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Abstract. In this paper, we first define the concept of bipolar single neutrosophic graphs as the
generalization of bipolar fuzzy graphs, N-graphs, intuitionistic fuzzy graph, single valued
neutrosophic graphs and bipolar intuitionistic fuzzy graphs.

1. Introduction

Zadeh [9] coined the term ‘degree of membership’ and defined the concept of fuzzy set in order to
deal with uncertainty. Atanassov [8] incorporated the degree of non-membership in the concept of
fuzzy set as an independent component and defined the concept of intuitionistic fuzzy set.
Smarandache [2] grounded the term ‘degree of indeterminacy’ as an independent component and
defined the concept of neutrosophic set from the philosophical point of view to deal with
incomplete, indeterminate and inconsistent information in real world. The concept of neutrosophic
set is a generalization of the theory of fuzzy set, intuitionistic fuzzy set. Each element of a
neutrosophic set has three membership degrees including a truth membership degree, an
indeterminacy membership degree, and a falsity membership degree which are within the real
standard or nonstandard unit interval ] 0, 1'[. Therefore, if their range is restrained within the real
standard unit interval [0, 1], the neutrosophic set is easily applied to engineering problems. For this
purpose, Wang et al. [6] introduced the concept of the single-valued neutrosophic set (SVNS) as a
subclass of the neutrosophic set. Recently, Deli et al. [7] defined the concept of bipolar
neutrosophic, as a generalization of single valued neutrosophic set, and bipolar fuzzy graph, also
studying some of their related properties. The neutrosophic set theory of and their extensions have
been applied in various domains [22] (refer to the site http://fs.gallup.unm.edu/NSS/).

When the relations between nodes (or vertices) in problems are indeterminate, the concept of
fuzzy graphs [15] and its extensions, such as intuitionistic fuzzy graphs [11, 16], N-graphs [13],
bipolar fuzzy graphs [11, 12, 14], bipolar intuitionistic fuzzy graphs [1] are not suitable. For this
purpose, Smarandache [3] defined four main categories of neutrosophic graphs, two based on literal
indeterminacy (I), calling them I-edge neutrosophic graph and I-vertex neutrosophic graph; these
concepts are deeply studied and gained popularity among some researchers [4, 5, 19, 20, 21] due to
their applications in the real world problems. The two others graphs are based on (t, 1, f)
components, and are called: (t, i, f)-edge neutrosophic graph and (t, i, f)-vertex neutrosophic graph;
but these new concepts are not developed at all yet. Later on, Broumi et al. [18] introduced a third
neutrosophic graph model. The single valued neutrosophic graph is the generalization of fuzzy
graph and intuitionstic fuzzy graph. Also, the same authors [17] introduced neighborhood degree of
a vertex and closed neighborhood degree of a vertex in the 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.
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In this paper, motivated by the works of Deli et al. [7] and Broumi et al. [18], we introduced the
concept of bipolar single valued neutrosophic graph and proved some propositions.

2. Preliminaries

In this section, we mainly recall some notions, which we are also going to use in the rest of the
paper. The readers are referred to [6, 7, 10, 11, 13, 15, 18] for further details and background.

Definition 2.1 [6]

Let U be an universe of a discourse; then, the neutrosophic set A is an object having the form A
= {<x: Ta(x), L4 (%), F4(x)>, x € U}, where the functions T, I, F: U—]70,1"[ define respectively
the degree of membership, the degree of indeterminacy, and the degree of non-membership of the
element x € U to the set A with the condition: 0 < T, (3)+ I (x)+ Fo (%)< 3"

Definition 2.2 [7]

A bipolar neutrosophic set A in X is defined as an object of the form A={<x, T¥(x), I*(x),
FP(x), T"(x), I"(x), F¥(x)>: x € X}, where T”, I", FF:X= [1, 0] and TV, I, F¥: X— [-1, 0].
The positive membership degree T7(x), I°(x), FF(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 TV (x), I”(x), F"(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.

