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Abstract. Bipolarity plays an important role in many research domains. A bipolar
fuzzy model is a very important model in which positive information represents what
is possible or preferred, while negative information represents what is forbidden or
surely false. In this research paper, we first introduce the concept of p-competition
bipolar neutrosophic graphs. We then define generalization of bipolar neutrosophic
competition graphs called m-step bipolar neutrosophic competition graphs. More-
over, we present some related concepts of bipolar neutrosophic graphs. Finally, we

describe an application of m-step bipolar neutrosophic competition graphs.

Key words and Phrases: p-competition bipolar neutrosophic graphs, m-step bipolar
neutrosophic competition graphs, Algorithm.

Abstrak. Bipolariti memainkan peran penting dalam berbagai macam topik peneli-
tian. Sebuah model Fuzzy bipolar adalah sebuah model yang sangat penting dalam
hal informasi postif menyatakan apa yang mungkin dipilih, sedangkan informasi
negatif menyatakan apa yang dilarang atau pasti salah. Pada paper ini, pertama
kali kami memperkenalkan konsep graf neotrosopik bipolar p-kompetisi. Kemudian
kami mendefinisikan perumuman dari graf kompetisi neutrosopik bipolar yang dise-
but dengan graf kompetisi neutrosopik bipolar m-langkah. Lebih jauh, kami menya-
jikan beberapa konsep yang terkait dengan graf neutrosopik bipolar. Akhirnya, kami
menggambarkan sebuah aplikasi dari graf kompetisi neutrosopik bipolar m-langkah.

Kata kunci: Graf neotrosopik bipolar p-kompetisi, graf kompetisi neutrosopik bipo-
lar m-langkah, algoritma.
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1. INTRODUCTION

The notion of competition graphs was introduced by Cohen [10] in 1968, de-
pending upon a problem in ecology. The competition graphs have many utilizations
in solving daily life problems, including channel assignment, modeling of complex
economic, phytogenetic tree reconstruction, coding and energy systems.

Fuzzy set theory [26] and intuitionistic fuzzy set theory [6] are useful models for
dealing with uncertainty and incomplete information. But they may not be suf-
ficient in modeling of indeterminate and inconsistent information encountered in
real world. In order to cope with this issue, neutrosophic set theory was proposed
by Smarandache [18] as a generalization of fuzzy sets and intuitionistic fuzzy sets.
However, since neutrosophic sets are identified by three functions called truth-
membership (¢), indeterminacy-membership (i) and falsity-membership (f) whose
values are real standard or non-standard subset of unit interval J0~,17[. There
are some difficulties in modeling of some problems in engineering and sciences. To
overcome these difficulties, in 2010, concept of single-valued neutrosophic sets and
its operations defined by Wang et al. [22] as a generalization of intuitionistic fuzzy
sets. Ye [24, 25] has presented several novel applications of neutrosophic sets.
Deli et al. [11] extended the ideas of bipolar fuzzy sets [28] and neutrosophic sets
to bipolar neutrosophic sets and studied its operations and applications in decision
making problems. Smarandache [20] proposed notion of neutrosophic graph and
they separated them to four main categories. Wu [23] discussed fuzzy digraphs.
The concept of fuzzy k-competition graphs and p-competition fuzzy graphs was
first introduced by Samanta and Pal in [15], it was further studied in [5, 13, 16, 17].
Cho et al. [9] proposed the generalization of a digraphs known as m-step competi-
tion graphs. Samanta et al. [16] introduced the generalization of fuzzy competition
graphs, called m-step fuzzy competition graphs. On the other hand, the concepts
of bipolar fuzzy competition graphs and intuitionistic fuzzy competition graphs are
discussed in [17, 13]. Samanta et al. [16] also introduced the concepts of fuzzy m-
step neighbouthood graphs. The notion of bipolar fuzzy graphs was first introduced
by Akram [1] in 2011 as a generalization of fuzzy graphs. On the other hand, Akram
and Shahzadi [4] first introduced the notion of neutrosophic soft graphs and gave its
applications. Akram [2] introduced the notion of single-valued neutrosophic planar
graphs. Akram and Sarwar have shown that there are some flaws in Broumi et al.
[8] ’s definition, which cannot be applied in network models. All the predator-prey
relations cannot only be represented by bipolar neutrosophic competition graphs.
For example, in a food web, species may have a chain consisting of same number of
preys by which they can reach to their common preys. This idea motivates the ne-
cessity of m-step bipolar neutrosophic competition graphs. In this research paper,
we first introduce the concept of p-competition bipolar neutrosophic graphs. We
then define generalization of bipolar neutrosophic competition graphs called m-step
bipolar neutrosophic competition graphs. Moreover, we present some related con-
cepts of bipolar neutrosophic graphs. Finally, we describe an application of m-step
bipolar neutrosophic competition graphs.
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2. CERTAIN BIPOLAR NEUTROSOPHIC COMPETITION (GRAPHS

Definition 2.1. [26, 27]A fuzzy set p in a universe X is a mapping p: X — [0, 1].
A fuzzy relation on X is a fuzzy set v in X x X.

Definition 2.2. [28]A bipolar fuzzy set on a non-empty set X has the form

A= {(, uh(@) p (@) : 2 € X}

where, 4 : X — [0,1] and g} : X — [~1,0] are mappings. The positive mem-
bership value pf(z) represents the strength of truth or satisfaction of an element
x to a certain property corresponding to bipolar fuzzy set A and M% (z) denotes
the strength of satisfaction of an element x to some counter property of bipolar
fuzzy set A. If pf(x) # 0 and ply (x) = 0 it is the situation when z has only truth
satisfaction degree for property A. If & (z) # 0 and p% (z) = 0, it is the case that
x is not satisfying the property of A but satisfying the counter property to A. It is
possible for = that p4 () # 0 and pfY (x) # 0 when z satisfies the property of A as
well as its counter property in some part of X.

Definition 2.3. [1]Let X be a non-empty set. A mapping B = (uh,ul) : X x
X —[0,1] x [~1,0] is a bipolar fuzzy relation on X such that b (zy) € [0,1] and
u (xy) € [-1,0] for z,y € X.

Definition 2.4. [1]A bipolar fuzzy graph on X is a pair G = (A, B) where A =
(k] plY) is a bipolar fuzzy set on X and B = (u5, uy) is a bipolar fuzzy relation
in X such that

pip(zy) < ph(x) A phi(y) and p (zy) > pl (2) Vvl (y) for all z,y € X.

Definition 2.5. [21]A neutrosophic set A on a non-empty set X is characterized by
a truth-membership fuction t4 : X — [0, 1], indeterminacy-membership function
ia : X — [0,1] and a falsity-membership function f4 : X — [0,1]. There is no
restriction on the sum of t4(x), ia(z) and fa(x) for all z € X.

