.−2𝝅) t(-0.5𝑒𝑖.−𝝅)

x(-0.2𝑒𝑖.−2𝝅) -0.2 𝑒𝑖.−2𝝅 -0.2𝑒𝑖.−0.3 -0.2 𝑒𝑖.−0.3 -0.2𝑒𝑖.−0.3

y(-0.7 𝑒𝑖.−0.6) -0.2 𝑒𝑖.−0.3 -0.7 𝑒𝑖.−0.6 0 -0.5𝑒𝑖.−0.6

z(-0.9 𝑒𝑖.−2𝝅) -0.2 𝑒𝑖.−0.3 0 -0.9 𝑒𝑖.−2𝝅 0 

t(-0.5𝑒𝑖.−𝝅) -0.2 𝑒𝑖.−0.3 -0.3 𝑒𝑖.0 0 -0.5𝑒𝑖.−𝝅

The matrix representation of GBNG1 is shown in Table 15. 
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Table 15. Matrix representation of BCNG1. 

(𝛼,𝛽,𝛿,𝜉,𝜎,𝜓) x<0.5 𝒆𝒋.𝟎.𝟖, 0.3 𝒆𝒋.
𝟑𝝅

𝟒 , 

0.1 𝒆𝒋.𝟎.𝟑, -

0.6𝒆𝒊.−𝟎.𝟔,-0.4𝒆𝒊.−𝟐𝝅,-

0.2𝒆𝒊.−𝟎.𝟑>

y<0.9𝐞𝐣.𝟎.𝟗, 0.2𝐞𝐣.
𝛑

𝟒, 
0.6𝐞𝐣.𝟎.𝟓, -1𝐞𝐢.−𝛑, -
0.3𝐞𝐢.𝟎, -0.7𝐞𝐢.−𝟎.𝟔> 

z   <0.3 𝐞𝐣.𝟎.𝟑, 0.1 
𝐞𝐣.𝟐𝛑, 0.8𝐞𝐣.𝟎.𝟓,-
0.4𝐞𝐢.−𝟎.𝟏,-
0.2𝐞𝐢.−𝟎.𝟑, -
0.9𝐞𝐢.−𝟐𝛑> 

t<0.8𝐞𝐣.𝟎.𝟏, 0.5𝐞𝐣.𝛑, 
0.4𝐞𝐣.𝟎.𝟕, -0.9𝐞𝐢.−𝟎.𝟏,-
0.6𝐞𝐢.−𝟎.𝟐,-0.5𝐞𝐢.−𝛑, -
0.7𝐞𝐢.−𝟎.𝟔> 