Example 2.1

Let X = {x, x4, x5};

<x,,0.5.0.3,01,-0.6,~0.4-0.05> | , ,
A =14 <2x,,0.3,0.2,0.7,—0.02,-0.3-0.02> 1S @ bipolar neutrosophic subset of X.
<2x,.,0.8,0.05,0.4,-0.6,~0.6,~0.03>

Definition 2.3 [7]

Let 4, = {<x, T{ (x), I{(x), Ff(x), T{¥(x), I{'(x), F¥(x)>} and 4, = {<x, T3 (x), I3 (x), F(x),
N(x), I¥(x), Fi'(x) >} be two bipolar neutrosophic sets. Then, 4; & A, if and only if T{ (x) =
200, P00 £ 10, FP(x) = FP(x) and T(x) = T (), 1) = F(x) . F¥(x) < F¥(x) for all

x €EX.
Definition 2.4 [15]
A fuzzy graph with V as the underlying set is a pair G = (o, p), where 6: V — [0, 1] is a fuzzy
subset and p: V x V — [0, 1] is a fuzzy relation on ¢ such that u(x, y) = o(x) A o(y) forall x,y € V
where A stands for minimum.
Definition 2.5 [13]
By a N-graph G of a graph G, we mean a pair G= (i, it;) where 4 is an N-function in V and g,
is an N-relation on E such that u,(u,v) = max (#4(u), 4(v))allu, v E V.
Definition 2.6 [10]
An intuitionistic fuzzy graph is of the form G = (V, E), where
1. V = {vy, V,,...., v} such that g4: V= [0,1] and ¥;: V = [0,1] denoting the degree
of membership and non-membership of the element v; € V, respectively, and 0< pq(v;) +
Yi(vp))<lforevery v, EV,(1=1,2,....... n), (1)

ii. E £ VxVwhere p;: VxV—[0,1] and ¥;: VxV— [0,1] are such that p;(v;, v;) <
min [14(V;), #4(¥;)] and ¥ (V, V;) = max [¥1(V;), ¥1(V;)] and 0 < po (v, v;) + ¥2(v;, v;) < 1 for
every (vi, v;) €E, (1,j=1,2, ....... n). (2)

Definition 2.7 [11]
Let X be a non-empty set. A bipolar fuzzy set A in X is an object having the form A = {(x, p5(x),
Y (x)) | x € X}, where pgf(x): X — [0, 1] and g% (x): X — [~1, 0] are mappings.
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Definition 2.8 [11]

A bipolar fuzzy graph of a graph 6*= (V, E) is a pair G = (A,B), where A = (i}, pY) is a
bipolar fuzzy set in V and B = (uf, uj) is a bipolar fuzzy set on E SV x V such that pz(xy) <
min{u5(x), g4(y)} for all xy € E, uf (xy) = min{g} (x), u}(y)} for all xy € E and uz(xy) = pg (xy)
=0 for all xy € ¥ —E. Here A is called bipolar fuzzy vertex set of V, and B - the bipolar fuzzy edge
set of E.

Definition 2.9 [18]

A smgle valued neutrosophic graph (SVNG) of a graph G*= (V, E) is a pair G = (A, B), where:

1. = {vy, v,,..., ¥, } such that T;:V—[0, 1], [,:V—=[0, 1] and F; :V—[0, 1] denote the degree
of truth- membershlp, degree of indeterminacy-membership and falsity-membership of the
element v; € V, respectively, and 0= T,(v;) + Ly(v;) +F; (v;) =3 for every v; € V (i=1, 2,
..y D). 3)

. EE&EVxV,where T5:VxV =0, 1], I5:VxV —=[0, 1] and F5:V x V —[0, 1] are such that

E‘(v:’t]j = min [TA(E?:] T (E?}j] I [:1'.:1:,1'1:] = max [IA (1'.?!] I [: j] and F (E’jz’vj = max
[Fa (v:), By (vp)] and 0= Ty(v, v;) + Ig (v, v )+ Fp (vevy) =3, forevery (v, v)) €EE(1,j =
1,2,...,n). 4)

3. Bipolar Single Valued Neutrosophic Graphs

In this section, we firstly define the concept of a bipolar single valued neutrosophic relation.

