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Abstract: The generalized neutrosophic graph is a generalization of the neutrosophic graph that
represents a system perfectly. In this study, the concept of a neutrosophic digraph, generalized
neutrosophic digraph and out-neighbourhood of a vertex of a generalized neutrosophic digraph is
studied. The generalized neutrosophic competition graph and matrix representation are analyzed.
Also, the minimal graph and competition number corresponding to generalized neutrosophic

competition graph are defined with some properties. At last, an application in real life is discussed.

Keywords: Competition graph, neutrosophic graph, generalized neutrosophic competition graph,

competition number.

1. Introduction

Graph theory is a significant part of applied mathematics, and it is applied as a tool for solving many
problems in geometry, algebra, computer science, social networks [1] and optimization etc. Cohen
(1968) introduced the concept of competition graph [2] with application in an ecosystem which was
related to the competition among species in a food web. If two species have at least one common
prey, then there is a competition between them. Let G = (v, E ) be a digraph, which corresponds to
a food web. A vertex x € V represents a species in the food web and an arc (%,3) € E means x
preys on the species s. The competition graph C(G) of a digraph G is an undirected graph G =
(V,E) which has same vertex set and has an edge between two distinct vertices x,y € V if there
exists a vertex s € V and arcs (%,3), (7,5) € E.

Roberts et al. (1976,1978) studied that for any graph with isolated vertices is the competition graph
[3, 4] and the minimum number of such vertices is called competition number. Opsut (1982) discussed
the computation of competition number [5] of a graph. Kim et al. (1993,1995) introduced the p-
competition graph [6] and also p-competition number [7]. Brigham et al. (1995) introduced @ —
tolerance graph as a generalization of p-competition [8]. Cho and Kim (2005) studied competition

number [9] of a graph having one hole. Li and Chang (2009) proposed about competition graph [10]
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with h holes. Factor and Merz introduced (1,2) step competition graph [11] of a tournament and
extended to (1,2) —step competition graph.

In real life, it is full of imprecise data which motivated to define fuzzy graph [12] by Kaufman (1973)
where all the vertices and edges of the graph have some degree of memberships. There are lots of
research works on fuzzy graphs [13]. In 2006, Parvathi and Karunambigal introduced intuitionistic
fuzzy graph [14] where all the vertices and edges of the graph have some degree of memberships and
degree of non-memberships. The concepts of interval-valued fuzzy graphs [15] were introduced by
Akram and Dubek (2011) where the membership values of vertices and edges are interval numbers.
Even the representation of competition by competition does not show the characteristic properly.
Considering in food web, species and prey are all fuzzy in nature, Samanta and Pal (2013) represent
competition [16] in a more realistic way in fuzzy environment. After that, as a generalization of the
fuzzy graph, Samanta and Sarkar (2016, 2018) proposed the generalized fuzzy graph [17] and
generalized fuzzy competition graph [18] where the membership values of edges are functions of
membership values of vertices. Pramanik et al. introduced fuzzy @ — tolerance competition graphs
with the idea of fuzzy tolerance graphs [19].

Smarandache (1998) proposed the concept of a neutrosophic set [20] which has three components:
the degree of truth membership, degree of falsity membership and degree of indeterminacy
membership. The neutrosophic set is the generalization of fuzzy set [21] and intuitionistic fuzzy set
[22].

The neutrosophic environment has several applications in real life including evaluation of the
green supply chain management practices [23], evaluation Hospital medical care systems based on
plithogenic sets [24], decision-making approach with quality function deployment for selecting
supply chain sustainability metrics [25], intelligent medical decision support model based on soft
computing and IoT [26], utilizing neutrosophic theory to solve transition difficulties of IoT-based
enterprises [27], etc.