Definition 2.6. [11]A bipolar neutrosophic set A on a non-empty set X is an object
of the form

A= (o5 @), 5(@), £5 (@), 83 (@), (@), Y (@) @ € X,
where tf, it} fP . X — [0,1] and ¢, i, f¥ : X — [-1,0]. The positive
values tf (), if;(z), f£(x) denote respectively the truth, indeterminacy and false-
memberships degrees of an element z € X, whereas, t) (z), i) (z), f4 (z) denote

the implicit counter property of the truth,indeterminacy and false-memberships
degrees of the element x € X corresponding to the bipolar neutrosophic set A.
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Definition 2.7. The height of bipolar neutrosophic set A = (t4(x),i% (z), £ (2),
t (z),iY (z), £ (x)) in universe of discourse X is defined as,

h‘(A) = (hl(A)v h2 (A)a h3 (A)7 h4(A)a h5 (A)v h6(A))

= (sup ti(az), sup ii(m), inf ff(m), sup ti( ), sup ’LA( ), inf ff(x)),
zeX reX zeX reX reX reX

for all z € X.

Definition 2.8. Let 8 be a bipolar neutrosophic digraph then bipolar neutrosophic
out-neighbourhoods of a vertex x is a bipolar neutrosophic set

N*(z) = (X} (P)Jr Z-:(EP)Jr QEP)+ tch)+ ich)J’ fa(:N)J’)

x ) xT ) ) 9 ) )

)

where,

X} = {y|Bf (,9) > 0, BY (2,) > 0, B (z,5) > 0, BY (z,) < 0, BY (2, <0,
B3 (z,y) < 0},

such that t;Pﬁ : X — [0,1], defined by tﬁ(pp) (y) = BY (x,y), (P) — [0,1],

defined by it" )+(y) = sz(l‘,y;, féPﬁ : X — [0,1], defined by f(P (y) =

B (z,y), & " : X;f — [-1,0], defined by ¢ N)+( ) = BN(x,y), ;N) D XF—

(1,0}, defined by i () = BN (g, £ - X 5 [~1, 0], defined by £ () =
B (z,y).

Definition 2.9. Let 8 be a bipolar neutrosophic digraph then bipolar neutrosophic
in-neighbourhoods of a vertex x is a bipolar neutrosophic set

N~ (@) = (Xg, 87 a8, g0l g,

x

where,

Xy = WIBf (5. 2) > 0, BY (y,) > 0, BY (y.2) > 0, B (y,2) < 0, BY (y,2) < 0,
Bi(y,z) < 0},

such that t(P) : X, — [0,1], defined by " (y) = BF (y, ), i X, —1[0,1],

defined by i’ ( ) = BY(y,x ), I : X — [0,1], defined by pri(y) =

B (o), 187 X — [-1,0), defined by 18 (y) = B (y,2), it : X —

[—1,0},deﬁnedbyi§;N)7( ) = BN (y,z), N : X, — [-1,0], defined by f(N) (y) =
B (y,x

Definition 2.10. A bipolar neutrosophic competition graph of a bipolar neutro-
sophic graph 8 = (A, ﬁ) is an undirected bipolar neutrosophic graph C(ES =
(A, R) which has the same vertex set as in 8 and there is an edge between two
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vertices x and y if and only if N (z) N N (y) is non-empty. The positive truth-
membership, indeterminacy-membership, falsity-membership and negative truth-
membership, indeterminacy-membership, falsity-membership values of the edge
(z,y) are defined as,

(1) th(z,y) = (ty(@) At ()N F (@) NN (),

(2) if (2, y) = (i (x) A () ha(NF (2) NN (1),

(3) fg(@y) = (£4(x) V FA)hsN* (2) NN (y)),

(4) 5 (2. y) = (t3 (2) VEY () ha(NH (2) NN (y)),

(5) iR (x,y) = (i (¥) Vil (9))hs VT (2) "N F (1),

6) fR (z.y) = (f3 (@) A FE @)heNF(2) NN F(y)), forall z,y € X.

Example 2.11. Consider 8 = (A, B) is a bipolar single-valued neutrosophic di-
graph, such that, X = {a,b,c,d}, A = {(a, 0.3, 0.8, 0.2, —0.5, —0.2, —0.1), (b,
0.8, 0.3, 0.1, —0.5, —0.4, —0.2), (¢,0.4,0.5,0.6,—0.2,—0.3,—0.5), (d, 0.7, 0.3, 0.4,
~0.2,-0.3,-0.5)}, and B = {((a,b), 0.2, 0.1, 0.1, —0.4, —0.1, —0.2), ((a,c), 0.3,
0.5, 0.6, —0.2,-0.2,—0.1), ((b,d),0.6,0.2,0.2,—0.1, 0.2, —0.3), (d.¢), 0.2, 0.2,
0.2,-0.2,—-0.3,—0.5)} as shown in Fig. 1.

=
" (0.2,0.1,0.1,—0.4, —0.1, —0.2)
3

h (0.3,0.5,0.6, —0.2, —0.2, —0.1) N

(0.6,0.2,0.2,—-0.1,—0.2, —0.3)

(0.2.0.2,0.2,—-0.2,—-0.3, -0.5)

Do
5.0

\\}

2.5 "
0.5 RSN

FIGURE 1. Bipolar single-valued neutrosophic digraph

By direct calculations we have Table 1 representing bipolar single-valued neu-
trosophic out-neighbourhoods.

TABLE 1. Bipolar single-valued neutrosophic out-neighbourhoods

N7 (x)

{(b, 0.2, 0.1, 0.1,-0.4,-0.1,-0.2), (c, 0.3, 0.5, 0.6,-0.2,-0.2,-0.1)}
{(d, 0.6, 0.2, 0.2,-0.1,-0.2,-0.3)}

0

{(c, 0.2, 0.2, 0.2,-0.2,-0.3,-0.5)}

00 o8
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Then bipolar single-valued neutrosophic competition graph of Fig. 1 is shown in
Fig. 2.

SO
N e
f/.,;/ A\

FIGURE 2. Bipolar single-valued neutrosophic competition graph

Definition 2.12. The support of a bipolar neutrosophic set A = (z, tf, i, f¥,
thY, i, ) in X is the subset of X defined by

supp(A) = {@ € X : t5(2) £ 0, iE (@) £ 0, fE(@) £ 1, t(2) £ —1, i (2) £ —1,
1Y (@) # 0}

and |supp(A)| is the number of elements in the set.

Example 2.13. The support of a bipolar neutrosophic set A = {(a, 0.5, 0.7, 0.2,
-0.8,-0.9, —0.3), (b, 0.1, 0.2, 1, —0.5, —0.7, —0.6), (¢, 0.3, 0.5, 0.3, —0.8, —0.6,
-04), (d, 0, 0, 1, =1, =1, 0)} in X = {a, b, ¢, d} is supp(A) = {a,b,c} and
[supp(A)| = 3.

We now discuss p-competition bipolar neutrosophic graphs.