x<0.5 𝒆𝒋.𝟎.𝟖, 0.3

𝒆𝒋.
𝟑𝝅

𝟒 , 0.1 𝒆𝒋.𝟎.𝟑, -

0.6𝒆𝒊.−𝟎.𝟔,-

0.4𝒆𝒊.−𝟐𝝅,-

0.2𝒆𝒊.−𝟎.𝟑>

<0.5 𝒆𝒋.𝟎.𝟖, 0.3 𝒆𝒋.
𝟑𝝅

𝟒 , 

0.1 𝒆𝒋.𝟎.𝟑, -

0.6𝒆𝒊.−𝟎.𝟔,-0.4𝒆𝒊.−𝟐𝝅,-

0.2𝒆𝒊.−𝟎.𝟑> 

<0.9𝐞𝐣.𝟎.𝟗, 0.2𝐞𝐣.
𝛑

𝟒, 

0.1𝐞𝐣.𝟎.𝟓,

-1𝐞𝐢.−𝛑, -0.3𝐞𝐢.𝟎, -

0.2𝐞𝐢.−𝟎.𝟑 >

<0.5𝐞𝐣.𝟎.𝟖,0.1 

𝐞𝐢.
𝟑𝛑

𝟒 , 0.1𝐞𝐢.𝟎.𝟑,-
0.6𝐞𝐢.−𝟎.𝟔, 

0.2𝐞𝐢.−𝟐𝛑, -
0.2𝐞𝐢.−𝟎.𝟑> 

<0.8𝐞𝐣.𝟎.𝟖, 0.3𝐞𝐢,
𝟑𝛑

𝟒 , 
0.1𝐞𝐣.𝟎.𝟑,  
-0.9𝐞𝐣.−𝟎.𝟔, -
0.4𝐞𝐢.−𝟐𝛑, -
0.2𝐞𝐣.𝟎𝐢.−𝟎.𝟑.> 

y<0.9𝐞𝐣.𝟎.𝟗, 0.2𝐞𝐣.
𝛑

𝟒, 
0.6𝐞𝐣.𝟎.𝟓, -1𝐞𝐢.−𝛑, -
0.3𝐞𝐢.𝟎, -0.7𝐞𝐢.−𝟎.𝟔> 

<0.9𝐞𝐣.𝟎.𝟗, 0.2𝐞𝐣.
𝛑

𝟒, 

0.1𝐞𝐣.𝟎.𝟓,

-1𝐞𝐢.−𝛑, -0.3𝐞𝐢.𝟎, -

0.2𝐞𝐢.−𝟎.𝟑 >

<0.9𝐞𝐣.𝟎.𝟗, 0.2𝐞𝐣.
𝛑

𝟒, 
0.6𝐞𝐣.𝟎.𝟓, -1𝐞𝐢.−𝛑, -
0.3𝐞𝐢.𝟎, -0.7𝐞𝐢.−𝟎.𝟔> 

(0,  0 ,  0 , 0 ,0,  0) <0.9𝐞𝐣.𝟎.𝟗, 0.2𝐞𝐢.
𝛑

𝟒, 
0.4𝐞𝐢.𝟎.𝟓, -1𝐞𝐢.−𝛑, -

0.3𝐞𝐢.𝟎, -0.5𝐞𝐢.−𝟎.𝟔> 

z   <0.3 𝐞𝐣.𝟎.𝟑, 0.1 
𝐞𝐣.𝟐𝛑, 0.8𝐞𝐣.𝟎.𝟓,-
0.4𝐞𝐢.−𝟎.𝟏,-0.2𝐞𝐢.−𝟎.𝟑, 
-0.9𝐞𝐢.−𝟐𝛑> 

<0.5𝐞𝐣.𝟎.𝟖,0.1 𝐞𝐢.
𝟑𝛑

𝟒 , 
0.1𝐞𝐢.𝟎.𝟑,-0.6𝐞𝐢.−𝟎.𝟔, 

0.2𝐞𝐢.−𝟐𝛑, -
0.2𝐞𝐢.−𝟎.𝟑> 

(0,  0 ,  0 , 0 ,0,  

0) 

z <0.3 𝐞𝐣.𝟎.𝟑, 0.1 
𝐞𝐣.𝟐𝛑, 0.8𝐞𝐣.𝟎.𝟓,-
0.4𝐞𝐢.−𝟎.𝟏,-
0.2𝐞𝐢.−𝟎.𝟑, -
0.9𝐞𝐢.−𝟐𝛑> 

(0,  0 ,  0 , 0 ,0,  

0) 

t<0.8𝐞𝐣.𝟎.𝟏, 0.5𝐞𝐣.𝛑, 
0.4𝐞𝐣.𝟎.𝟕, -0.9𝐞𝐢.−𝟎.𝟏,-
0.6𝐞𝐢.−𝟎.𝟐,-0.5𝐞𝐢.−𝛑, -
0.7𝐞𝐢.−𝟎.𝟔> 

<0.8𝐞𝐣.𝟎.𝟖, 0.3𝐞𝐢,
𝟑𝛑

𝟒 , 
0.1𝐞𝐣.𝟎.𝟑,  
-0.9𝐞𝐣.−𝟎.𝟔, -
0.4𝐞𝐢.−𝟐𝛑, -
0.2𝐞𝐣.𝟎𝐢.−𝟎.𝟑.> 

<0.9𝐞𝐣.𝟎.𝟗, 0.2𝐞𝐢.
𝛑

𝟒, 
0.4𝐞𝐢.𝟎.𝟓, -1𝐞𝐢.−𝛑, -

0.3𝐞𝐢.𝟎, -0.5𝐞𝐢.−𝟎.𝟔> 

(0,  0 ,  0 , 0 ,0,  

0) 

<0.8𝐞𝐣.𝟎.𝟏, 0.5𝐞𝐣.𝛑, 
0.4𝐞𝐣.𝟎.𝟕, -0.9𝐞𝐢.−𝟎.𝟏,-
0.6𝐞𝐢.−𝟎.𝟐,-0.5𝐞𝐢.−𝛑, -
0.7𝐞𝐢.−𝟎.𝟔>   

Table 15: Matrix representation of BCNG1. 

Theorem 1. Let 𝑀𝐺1

𝑇+
be matrix representation of 𝑇+-BCNG1, then the degree of vertex

𝐷𝑇+(𝑥𝑘)=∑ 𝑎𝑇+(𝑘 + 1, 𝑗 + 1)𝑛
𝑗=1,𝑗≠𝑘 ,𝑥𝑘 ∈ V or 

𝐷𝑇+(𝑥𝑝)=∑ 𝑎𝑇+(𝑖 + 1, 𝑝 + 1)𝑛
𝑖=1,𝑖≠𝑝 , 𝑥𝑝 ∈ V. 