As a generalization of the fuzzy graph and intuitionistic fuzzy graph, Broumi et al. (2015) defined
the single-valued neutrosophic graph [28]. The definition of a neutrosophic graph by Broumi et al. is
different in the definition of neutrosophic graph [29] by Akram. Also, the presentation of competition
[30] by neutrosophic graph was introduced by Akram and Siddique (2017). In that paper, the
authors did not follow the same definition of Broumi. In these papers, there were restrictionson T, I,
F values. To remove the restrictions on T, I, F values, Broumi et al. (2018) introduced the generalized
neutrosophic graph [31] using the concept of generalized fuzzy graph. The concepts of generalized
neutrosophic graph motivate us to introduce the generalized neutrosophic competition graph. There
are few papers available for readers on neutrosophic graph theory [32-34].

The rest of the study is organized as follows. In the second section, the main problem definition is
described. In section 3, the basic concepts related to the neutrosophic graph, neutrosophic directed
graph, generalized neutrosophic graph, a generalized neutrosophic directed graph is discussed with
example. In this section, the generalized neutrosophic competition graph is proposed and
corresponding minimal graphs, competition number is studied. In section 4, a matrix representation

of the generalized neutrosophic competition graph is proposed with a suitable example. In section 5,
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an application in economic growth is studied. In the last section, the conclusion of the proposed study
and future directions is depicted.

A gist of contribution (Table 1) of authors is presented below.

Table 1. Contribution of authors to competition graphs

Authors Year Contributions
Cohen 1968 Introduced competition graph.
Kauffman 1973 Introduced fuzzy graphs
Smarandache 1998 Introduced the concepts of neutrosophic set
Parvathi and Karunambigal 2006 Introduced intuitionistic fuzzy graph
Samanta and Pal 2013 Introduced fuzzy competition graph
Broumi et al. 2015 Introduced neutrosophic graph
Samanta and Sarkar 2016 Introduced the generalized fuzzy graph
Akram and Siddique 2017 Introduced neutrosophic competition graph
Samanta and Sarkar 2018 Introduced representation of competition by a
generalized fuzzy graph
Broumi et al. 2018 Introduced Generalized neutrosophic graph
Das et al. This paper Introduced generalized neutrosophic

competition graph

2. Generalized neutrosophic competition graph

Definition 1.[28] A graph G = (V,E) where E €V XV is said to be neutrosophic graph if
there exist functions pr:V — [0,1], pp:V = [0,1]andp;: V — [0,1] such that
0<pr(w)+pr(v) +p;(v;) <3 forall v; EV (i=123,...,n)
where pr(v;), pr(v;), p;(v;) denote the degree of true membership, degree of falsity membership

and degree of indeterminacy membership of the vertex v; € V respectively.

there exist functions p:E — [0,1], uz: E - [0,1] and y;: E - [0,1]such that
pur(vi,v;) < min [pr(v), pr(v)]

wr(vi, v;) = max[pr(vi), pr(vy)]
w(vi, v;) = max[p;(vi), pr(vj)]
and 0 < pr(v,v;) + pr(vyv) + W, v) < 3 forall (v, v;) €E
where uT(vi, v]-), MF(Ui, vj), w1 (v;, vj) denote the degree of true membership, degree of falsity
membership and degree of indeterminacy membership of the edge (v;,v;) € E respectively.
Definition 2.[31] A graph G = (V,E) where E SV X V is said to be generalized neutrosophic graph

if there exist functions
pr:V - [0,1], pp:V - [0,1]andp;:V - [0,1],

ur:E - [0,1], up: E - [0,1] and y;: E - [0,1]
$riEr = [0,1], ¢p: Ep - [0,1] and ¢;: E; — [0,1]
such that
0<pr(w)+pr(v)) +p;(v;) <3 forall v; EV (i=123,...,n)
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and
HT(Ui’Uj) = ¢pr(pr(vy), PT(Uj))
IJF(UL"U]’) = ¢r(pr(vy), PF(Uj))
#I(Vi:vj) = ¢, (o1 (i), p1(v)))
where Ep = {(Pr(vi)' pT(vj)):ﬂT(vi' Uj) 2 0} , Er= {(PF(vi)‘ pF(vj)):ﬂF(vi‘ Uj) 2 0} ,
{(p: (), p,(vj)):u,(vi,vj) >0} and pr(v), pr(v;), p;(v;) denote the degree of true membership,