Definition 2.14. Let p be a positive integer. Then p-competition bipolar neu-
trosophic graph CP (8) of the bipolar neutrosophic digraph = (A, B) is an
undirected bipolar neutrosophic graph G = (A, B) which has same bipolar neu-
trosophic set of vertices as in G and has a bipolar neutrosophic edge between two
vertices x, y € X in cp(a) if and only if [supp(NT(z) NNt (y))| > p. The posi-
tive truth-membership value of edge (x, y) in CP(G) is t5(z, y) = %[tf{(m) A
th (y)]h (N T (z) N N*(y)), the positive indeterminacy-membership value of edge
(z, y) in CP(G) is i5(x, y) = LR (@) A iR (y)|hae (N (2) NN (y)), positive
falsity-membership value of edge (z, y) in Cp(a) is fE(x, y) = EREL[fP(2) v

%

IR ()hs(NT(z) N N (y)), the negative truth-membership value of edge (z, y)
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in cp(a) is t¥(z, y) = (i_fﬁ[t%(x) VY (y)|ha(N T (z) N N (y)), the negative
indeterminacy-membership value of edge (z, y) in C?(G) is i (z, y) = %[z%(m)\/
i%(%ﬂm(]\/’*(m) N N*t(y)), negative falsity-membership value of edge (z, y) in
cr(G) is fY(w, y) = SRR @) A Y @)lheWF () 0 N (y)), where i =
[supp(N'" () NN (y))].

The 3—competition bipolar neutrosophic graph is illustrated by the following ex-
ample.

Example 2.15. Consider 8 = (4, g) is a bipolar neutrosophic digraph, such
that, X = {«, vy, 2, a, b, ¢}, A = {(z, 0.7, 0.8, 0.5, —0.5, —0.6, —0.7), (y, 0.6,
0.7, 0.5, —0.3, —0.2, —0.7), (=, 0.6, 0.7, 0.3, —0.2, —0.3, —0.4), (a, 0.5, 0.6, 0.7,
—0.5, —0.6, —0.8), (b, 0.5, 0.6, 0.7, —0.9, —0.8, —0.7), (¢, 0.5, 0.6, 0.3, —0.1, —0.2,

—0.4)}, and B = {((z,a),0.3, 0.4, 0.6, 0.4, —0.5, —0.7), ((, b}, 0.4, 0.5, 0.4, —0.4,
0.5, —0.5), ((z,¢),0.4, 0.5, 0.4, —0.1, —0.1, —0.6), ((y, a),0.4, 0.5, 0.6, —0.2, —0.2,
—0.6), (4,6, 0.4, 0.4, 0.6, —0.2, —0.2, —0.6), (¢}, 0.4, 0.5, 0.4, —0.1, 0.2, —0.3),
(,0),0.4, 0.5, 0.3, —0.1, —0.2, —0.6), ((z,¢),0.4, 0.5, 0.2, —0.1, —0.2, —0.3)}, as
shown in Fig. 3. Then N (z) = {(a, 0.3, 0.4, 0.6, —0.4, —0.5, —0.7), (b, 0.4, 0.5,
0.4, —0.4, —0.5, —0.5), (c, 0.4, 0.5, 0.4, —0.1, —0.1, —0.6)}, N (y) = {(a, 0.4, 0.5,
0.6, 0.2, —0.2, —0.6), (b, 0.4, 0.4, 0.6, —0.2, —0.2, —0.6), (c, 0.4, 0.5, 0.4, 0.1,
—0.2, —0.3)}, N (2) = {(b, 0.4, 0.5, 0.3, —0.1, —0.2, —0.6), (c, 0.4, 0.5, 0.2, —0.1,
—0.2, —0.3)}. So, N*(z) NN*(y) = {(a, 0.3, 0.4, 0.6, 0.2, —0.2, —0.7), (b, 0.4,
0.4, 0.6, —0.2, 0.2, —0.6), (c, 0.4, 0.5, 0.4, —0.1, —0.1, —0.6)}.

a(0.5,0.6,0.7, =0.5, 0.6, —=0.8) 5(0.5,0.6,0.7, -0.9, -0.8, =0.7) ¢(0.5,0.6,0.3, 0.1, -0.2, -0.4)

Z0—"90F0F0)

C0—F'0—"90F70°€0)
(90—"z0

(VA
(£0—"20—"1T0—"20°'¢070)

2(0.7,0.8,0.5, 0.5, 0.6, —0.7) (0.6,0.7,0.5,-0.3, -0.2, -0.7) 2(0.6,0.7,0.3,-0.2, -0.3, =0.4)

Ficure 3. Bipolar neutrosophic digraph
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Now i = [supp(N*t(2) NN *(y))| = 3. For p = 3, th(z, y) = 0.08, i5(x,

y) = 0.1166, fL(x, y) = 0.066, t}y(x, y) = —0.04, i (x, y) = —0.033, and f5 (z,
y) = —0.0933. As shown in Fig. 4.

a(0.5,0.6,0.7, —0.5,-0.6, —0.8) 5(0.5.0.6,0.7.—0.9, 0.8, —0.7) ¢(0.5.0.6.0.3.~0.1, —0.2. —0.4)

(0.08,0.1166, 0.066, —0.04, —0.033, —0.09933)

(0.7,0.8,0.5, —0.5, —0.6, —0.7) y(0.6,0.7,0.5,-0.3, —0.2, —0.7) 2(0.6,0.7,0.3,-0.2, 0.3, -0.4)

FIGURE 4. 3—competition bipolar neutrosophic graph

Theorem 2.16. Let 8 = (4, 3) be a bipolar neutrosophic digraph. If
hNT(@) AN T (y) =1, he W (2) NN (y) =1, hs(NT(2) "N (y)) =
haNF (@) NN () =1, hsN T (@) NN (y)) =1, he(N T (2) NN (y)) =0,

in C[%}(a), then the edge (x,y) is strong, where i = |supp(N 1 (z) NN T (y))|. (Note
that for any real number z, [x]=greatest integer not exceeding z.)

)

PROOF. Suppose 8 = (A, ﬁ) is a bipolar neutrosophic digraph. Let the cor-
responding [%]-bipolar neutrosophic competition graph be C[%}(a), where i =
|supp(NT(z) "Nt (y))|. Also, assume that

hMNT @) ONF () =1, W (@) NNT(y) =1, N (z)nNT(y)) =0,
haNT (@) ONF () =1, sV (2) NN T(y)) =1, he(N T (z) NNT(y)) =0
for all x, y € X. Now,

i) = T L) n e < 1) = T vy v
By = T i i) < i = T i v i) <,
e = e v 0, 3 ) = CEE v 4y ) <o
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This gives the result,

thx,y)  (—[3)+1 tN(,y) (G- [3)+1
RO A R L O R R

Ly G-[E)+1 Ny  G-[E)+1
E A k@ i 0 Wovikw] i Y
OO R O

Hence, the edge (z,y) is strong. This proves the result.

We now define another extension of bipolar neutrosophic competition graph known
as m-step bipolar neutrosophic competition graph.
In this paper, we will use the following notations:
Pz, A bipolar neutrosophic path of length m from z to y.
oy A directed bipolar neutrosophic path of length m from x to y.
N (x): m-step bipolar neutrosophic out-neighbourhood of vertex z.
N, (z): m-step bipolar neutrosophic in-neighbourhood of vertex z.
N (z): m-step bipolar neutrosophic neighbourhood of vertex z.
N (G): m-step bipolar neutrosophic neighbourhood graph of the bipolar neutro-
sophic graph G.
Cim(G): m-step bipolar neutrosophic competition graph of the bipolar neutrosophic
digraph G'.