Definition 3.1

Let X be a non-empty set. Then we call a mapping A = (x, T*(x), I (x), FF(x), TV (x), I"(x),
FY(x)):X x X — [~1, 0] x [0, 1] a bipolar single valued neutrosophic relation on X such that TS (%,
y) € [0, 11, I2(x, y) €0, 11, P (x, y) € [0, 1], and T)'(x, y) € [-1, 0], I (x, y) € [-1, 0], E(x, y) €
[—1, 0].

Definition 3.2

LetA= (T , Iy, EF, T, IV, EY)and B = (Tﬁ.}, Iz, FBP, To ; I¥, F;') be a bipolar single valued
neutrosophic graph on a set X. If B = (Tg,15, Fz,Ta,I¥, F3') is a bipolar single valued
neutrosophic relation on 4 = (Tf, If, E, T, , 1Y, E}Y) then:

Tz (v, y) = min(T{ (%), T7(Y), T5'(x, ») :’maX(TA (X) T2'(y) (5)
I (x, ») = max(If (x), P(Y)), I (x, y) = min(Z{'(x), I3'(¥)) (6)
FZ (x, y) = max(Fy (x), FAP(Y)), Fg'(x, y) = min(F"(x), F{'(y)), for all x, y € X. (7)

A bipolar single valued neutrosophic relation B on X is called symmetric if T3 (x, y) = Tz (3,
%), 150c ) = 15, x), FP (e ) = EE (v, %) and TH (5, ) = T8 0v 0, 1 ) = 150, %), B (x ») =
F¥(, x), forall x, y € X.

Definition 3.3

A bipolar single valued neutrosophic graph of a graph G* = (V, E) is a pair G = (A, B), where A
=(Tf,1f, Ef, 1), IV, EY)is abipolar single valued neutrosophic setin V, and B = (5, I,

FF, T 1¥, FY)is a bipolar single valued neutrosophic set in V%, such that

Ts (v, ») = min(T (v), T{(vy),  T5'(x, ¥) = max(TS (vy), T (v;)) ®)

(e ) 2 max(F(), F@y), 15 (x ) = min@) (vy), 1 (v)), and ©)

FF(x, y) = max(Ef (v, Ef(vy)), Fi'(x, y) = min(E}" (), EY(v;)), for all xy € V=, (10)

Notation

An edge of BSVNG is denoted by &;; € E or v;v; € E.

Here, the sextuple (v;, T, IF, Ef, T, 1Y, FY) denotes the positive degree of truth-membership,
the positive degree of indeterminacy-membership, the positive degree of falsity-membership, the

negative degree of truth-membership, the negative degree of indeterminacy-membership, the
negative degree of falsity- membership of the vertex v;.

The sextuple (e;;, T, If, Fa,Ta , 1%, Fa') denotes the positive degree of truth-membership, the
positive degree of indeterminacy-membership, the positive degree of falsity-membership, the
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negative degree of truth-membership, the negative degree of indeterminacy-membership, the
negative degree of falsity- membership of the edge relation e;; = (v, v;) on VX V.

Notes
i. When Tf =17 =F/=0and T) = I = F'= 0 for some i and j, then there is no edge
between v; and v; . Otherwise there exists an edge between v; and v; .
ii.  If one of the inequalities is not satisfied, then G is not a BSVNG.

,(0.2,0.2, 0.4 ,-0.4, -0.1,-0.4) (0.1,0.3,0.6,-0.2,-0.3,-0.1) v, (0.1,0.3, 0.5 ,-0.6, -0.2,-0.3)
— =
n o
o L
LS (1]
m o
(=] T
" —
™~ =]
C.) L
n S
< o
m =]
< -
~ =]
] e
v4 (0.3,0.2, 0.4 -0.2, -0.3,-0.5) (0.1,0.5,0.6 ,-0.1, -0.6,-0.5) v3 (0.2,0.3,0.5 ,-0.3, -0.2,-0.1)

Fig.1: Bipolar single valued neutrosophic graph.

Proposition 3.1

A bipolar single valued neutrosophic graph is the generalization of the fuzzy graph.