EI=

the degree of falsity membership, the indeterminacy membership of vertex v; € V respectively and
uT(vi, vj), /.tF(vi,v]-), (v, v;) denote the degree of true membership, the degree of falsity
membership and the degree of indeterminacy membership of edge(v;, v;) € E respectively.
Definition 3. A graph G = (V,E) where E €V x V is said to be neutrosophic digraph if

i) there exist functions pr:V - [0,1], pr: V = [0,1] and p;:V - [0,1] such that
0<pr(v) +pr(v;)) +p;(v;) <3 forall v; eV (i=123,...,n)
where pr(v;), pr(v;), p;(v;) denote the degree of true membership, degree of falsity membership

and degree of indeterminacy membership of the vertex v; respectively.

ii)  there exist functions pr: E - [0,1], ug: E - [0,1] and U E > [0,1]such that
ﬂT(m) < min [pr(vy), pr(vy)]
1p (77) = maxlpp(vy), pr(v))]
(7 7) = max] py(w), pi(v))]
and 0 < ,uT(vL,v]) +ur(W,v) + (@, v) <3 forall (v, v;) EE
where ur(v,7), ur(v,7), 1 (%,7;) denote the degree of true membership, degree of falsity

membership and degree of indeterminacy membership of the edge (v,,v) € E respectively.

Example 1. Consider a graph (Fig.1) G = (v, E) where V = {v;,v,,v3,1,} and

E= {(v,v2), (v, v3), (v, 13), (V3,1,)}. The membership values of vertices (Table 2) and edges (Table
3) and the corresponding graph are given following.

Table 2. Membership values of vertices of a graph (Fig.1)

v, vy Vs U,
pr 0.4 03 0.5 0.3
POr 03 0.1 0.6 0.4
o 0.2 0.4 0.4 0.6

Table 3. membership values of edges of a graph (Fig.1)

(v1,7v2) (v, v3) (v2,73) (v3,75)
Uy 03 0.3 0.2 0.3
Up 0.4 0.6 0.6 0.6
1 0.4 0.5 0.5 0.6
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vy (03,0.1,0.4)

.

(0.3.0.4.04)

(0.2.0.6,0.5)
vy (0.3,0.40.6)

(0.3, 0.6, 0.5)

(0.3, 0.6, 0.6)

vy (0.5.0.6,0.4)

Figure.l. A neutrosophic digraph

Definition 4. A graph G = (V,E) where E €V x V is said to be generalized neutrosophic digraph

if there exist functions
pr:V = [0,1], pp:V - [0,1]andp,: V - [0,1],

yT:E - [0,1],;1F:§ - [0,1] and y,:ﬁ - [0,1]
¢riEr = [0,1], ¢p: Ep — [0,1] and ¢;: E; — [0,1]
such that
0<pr(v) +pr(v;) +p;(v;) <3 forall v; eV (i=123,...,n)

and

.UT(W) = ¢pr(pr(vy), PT(Uj))

.UF(W) = ¢pr(pr(vy), PF(Uj))

Hz(m) = ¢, (o, (vy), PI(Vj))
where Er = {(pr(), pr)):iur(vi,v)) 20}, Er = {(pr(), pr(@)):up(vi,v)) =20}, E =
{(p,(vi), p,(v]-)):u,(vi,v]-) > 0} and pr(v;), pr(v;), p;(v;) denote the degree of true membership,

the degree of falsity membership, the indeterminacy membership of vertex v; € V respectively and

,uT(vl, v]), ,uF(vl,v]), (v, v)) denote the degree of true membership, the degree of falsity
membership and the degree of indeterminacy membership of edge(v,, v)) € E respectively.