Definition 2.17. Suppose 8 = (4, ﬁ) is a bipolar neutrosophic digraph. The m-
step bipolar neutrosophic digraph of 8 is denoted by 8m = (4, B), where bipolar
neutrosophic set of vertices of 8 is same with bipolar neutrosophic set of vertices
of G, and has an edge between = and y in G, if and only if there exists a bipolar
neutrosophic directed path P73, in

Definition 2.18. The bipolar neutrosophic m-step out-neighbourhood of vertex x
of a bipolar neutrosophic digraph G = (A, B) is bipolar neutrosophic set

Nt (z) = (X3, (807 il f D7 (DT 0T DT here
X = {y| there exists a directed bipolar neutrosophic path of length m from z
toy, P 807 x50, 1], A0 xF oo, 1], 207 xF 5 (o, 1]
M x0T X o 1 0), £ X s (-1, 0] are defined by
tg(L-P)Jr = min{t? (21, z2), (1, 72) is an edge of ?;" 1, i;P)Jr = min{if (21, z2), (71,
x2) is an edge of B?y}, féP)Jr = max{f"(z1, mQ;, (x1, ®2) is an edge of ?;"y},
ch)Jr = max{t’ (z1, xgi, (21, 22) is an edge of ?;"y}, i;(cN)+ = max{i" (21, s,
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(z1, z2) is an edge of ?;”y}, f;Nﬁ = min{ N (21, z2 ;, (1, z2) is an edge of ?Z’y},

respectively.

Example 2.19. Consider 8 = (4, ﬁ) is a bipolar neutrosophic digraph, such that
X ={=z, y, a, b, ¢, d}, as shown in Fig. 5. Then, 2-step out-neighbourhood of ver-
tices , and y is calculated as, N3 (x) = {(b,0.2,0.2,0.5, -0.2, —0.3, —0.3), (d, 0.2,
0.2,0.5,-0.2,-0.3,-0.3)}, N3 (y) = {(b,0.1, 0.3,0.2, —0.2, —0.3, —0.6), (d, 0.3, 0.5,
0.6,—0.2,—-0.3,—0.5)}.

2(0.5,0.2,0.7,-0.5, —0.3, =0.2) a(0.4,0.3,0.5,-0.3, -0.7. —0.8)

(0.2,0.2,0.5,-0.3, —0.3, —0.3)

. d(0.5.0.6,0.7, —0.6, —0.7, —0.2) .

5(0.2,0.4,0.3, —0.7, —0.6, —0.3)
N

Q
(0.3,0.5,0.2,-0.3,-0.4,-04) &

¥(0.4,0.6,0.7, —0.3, —0.4, =0.5) ¢(0.7,0.6,0.2, —0.3, 0.4, —0.7)

FiGURE 5. Bipolar neutrosophic digraph

Definition 2.20. The bipolar neutrosophic m-step in-neighbourhood of vertex = of
a bipolar neutrosophic digraph G' = (A, B) is bipolar neutrosophic set

Ny () = (X 2 igcp)i,fzgp)i, &N)f,z’&N)f, ;N)i), where

x )

X, = {y| there exists a directed bipolar neutrosophic path of length m from y

tox, Py #  xs o 0,1, i s xo oo, 1), £ xs 5 (o, 1]
M xs s =10, i) Xs o =10, £ X2 = [—1, 0] are defined by
- min{tf (z1, x3), (x1, 72) is an edge of Bymx}, i = min{if (z1, z3), (z1,

x2) is an edge of Byml,}, P = max{fF(z1, x2), (x1, x2) is an edge of BZ’I},

S max{t" (z1, z2), (z1, z2) is an edge of BL’LQK}, i = max{i™ (zy, T2),

(21, x2) is an edge of Buma:L N7 2 min{ fV (x1, x2), (71, z2) is an edge of B;"I},
respectively.

Example 2.21. Consider 8 = (4, ﬁ) is a bipolar neutrosophic digraph, such
that, X = {a, b, ¢, d, e, f}, as shown in Fig. 6. Then, 2-step in-neighbourhood of
vertices a, and b is calculated as, N3 (a) = {(f, 0.1, 0.1, 0.5, —0.1, —0.2, —0.6), (e,
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0.3,0.1, 0.7, —0.1, —0.2, —0.4)}, N5 (b) = {(f, 0.1, 0.3, 0.6, —0.3, —0.4, —0.7), (e,
0.4, 0.3, 0.6, —0.3, —0.4, —0.5)}.

b(0.5,0.4,0.6, —0.4, —0.5, —0.6) d(0.6,0.7.0.8, —0.5, —0.6, —0.8)

(0.4,0.3,0.6, —0.3, —0.4, —=0.5)

(0.5,0.1,0.5, 0.1, -0.2, —0.4)

a(0.6.0.7.0.8, —0.2, —0.3. —0.6) ¢(0.8,0.2,0.7, —0.8, =0.6, —0.5)

FI1GURE 6. Bipolar neutrosophic digraph

Definition 2.22. Suppose 8 = (4, ﬁ) is a bipolar neutrosophic digraph. The
m-step bipolar neutrosophic competition graph of bipolar neutrosophic digraph
is denoted by Cp,(G) = (A, B) which has same bipolar neutrosophic set of ver-
tices as in and has an edge between two vertices z, y € X in cm(ﬁ) if and
only if (Nf(xz) N Nt (y)) is a non-empty bipolar neutrosophic set in G. The
positive truth-membership value of edge (z, y) in Cm(a) is th(x, y) = [th(z) A
th (2)]h1 (N () NNGE (), the positive indeterminacy-membership value of edge (z,
y) in cm(é) is i5(z, y) = [if (z) A zi(%]hg(./\f;g(x) NN (y)), the positive falsity-
Vis £5 (. y) = I @)V £5 ()N ()N
N;F(y)), the negative truth-membership value of edge (x, y) in C,(G) is t§(z,
y) = [t (z) V ) (2)]ha (N () NN (y)), the negative indeterminacy-membership
value of edge (z, y) in Crn(G) is i (z, y) = [N (2) Vi ]hs Wi (2) N NGE (),
the negative falsity-membership value of edge (z, y) in Cpn(G) is f5(z, y) =
LFA (@) A SR ()] he (NG () VNG ().

membership value of edge (x, y) in C,, (

The 2—step bipolar neutrosophic competition graph is illustrated by the following
example.