Proof: It is similar as in theorem 1  of (Broumi et al., 2017b). 

Theorem 2. Let 𝑀𝐺1

𝐼+
 be matrix representation of 𝐼+- BCNG1, then the degree of vertex

𝐷𝐼+(𝑥𝑘) =∑ 𝑎𝐼+(𝑘 + 1, 𝑗 + 1)𝑛
𝑗=1,𝑗≠𝑘 ,𝑥𝑘 ∈ V or 

𝐷𝐼+(𝑥𝑝) =∑ 𝑎𝐼+(𝑖 + 1, 𝑝 + 1)𝑛
𝑖=1,𝑖≠𝑝 , 𝑥𝑝 ∈ V. 

Proof: It is similar as in theorem 1 of (Broumi et al., 2017b). 
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Theorem 3. Let 𝑀𝐺1

𝐹+
 be matrix representation of 𝐹+- BCNG1, then the degree of vertex

𝐷𝐹+(𝑥𝑘) =∑ 𝑎𝐹+(𝑘 + 1, 𝑗 + 1)𝑛
𝑗=1,𝑗≠𝑘 ,𝑥𝑘 ∈ V or 

𝐷𝐹+(𝑥𝑝) =∑ 𝑎𝐹+(𝑖 + 1, 𝑝 + 1)𝑛
𝑖=1,𝑖≠𝑝 , 𝑥𝑝 ∈ V. 

Proof: It is similar as in theorem 1 of (Broumi et al., 2017b) 

Theorem 4. Let 𝑀𝐺1

𝑇−
 be matrix representation of 𝑇−- BCNG1, then the degree of vertex

𝐷𝑇−(𝑥𝑘) =∑ 𝑎𝑇−(𝑘 + 1, 𝑗 + 1)𝑛
𝑗=1,𝑗≠𝑘 ,𝑥𝑘 ∈ V or 

𝐷𝑇−(𝑥𝑝) =∑ 𝑎𝑇−(𝑖 + 1, 𝑝 + 1)𝑛
𝑖=1,𝑖≠𝑝 , 𝑥𝑝 ∈ V. 

Proof: It is similar as in theorem 1 of (Broumi et al., 2017b). 

Theorem 5. Let 𝑀𝐺1

𝐼−
 be matrix representation of 𝐼−- BCNG1, then the degree of vertex

𝐷𝐼−(𝑥𝑘) =∑ 𝑎𝐼−(𝑘 + 1, 𝑗 + 1)𝑛
𝑗=1,𝑗≠𝑘 ,𝑥𝑘 ∈ V or 

𝐷𝐼−(𝑥𝑝) =∑ 𝑎𝐼−(𝑖 + 1, 𝑝 + 1)𝑛
𝑖=1,𝑖≠𝑝 , 𝑥𝑝 ∈ V. 

Proof: It is similar as in theorem 1 of (Broumi et al., 2017b). 

Theorem 6. Let 𝑀𝐺1

𝐹−
 be matrix representation of 𝐹−- BCNG1, then the degree of vertex

𝐷𝐹−(𝑥𝑘) =∑ 𝑎𝐹−(𝑘 + 1, 𝑗 + 1)𝑛
𝑗=1,𝑗≠𝑘 ,𝑥𝑘 ∈ V or 

𝐷𝐹−(𝑥𝑝) =∑ 𝑎𝐹−(𝑖 + 1, 𝑝 + 1)𝑛
𝑖=1,𝑖≠𝑝 , 𝑥𝑝 ∈ V. 

Proof: It is similar as in theorem 1 of (Broumi et al., 2017b) 

5. CONCLUSION

In this article, we have extended the concept of complex neutrosophic graph of type 1 (CNG1) to 

bipolar complex neutrosophic graph of type 1(BCNG1) and presented a matrix representation of 

it.  The concept of BCNG1 is a generalization of Generalized fuzzy graph of type 1 (GFG1), 

generalized bipolar neutrosophic graph of type 1 (GBNG1), generalized single valued 

neutrosophic graph of type 1 (GSVNG1) and complex neutrosophic graph of type 1(CNG1). This 

concept can be applied to the case of tri-polar neutrosophic graphs and multi-polar neutrosophic 

graphs. In the future works, we plan to study the concept of completeness, the concept of regularity 

and to define the concept of bipolar complex neutrosophic graphs of type 2. 
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