Proof

Suppose G = (A, B) is a bipolar single valued neutrosophic graph. Then, by setting the positive
indeterminacy-membership, positive falsity-membership and negative truth-membership, negative
indeterminacy-membership, negative falsity-membership values of vertex set and edge set equals to
zero, it reduces the bipolar single valued neutrosophic graph to a fuzzy graph.

Example 3.1

v,(0.2) (0.1) v, (0.4)
vy (0.1) (0.1) v; (0.3)

Fig. 2: Fuzzy graph
Proposition 3.2

A bipolar single valued neutrosophic graph is the generalization of the bipolar intuitionstic fuzzy
graph.
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Proof

Suppose G = (A, B) is a bipolar single valued neutrosophic graph. Then, by setting the positive
indeterminacy-membership, negative indeterminacy-membership values of vertex set and edge set
equals to zero, it reduces the bipolar single valued neutrosophic graph to a bipolar intuitionistic

fuzzy graph.

Example 3.2
v41(0.3, 0.4) (0.1,0.3) v, (0.2, 0.3)

" —
-:1'__ g
~ .

. i~
S s

vy (0.2, 0.3) (0.2, 0.3) v3 (0.2, 0.3)

Fig.3: Intuitionistic fuzzy graph.

Proposition 3.3

A bipolar single valued neutrosophic graph is the generalization of the single valued
neutrosophic graph.

Proof

Suppose G = (A, B) is a bipolar single valued neutrosophic graph. Then, by setting the negative
truth-membership, negative indeterminacy-membership, negative falsity-membership values of
vertex set and edge set equals to zero, it reduces the bipolar single valued neutrosophic graph to a
single valued neutrosophic graph.

Example 3.3
,(0.2,0.3,0.3) (0.2,0.3,0.2) v, (0.2, 0.3, 0.3)
= m
(=] S
e m
o (=
~ ~
e o
v, (0.2,0.3,0.3) (0.2,0.3,0.3) v; (0.2, 0.3, 0.3)

Fig. 4: Single valued neutrosophic graph.

Proposition 3.4
A bipolar single valued neutrosophic graph is the generalization of the bipolar intuitionstic fuzzy

graph.
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Proof
Suppose G = (A, B) is a bipolar single valued neutrosophic graph. Then, by setting the positive

indeterminacy-membership, negative indeterminacy-membership values of vertex set and edge set
equals to zero, it reduces the bipolar single valued neutrosophic graph to a bipolar intuitionistic

fuzzy graph.

Example 3.4
v4(0.2, 0.3,-0.2, -0.3) (0.2,0.3,-0.2,-0.3) v, (0.2, 0.3,-0.2, -0.3)
) —
¢ 2
o8 "
S 3
- A
S n
o e
S o
i (=]
v,4 (0.2, 0.3 ,-0.2,-0.3) (0.2, 0.3 ,-0.2, -0.3) v3 (0.2, 0.3 ,-0.2,-0.3)

Fig.5: Bipolar intuitionistic fuzzy graph.

Proposition 3.5
A bipolar single valued neutrosophic graph is the generalization of the N-graph.

Proof

Suppose G = (A, B) is a bipolar single valued neutrosophic graph. Then, by setting the positive
degree membership such truth-membership, indeterminacy-membership, falsity-membership and
negative indeterminacy-membership, negative falsity-membership values of vertex set and edge set
equals to zero, it reduces the single valued neutrosophic graph to a N-graph.

Example 3.5
v4(-0.2) (-0.1) v, (-0.3)
~ —_
i s
v, (-0.3) (-0.1) v (-0.5)

Fig. 6: N-graph.



190 Recent Tendency in Aerospace, Robotics, Manufacturing Systems, Energy
and Mechanical Engineering

4. Conclusion

In this paper, we have introduced the concept of bipolar single valued neutrosophic graphs and also
proved that the most widely used extensions of fuzzy graphs are particular cases of bipolar single
valued neutrosophic graphs. So our future work will focus on: (1) The study of certains types of
bipolar single valued neutrosophic graphs such as, complete bipolar single valued neutrosophic
graphs, strong bipolar single valued neutrosophic graphs, regular bipolar single valued neutrosophic
graphs. (2) The concept of energy of bipolar single valued neutrosophic graphs. (3) The study about
applications, especially in traffic light problem.