Example 2.23. Consider 8 = (4, ﬁ) is a bipolar neutrosophic digraph, such
that X = {x, v, a, b, ¢, d}, as shown in Fig. 7. Then, N5 (z) = {(b, 0.2, 0.2, 0.5,
—0.2, 0.3, —0.3), (d, 0.2, 0.2, 0.5, —0.2, —0.3, —0.3)}, N5 (y) = {(b, 0.1, 0.3, 0.2,
—0.2, —0.3,-0.6), (d,0.3, 0.5, 0.6, —0.2,—0.3,—0.5) }, there non-empty intersection
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2(0.5,0.2,0.7, -0.5, =0.3, =0.2)

a(0.4,0.3,0.5,-0.3, —0.7, =0.8)

(0.2,0.2,0.5, -0.3, =0.3, =0.3)

(0.3,0.5,0.2, 0.3, —0.4, —0.4)

y(0.4,0.6,0.7,-0.3, —=0.4, —0.5) ¢(0.7.0.6.0.2, 0.3, —0.4, —0.7)

Ficure 7. Bipolar neutrosophic digraph
is calculated as N, (z) N N5 (y) = {(b, 0.1, 0.2, 0.5, —0.2, —0.3, —0.6), (d,0.2, 0.2,

0.6,—0.2,—0.3, —0.5)}.

Thus, t5(z, y) = 0.08, ib(x, y) = 0.04, f£(x, y) = 0.35, ¥ (z, y) = —0.06,
i¥(z, y) = —0.06, and f5(x, y) = —0.25. Then its corresponding 2-step bipolar
neutrosophic competition graph is shown in Fig. 8.

2(05.0.2,0.7.—0.5.~0.3, —0.2) a(0.4,0.3,0.5,—0.3,—0.7, —0.8)

5(0.2,0.4,0.3,-0.7,-0.6,-0.3) @ [ ]

d(0.5,0.6,0.7,-0.6, —0.7, -0.2)

(¢z'0—"90"0—"90'0— “Ge0 7070 '80°0)

¥(0.4,0.6,0.7, 0.3, —0.4, -0.5) ¢(0.7,0.6,0.2, 0.3, 0.4, —0.7)

FIGURE 8. 2-step bipolar neutrosophic competition graph

If a predator = attacks one prey y, then the linkage is shown by an edge (x,y;
in a bipolar neutrosophic digraph. But, if predator needs help of many other
mediators x1, x2, ...T;,m_1, then linkage among them is shown by bipolar neu-

trosophic directed path P73’ in a bipolar neutrosophic digraph. So, m-step prey

in a bipolar neutrosophic digraph is represented by a vertex which is the m-step
out-neighbourhood of some vertices. Now, the strength of a bipolar neutrosophic
competition graphs is defined below.
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Definition 2.24. Let 8 = (A4, ﬁ) be a bipolar neutrosophic digraph. Let
w be a common vertex of m-step out-neighbourhoods of vertices z1, za,..., .

Also, let By (u1,v1), Bj (u2,v2),..., Bi (u;,v;) be the minimum positive truth-
membership values, Bj (u1,v1), Bg (u2,v2),..., By (u,v;) be the minimum positive
indeterminacy-membership values, B3 (u1,v1), B3 (u2,v2),..., Bj (ul,%be the
maximum positive false-membership values, Bi¥ (uy,vy), B (ug, va),. .., BN (ug,v;)
be the maximum negative truth-membership values, B3 (ug,v1), Bév(uQ,vg),. .

B3 (ug, ;) be the maximum negative indeterminacy-membership values, B3' (u1,v1),

Bj3' (ug,v2),..., B3 (u;,v;) be the minimum negative false-membership values, of
edges of the paths ?m wr P ws -+ Py w» respectively. The m-step prey w € X

is strong prey if
B?(Ui,’l}i) > 0.5, B?(Ui,’l}i) > 0.5, B?(ui,vi) < 0.5,

—
B—{\;(ui,vi) < 0.5, BY(us,v;) <0.5, B—é\/z(ui,v,») <05, foralli=1,2,...,1.

The strength of the prey w can be measured by the mapping S : X — [0,1], such
that:
1

l l
S(w {231 sy vn)] + S (B (a0 + DB ()]

=1

l l
S ()] - B (s - B <uz-,vi>1}.

=1 =1 =1

Example 2.25. Consider bipolar neutrosophic digraph 8 = (4, 3) as shown in
Fig. 7, the strength of the prey b is equal to
[0.2+0.2] +[0.24 0.3] +[0.54+ 0.3] — [-0.3 — 0.2] — [-0.3 — 0.5] — [-0.3 — 0.2]

=175
2

> 0.5.

Hence, b is strong 2-step prey.

Theorem 2.26. If a prey w of 8 = (4, ﬁ) is strong, then the strength of w,
S(w) > 0.5.

PROOF. Let 8 = (4, §) be a bipolar neutrosophic digraph. Let w be a com-
mon vertex of m-step out-neighbourhoods of vertices z1, xs,..., x;, i.e., there ex-

ists the paths B“ w> 3212 W - ? inG. Also, let B?(ul,vl) By (ug,v2),. .
B?(ul, v;) be the minimum positive truth-membership values, B?(ul,vl), ?{(ug,vg),

T, w?

.+, B3 (uy,v;) be the minimum positive indeterminacy-membership values, B3 (u1,

v1), Bz (ug, v2),..., B3 (u;, v;) be the maximum positive false-membership values,
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By (u1, v1), By (u2,v2),. .., By (u1,v;) be the maximum negative truth-membership
values, BY (uy,v1), BY (u2,v2),. .., BY (u;, v;) be the maximum negative indeterminacy-

membership values, BY (uy,v1), BY (u2,v2),..., B2 (u;,v;) be the minimum neg-

m m m

ative false-membership values, of edges of the paths P ., Pyl ..., P ,,

spectively.
If w is strong, each edge (u;, v;), i = 1,2,...,1 is strong. So,

re-

B?(uivvi) > 057 B?(U“UZ) > 057 B?(uiavi) < 05a
—
BN (wi,01) < 05, BY (us,0) < 0.5, B (s, v1) < 0.5, for all i = 1,2,... 1
Now,

. . Lt .
S(w)>05+05+ (l Zmes)+05>0.5.

This proves the result.

Remark: The converse of the above theorem is not true, i.e. if S(w) > 0.5,
then all preys may not be strong. This can be explained as:
Let S(w) > 0.5 for a prey w in 8 So,

Hence,

l
{Z P uss) + S 1B o] S B o)

=1 =1 i=1
l l 1
—> — l
— BN (ug,v;)] B (ug,v;)] BY Ui, Vs > —.
S ] - 31 ) - Y1 >]} 2

This result does not necessarily imply that
B?(ui,vi) > 0.5, B?(ui,vi) > 0.5, B?(ui,vi) < 0.5,
— —
B—{V>(ui,vi) < 0.5, Bév(uz, Ui) < 0.5, Bév(ui, Ui) < 0.5, for all 4 = 1,2,..., l.

Since, all edges of the directed paths 3 Bm Bm

T ws Playawse - Py » are not strong. So,

the converse of the above statement is not true i.e., if S(w) > 0.5, the prey w of
may not be strong.
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Theorem 2.27. If all preys of G = (A, ?) are strong, then all edges of Cm(a)

(A, B) are strong.

15

PROOF. Let 8 = (4, §) be a bipolar neutrosophic digraph and all preys of it are
strong. Let cm(ﬁ) = (A, B), where,

tg(@,y) = [th(x) Ath () (N (2) NN (),

iz, y) = [i4 (@) A (y)]ha(Noy (2) DN (),

F5 (@, y) =[5 (@) Vv X ()ha (N () NG (1),

ty (2,y) = [t4 () V5 (2)]ha (N (2) NNGE (),

i (2,y) = [ (x) Vi) (9)]hs (Vo (2) DN (),

I8 (z,y) =

(

Case 1.: Let Nf (2) NN,

m
between z and y in C, (

e

) be null set. Then there does not exits any edge

Case 2.: Let N, (z) N N, (y) be non-empty. Now, clearly

hi (NG (2) NN () > 0.5,
ha(NE(2) NNE(y)) < 0.5,

ha (N} (z) N NGE(y)) > 0.5,
hs (N

N (@) NN () < 0.5,

hs(N, () NG () < 0.5,
he (N, () NN () < 0.5,

in 8 as all preys are strong. So, the edge (z, y), z, y € X in cm(ﬁ) have

the memberships values

th(a,y) = [th(x) A NV (@) NN (),
ip(z,y) = [ik(2) Nk )]ha N (@) NN (1)),
5 (x,y) =[5 (@) v f5 @)lhs (N (2) NN (1),
t (2,) = [tA (2) V 3 ()] ha (N (2) N NE (),
i (z,y) = [i} () Vi (1)]hs (N (2) "N (),
5 (@,y) = [fX (@) A F @)he (NG (2) NN (),

and hence, all the edges

are strong.

A relation is established between m-step bipolar neutrosophic competition graph
of a bipolar neutrosophic digraph and bipolar neutrosophic competition graph of
m-step bipolar neutrosophic digraph.

—
Theorem 2.28. If 8 is a bipolar neutrosophic digraph and G,, is the m-step
bipolar neutrosophic digraph of 8, then C(am) =Cn(G).

PROOF. Let 8 = (4, B) be a bipolar neutrosophic digraph and G—m> = (A,7)
is the m-step bipolar neutrosophic digraph of 8 Also, let C(am) = (A,J) and

Cn(G

) = (A, B). It can be easily observed that bipolar neutrosophic vertex sets

of these graphs are same. So, we have to show that the bipolar neutrosophic edge



16 M. AKRAM AND M. NASIR

sets of C(am) and Cm(a) are equal.

Let (x,y) be an edge in C(Bm). So, there exists bipolar neutrosophic directed

edges (z, alj, (y, alj; (x, agﬁ, (y, a2§;. ci(x, alj, (y, alj, for some positive integer [ in

m- Now, in G,

N+($)ON’+(y) = {(al)SZP’qlP’TZP’S’fV)qZIV)T'iV)li: 1)27"')l}7

where,
sZP = 7(1‘,&1) A 7(y,a1), sfv = 7(1’,(11) V 7(y,al),
q; 27(1:,% /\7(y,az), qy :7(33,% \/7(y,az),
rf=7($,al \/7(y,al), rN :7(3:,@1 /\7(y,az)
Let
ST =max{s'li=1,2,...,1}, SN =min{sMN|i=1,2,...,1},
QF =max{¢’i=1,2,...,1}, QN =min{¢"|i=1,2,...,1},
RP =min{rl)i=1,2,...,1}, RN =max{rN|i=1,2,...,1}.
Hence,
th (2, y) = (¢4 () AL )N T (2) NN T (y) = ST x th(z) At (y),
il (2,y) = (% (2) Nl (y)ha (N (2) "N F(y)) = QT x ifi(x) Niki(y),
17 (@, y) = (F5 @)V 5 () hsN* (@) AN T (y) = BT x f5 (2) v f5 (y),
th (z,y) = (4 (2) VY () haWN T () "N F () = SN x ] () V ) (),
i (2,y) = (i) (2) Vi) (9)hs (N (2) NN T () = QY x i (z) Vi) (v),
£ (@, y) = (FA (@) A FY @)he(NT (@) "N () = RY x £ (2) A £E (y).

An edge (z, ai; exists in Bm that implies there exists a bipolar neutrosophic di-

rected path from z to a; of length m, 3;”(1 in 3 and

|(u,v) is an edge in??ai},
|(u,v) is an edge in?ﬂaih
= max{ﬁg(u,vﬂ(u,v) is an edge in?ﬁai},
u,v) is an edge inB;’fai},
u,v) is an edge inBZﬁai},

T, a;) = min{ﬁév(u, v)|(u,v) is an edge mBZLa}
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Thus, the edge (z,y) is also available in Cp, (8) Also,
ha(No (@) ONE (1) = 87, ha(N (2) NN (y) = S7,
ha(Noi (2) NN () = QF, hs(NG (@) NNGE(y) = QY,
ha(No (2) VN (9)) = BT, he(No (2) NN () = RY,
in 8 Hence, finally

tp(x,y) = [th(z) At ()N () NN (y) = ST x (@) At (2),
i, y) = [i%h (@) A il ()N (@) NN (1) = QT x iy () Ak (y),

F5 (@,y) = [f4 (@) V fA @)]hs(Nf (2) "N (y) = RY < 1 (=) v A (y),
ti (z,y) = [t (2) V1) (2)]ha N () NN (y) = SN x ) () v £ (2),
i (z,y) = [ (2) Vi) (0)hs (N (2) NN () = QY x ilf () v il (v),
I8 (@,y) = [FY (@) A X ()]he (N (@) NN (1) = RY x 4 () A FA (1)

This proves that there exists an edge in C,, (8) for every edge in C (8m) Similarly,
for every edge in Cm(a) there exists an edge in C(am). This proves that C(am) =

Cn( Q).

Theorem 2.29. Let 8 = (4, g) be a bipolar neutrosophic digraph. If m > |X|
then Cm(é) = (A, B) has no edge.

PROOF. Let G = (A, B) be a bipolar neutrosophic digraph and Cm(a) = (A, B)
be the corresponding m-step bipolar neutrosophic competition graph, where,

th(x,y) = [th(2) Ath ()] (N () NN (),
ip(a,y) = [ih(2) A ()]ha (W (@) NN (1),
5 (x,y) =[5 (@) v f5 W)lhs (N (2) N N (),
th (2, y) = [tX (@) V ] ()] ha(NF (2) NN (),
i (2,y) = [i3 () Vi ()] hs (NG (2) NN (),
5 (@) = [FX () A FX )]he N (2) NN (),

for all edges (z,y) in cm(ﬁ).

If m > |X|, there does not exist any directed bipolar neutrosophic path of length
m in 88 So, N} (x) NN} (y) ia an empty set. Hence, there does not exist any edge
in Cpn(G).

Now, m-step bipolar neutrosophic neighbouhood graphs are defines below.

Definition 2.30. The bipolar neutrosophic m-step out-neighbourhood of vertex x
of a bipolar neutrosophic digraph 8 = (4, ﬁ) is bipolar neutrosophic set
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N (2) = (Xp, t2, 8 fP 4N 4N fN) where

xy g s g s zo tx

X, = {y| there exists a directed bipolar neutrosophlc path of 1ength m from z to

y, Pl s Xo = [0, 1], - X — [0, 1], fF: Xo — [0, 1), 8 - X — [,
0, i : X, — [-1, 0], £V : X, " [—1, 0], are deﬁned by tf = min{tf (4,
x2), (x1, x2) is an edge of P}, if = min{i” (1, x2), (:1:1, x9) is an edge of
Pt P = max{fF (z1, o), (:171, xg) is an edge of P, }, t;} = = max{tV (21, 72),

(21, x2) is an edge of P}, il = max{i" (z1, z2), (xl, xg) is an edge of P;" 1,
S =min{ fN (21, x2), (21, T2) is an edge of P}, }, respectively.