References

[1] D. Ezhilmaran & K. Sankar: Morphism of bipolar intuitionistic fuzzy graphs, in: Journal of
Discrete Mathematical Sciences and Cryptography, 18:5, 605-621 (2015), DOI:10.1080/
09720529.2015.1013673.

[2] F. Smarandache: Refined Literal Indeterminacy and the Multiplication Law of Sub-
Indeterminacies, in: Neutrosophic Sets and Systems, Vol. 9, 58-69 (2015).

[3] F. Smarandache: Neutrosophic set - a generalization of the intuitionistic fuzzy set, Granular
Computing, 2006 IEEE International Conference, 38 — 42 (2006), DOI: 10.1109/GRC.2006.
1635754.

[4] F. Smarandache: Types of Neutrosophic Graphs and Neutrosophic Algebraic Structures
together with their Applications in Technology, seminar, Universitatea Transilvania din Brasov,
Facultatea de Design de Produs si Mediu, Brasov, Romania 06 June 2015.

[5] F. Smarandache: Symbolic Neutrosophic Theory (Europanova asbl, Brussels, 195 p., Belgium
2015).

[6] H. Wang, F. Smarandache, Y. Zhang, and R. Sunderraman: Single valued Neutrosophic
Sets, in: Multispace and Multistructure 4, 410-413 (2010).

[7] L Deli, M. Ali, F. Smarandache: Bipolar neutrosophic sets and their application based on
multi-criteria decision making problems, in: Advanced Mechatronic Systems (ICAMechS),
249- 254 (2015), DOI: 10.1109/ICAMechS.2015.7287068.

[8] K. Atanassov: Intuitionistic fuzzy sets, in: Fuzzy Sets and Systems, vol. 20, 87-96 (1986).
[9] L. Zadeh: Fuzzy sets, in: Inform and Control, 8, 338-353 (1965)

[10]M. Akram and B. Davvaz: Strong intuitionistic fuzzy graphs, in: Filomat, vol. 26, no. 1, 177—
196 (2012).

[11]1M. Akram: Bipolar fuzzy graphs, in: Information Sciences, vol. 181, no. 24, 5548-5564 (2011).

[12]M. Akram: Bipolar fuzzy graphs with applications, in: Knowledge Based Systems, vol. 39, 1-8
(2013).

[13]M. Akram, K. H. Dar: On N- graphs, in: Southeast Asian Bulletin of Mathematics (2012).

[14]M. Akram, W. A. Dudek: Regular bipolar fuzzy graphs, in: Neural Computing and
Applications, Vol 21, 197-205 (2012).

[15]P. Bhattacharya: Some remarks on fuzzy graphs, in: Pattern Recognition Letters 6: 297-302
(1987).

[16]R. Parvathi and M. G. Karunambigai: Intuitionistic Fuzzy Graphs, Computational Intelligence,
Theory and applications, International Conference in Germany, Sept 18-20 (2006).



Applied Mechanics and Materials Vol. 841 191

[17]S. Broumi, M. Talea, F. Smarandache: Single Valued Neutrosophic Graphs: Degree, Order and
Size, (2016) submitted.

[18]S. Broumi, M. Talea. A. Bakkali and F. Smarandache: Single Valued Neutrosophic Graph, in:
Journal of New Theory, N 10, 68-101 (2016).

[19]W. B. Vasantha Kandasamy and F. Smarandache: Fuzzy Cognitive Maps and Neutrosophic
Cognitive Maps (USA, 2013).

[20]W. B. Vasantha Kandasamy, K. Ilanthenral and Florentin Smarandache: Neutrosophic Graphs:
A New Dimension to Graph Theory (Kindle Edition, 2015).

[21]W.B. Vasantha Kandasamy and F. Smarandache: Analysis of social aspects of migrant laborers
living with HIV/AIDS using Fuzzy Theory and Neutrosophic Cognitive Maps (Xiquan, Phoenix,
USA, 2004).

[22]More information on http://fs.gallup.unm.edu/NSS/.