Definition 2.31. Suppose G = (A, B) is a bipolar neutrosophic graph. Then
m-step bipolar neutrosophic neighbouhood graph Ny, (G) is defined by N, (G) = (A,
B) where A = (AT, A}, AL, AY, AY, AY), B = (Bf, BY, Bf, BY, BY, BY),
BF : XxX —[0,1), BY : XxX = [0,1], BY : XxX = [0,1], BN : XxX — [
0, BY : X x X = [~1, 0], and BY : X x X — [—1,0] are such that:

BY (z,y) = AT (z) A AT (1)h1 (Nin (2) N Nin (1)),
BY (z,y) = A (z) A A3 (1) ha(Nin(2) N Nin (1)),
BY (x,y) = Af (x) V AY () hs(Nom () N N (1)),
BY (z,y) = AY (z) V AY () ha(Nom () O Non (1)),
BY (z,y) = AY (z) V AY (y)hs(Nom(2) N Non (1)),
By (z,y) = AY (2) A AY () he(Nom () N Non(y)),  respectively.

Definition 2.32. [? }Consider a bipolar neutrosophic graph G = (A, B), where
edge (z,y), z, y € X is called mdependent strong if

1 1

LA () A AP )] < Bf (e). LAY () v AY )] > BY (2.)

1 1

LA () A AD ()] < B (e). L1AY() v AY ()] > B (2.)

1 1

APV AL > B (e). L1AY(@) A AY )] < BY (2.

Otherwise, it is called weak.

Theorem 2.33. If all the edges of bipolar neutrosophic digraph 8 = (4, ﬁ) are
independent strong, then all the edges of cm(ﬁ) are independent strong.

PROOF. Suppose 8 = (4, g) is a bipolar neutrosophic digraph and cm(é) = (4,
B) is corresponding m-step bipolar neutrosophic competition graph. Since all the
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edges of 8 are independent strong, then
hi(NG (@) NN (y) > 0.5, ha(NG () NN () > 0.5, ha(N (w) NN (2)) < 0.5,
ha(No (2) VNG () < 0.5, hs(NVo () NN (y) < 0.5, he(Ny, (w) NN (2)) < 0.5.

Then,
th(2,y) = (th(x) AL () (N (@) NN (y)) or, th(w,y) > 0.5(t (z) A th(y)) or,

)

P

TR > 05, if(,y) = (5@) AW @) N NEW) or, i@y >
(

0.5(i5 () A5 () or, BB > 05, 15 (e.y) = (F5(@) v FL()hs(W;h (@) N
N ) o, fE(e.y) < 05(f5(@) v [E(y) or, BB < 05, th(z,y) =
(N (2)VEY () ha (NG (2) WG () or, ¢ (2, ) < 0.5(EY (z)VEY (y)) or, %

(@)Vtd (1)
0.5, i (w,y) = (iY () Vi (y)hs Ny (@) N N (y)) or, iy (z,y) < 0.5 (2) v

) or, BB < 05, 13(5.9) = (FY(0) A LY (W)haNih () NN () or
f8 (@, y) < 0.5(f5 (2) A fH () or, % <0.5.

Hence, the edge (x, y) is independent strong in cm(@. Since, (z, y) is taken to
)

be arbitrary edge of cm(8)7 thus all the edges of C,,,(G) are independent strong.

3. APPLICATION

Sports are very important, every society has its own special kinds of sports. The
proper end of sports is bodily health arid physical fitness. Sports and games have
now come to stay in our civilization as an essential feature of human activity, and
their object is not merely fun, they also instill the sprit of discipline and team-
work. Sports like cricket, hockey and foot ball are popular because of the sprit of
team work which they inspire. This no doubt true. The discipline that gained in
playing up sports is invaluable in later life. It makes for a life of co-operation and
team work which could be used for building up a great society and a nation. Key
components of sports are goals, rules, challenge, and interaction. Sports generally
involve mental or physical stimulation, and often both. Many sports help develop
practical skills, serve as a form of exercise, or otherwise perform an educational,
simulational, or psychological role etc. Many sports require special equipment and
dedicated playing fields, leading to the involvement of a community much larger
than the group of players. A city or town may set aside such resources for the
organization of sports leagues, like, tabletop games, board games, etc. All these
types of sports are called local sports. These sports can be extended to provisional
level sports. After provisional level sports there are national sports. A national
sport is a sport or game that is considered to be an intrinsic part of the culture of
a nation. Every nation has different sports, such as, baseball is known as national
sports in the United States, cricket is in England, and hockey is in Pakistan, etc.
After, national level of sports there are international level of sports. International
sport is a sport in which the participants represent different countries. The most
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well-known international sports event is the Olympic Games, FIFA World Cup and
the Paralympic Games.

Consider the set consisting of three countries {C},C2,C3} and also consider the
set of players {(Abigail, 0.9, 0.8, 0.5, —0.6, —0.5, —0.2), (Alex, 0.6, 0.3, 0.4, —0.2,
—0.4, —0.4),(Amelia, 0.8, 0.7, 0.2, —0.7, —0.8, —0.5), (Agatha, 0.9, 0.8, 0.5, —0.6,
—0.5, —0.2), (Angela, 0.9, 0.8, 0.5, —0.6, —0.5, —0.2), (Belinda, 0.9, 0.8, 0.5, —0.6,
—0.5, —0.2), (Ann, 0.5, 0.3, 0.5, —0.5, —0.3, —0.2), (Arlene, 0.8, 0.8, 0.9, —0.8,
—0.9, —0.8), (Bella, 0.6, 0.4, 0.9, —0.6, —0.7, —0.5), (Anne, 0.9, 0.7, 0.8, —0.8,
—0.8, —0.8), (April, 0.5, 0.3, 0.5, —0.5, —0.3, —0.2), (Abbey, 0.5, 0.3, 0.5, —0.5,
—0.3, —0.2)}, which are taking part in their local, provisional, national, and inter-
national level games, as shown in Fig. 9. The positive degree of membership ¢ (z)
of each player represent the percentage of hardwork towards to achieve the success
in particular game, i (z) and f¥(z) represent the indeterminacy and falsity in this
percentage. The negative degree of membership ¢V (z) represents the percentage
that the player faces failure in the achievement of success in a particular game,
iV (x) and fV(z) represent the indeterminacy and falsity in this percentage. The
positive degree of membership ¢ (z) of each directed edge between player and local,
provisional, national and international level games represent the percentage of hav-
ing stamina for that level of sports in international game, i’ (z) and f () represent
the indeterminacy and falsity in this percentage. The negative degree of member-
ship ¢V (z) of each directed edge between player and local, provisional, national and
international level games represent the percentage of having no stamina for that
level of sports in international game, iV (z) and fV(x) represent the indeterminacy
and falsity in this percentage.

Thus, 4-step bipolar neutrosophic competition graph can be used in order to find the
best results. There 4-step bipolar neutrosophic out-neighbourhoods is calculated
in Table 2.

TABLE 2. 4-Step bipolar neutrosophic out-neighbourhoods
reX [N (z)
Abigail | {(International games, 0.2, 0.2, 0.6, —0.1, —0.3, —0.4)}
Alex {(International games, 0.4, 0.2, 0.6, —0.1, —0.2, —0.7)}
Amelia | {(International games, 0.5, 0.5, 0.6, —0.2, —0.2, —0.8)}

Therefore, N (Abigail) NN, (Alex) = {(International games, 0.2, 0.2, 0.6, —0.1,
—0.2, —0.7)}, N (Abigail) NN (Amelia) = {(International games, 0.2, 0.2, 0.6,
—0.1, —0.2, —0.8)}, and N (Alex) N N (Amelia) = {(International games, 0.4,
0.2, 0.6, —0.1, —0.2, —0.8)}. Further, h(N;" (Abigail) NN, (Alex)) = (0.2, 0.2, 0.6,
0.2, 0.2, 0.6), h(N; (Abigail) N N} (Amelia)) = (0.2, 0.2, 0.6, 0.2, 0.2, 0.6), and
h(N; (Amelia) NN (Alex)) = (0.4, 0.2, 0.6, 0.4, 0.2, 0.6). Thus, we obtain 4-step
bipolar neutrosophic competition graph, as shown in Fig. 10.
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FicurE 9. Bipolar neutrosophic digraph

TABLE 3. Strength of competition of applicants for international games
(z,9) T(z,y) S(z,y)
(Abigail, Alex) | (0.12,0.06,0.30, —0.04, —0.08, —0.24) | 1.04
(Abigail, Amelia) | (0.16,0.14,0.30, —0.12, —0.10, —0.30) | 1
(Alex, Amelia) (0.24,0.06, 0.24, —0.08, —0.08, —0.30) | 1.24

The strength to compete the others players with respect hardwork in order to
achieve success is calculated in Table 3. In Table 3, T'(x, y) represents the value
of strength of competition between players x and y with respect to hardwork to



22 M. AKRAM AND M. NASIR

(0.12,0.06, 0.30, —0.04, —0.08, —-0.24)

Abigail
0.9,0.8,0.5, =0.6, —0.5, —0.2)

Angela
(0.9,0.8,0.5, -0.6, 0.5, =0.2)

Belinda

Agatha
(0.9,0.8,0.5,-0.6, -0.5,-0.2)

0.9,08,0.5,-0.6,-0.5,-0.2)

(0.24,0.06,0.24, —0.08, —0.08, —0.30)

(0.16,0.14,0.30, =0.12, =0.10, -0.30)

Local games in C

Local games in C'y
0.5,0.3,0.7, -0.5,-0.3,-0.2)

(0.5,0.6,0.7,-0.2, 0.5, -0.3)

Ann
(0.5,0.3,0.5,-0.5, —0.3, 0.2,

Bella
(0.6,0.4,0.9, 0.6, 0.7, —0.

5)

Provisional games in C'y
0.7.0.3,04, -0.4, -0.6, -0.6)

Provisional games in C'y
(0.6,0.7,0.8,-0.7,-0.6, -0.5)

Abbey
(05.03,05,-0.5,-03, ~0.2)

April
(0.5.0.3,0.5,-0.5,-0.3, -, 2)

National games in 'y
(0.8,0.3,0.2,-0.4,-0.5,-0.8);

National games in C'y
(0.7,0.4,0.3,-0.2, -0.4, -0.3)

International games
(0.9,0.7,0.2,-0.3,-0.5, —0.6)

Amelia
(0.8,0.7,0.2, =0.7, -0.8, —0.5)

Local games in C'y
(0.7,0.6,0.5, 0.5, -0.4, -0.9)

Provisional games in C's
(0.7,0.8,0.9, -0.5,-0.3, —0.2)

National games in (s
(0.6,0.7,0.8,-0.3,-0.2,-0.9)

F1GURE 10. 4-Step bipolar neutrosophic competition graph

achieve the success in particular game. From Table 3, it is clear that the strength of
competition between Alex and Amelia to achieve the success in particular game in
international level is 1.24, while strength of competition between between Abigail
and Amelia is 1, and strength of competition between between Abigail and Alex is
1.04. It is also clear from the Table 3, that Alex and Amelia are strongest contes-
tants, as the strength of competition between them has the largest value than the

other contestants.

We now elaborate this method with the help of an algorithm.
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Algorithm

Step 1.: Input the positive truth, indeterminacy and falsity-memberships
values and negative truth, indeterminacy and falsity-memberships values
for set of r applicants.

Step 2.: If for any two distinct vertices x; and x;, t (z;2;) > 0, if (z;2;) > 0,
[P (zizy) > 0, tN (v25) <0, i (z52;) <0, fN(2iz;) <0, then

(2, t7 (i), i (o), f7 (wiwy) 4 (azy), i (ixy), SN (ixy)) € N ().

Step 3.: Repeat step 2 for all vertices x; and x; to calculate m-step bipolar
neutrosophic-out-neighbourhoods N, (x;).

Step 4.: Calculate N, (z;) NN} (z;) for each pair of distinct vertices z; and
Ij.

Step 5.: Calculate h[N,} (2;) NN ()]

Step 6.: If N (z;) NN} (z;) # 0 then draw an edge z;z;.

Step 7.: Repeat step 6 for all pair of distinct vertices.

Step 8.: Assign membership values to each edge x;x; using the conditions

P (@iw;) = (s A ay)ha NG () NN ()] N (i) = (25 V @) NG (20) NG ()]
i (wimy) = (2 A wy)ho N () DN ()] N (i) = (20 V @) hs [N () NN ()]
FP (i) = (2 V 2y ha [N (@) DN ()] Y (i) = (@3 A ) ha NG () NG ()]

Step 10.: Calculate S(z,y), the strength of competition between players x
and y.

S(x,y) =t (2, y) = (F(z, y) + [P 2, y) + 1+t (2, y) - (N (a,
y)+ (@, ).
Step 11.: Maximum value of S(z,y) gives that = and y are strongest players
than the others.

4. CONCLUDING REMARKS

Graph theory is an enjoyable playground for the research of proof techniques
in discrete mathematics. There are many applications of graph theory in different
fields. We have introduced the concepts of the bipolar neutrosophic competition
graphs. We have described an application of m-step bipolar neutrosophic compe-
tition graphs in different level of games with the help of an algorithm. We aim
to extend our research work to (1) Bipolar fuzzy rough graphs; (2) Bipolar fuzzy
rough hypergraphs, (3) Bipolar fuzzy rough neutrosophic graphs, and (4) Decision
support systems based on bipolar neutrosophic graphs.

Acknowledgement. The authors are highly thankful to Executive Editor and the
referees for their valuable comments and suggestions.
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