Example 2. Consider a graph (Fig.2)5 = (V, E ) where V = {v,,v,,v3,v,} and

E= {1, v2), 01, v3), (Vg v7), (U3, 17)}-

Consider the membership values of vertices (Table 4) are given below:

Table 4. Membership values of vertices of a graph (Fig.2)

v, vy Vs U,
pr 0.5 0.6 0.2 0.7
Pr 0.4 0.5 0.4 0.3
o], 0.3 0.6 0.7 0.4
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Consider the membership values of edges (Table 5) as

pr(m,n) = max{m,n} = pp(m,n) = p;(m,n)

Table 5. Membership values of edges of a graph (Fig.2)

(v1,77) (v1,v3) (Vs, 7) Vs, 72)
pr 0.3 0.3 0.2 0.3
Hp 0.4 0.6 0.6 0.6
1 0.4 0.5 05 0.6

v, (05.04.03)

N
(06.05.06) 7 v 2(0.6, 0.5, 0.6)

(0.6.0.5,0.7)

(0.5.0.4.0.7) (0.7.04.04%)

V4
(0.7.03.04)

V3 (02.04, 03)

Figure 2. A generalized neutrosophic digraph

Definition 5. Let G = (v, E) be a generalized neutrosophic digraph. Then out-neighbourhood
N*(v;) of a vertex v; €V is given by

N*@) = ), (w7 9), e (0o 0), (9, 9)): (9, 9) € E}
where ,uT(vl,v]),uF(vl,v]),u,(vl,v}) denote the degree of true membership, the degree of falsity

membership and indeterminacy membership of edge (v,,7;) € E.

Example 3. Consider a GN digraph (Fig.3) G = (V,E) where V = {v;,v,,v5,v,} and

E= {1, v2), V1, v3), (01, 02), (U3, V3), (V3,09) 3.

v, 040309 v, (05.06. 08

(0.5.0.6.04)
(0.7.0.6.0.5)

(04.04_05)
(0.7.0.3,0.4)

03.04.05
vy ©3.04.05

- 0.7.03.02
V3 (0.7. 03, )]

Fig 3. A generalized neutrosophic digraph

N*(vy) = {(v,,(0.5,0.6,0.4)), (v3,(0.7,0.3,0.4)), (v4, (0.4,0.4,0.5)) }

N*(v,) = {(v3,(0.7,0.6,0.5))} , N*(vs) = {(v4,(0.7,04,05))}, N*(v,) = 0.
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Definition 6. Let G = (v, E ) be a generalized neutrosophic digraph. Then the generalized
neutrosophic competition graphC(G’) of G = (V,E) is a generalized neutrosophic graph which has
the same vertex set V and has a neutrosophic edge between u, v if and only if N* (W) nN*(v) # @
and there exist sets S; = {yl,u €V}, S, ={yf,u€eV}, S;3={yl,u€V}and functions ¢,:S; xS; —
[0,1], ¢,:S; xS, = [0,1], ¢3:S53 X S3 = [0,1] such that edge-membership value of an edge (u,v) €
E’ is (ur(u,v), ur(uw,v), p;(u,v)) where
pr(w,v) = 1 (vl vy )
ur(u,v) = ¢ (v, vy)
w W, v) = ¢3 (Vi 1)
Yu = min {ur@W),¥w € N* (W) N N*(v)},yy, = min {ur (@, W), Yw € N*(w) N N*(v)},
Yu = max {us(@,W),Yw € N*(W) N N*(v)}, vy = max {u(w,w),vw € N*(w) N N*(v)},
vl = max {y;(w,w),Yw € N*(w) N N*(v)}, L = min {y;(v,w),Yw € N*(u) n N*(v)}.
Example 4. Consider a GN digraph( Fig.3) G = (V, E ) where V = {v;,v,,v3,1,} and

E= {1, v2), (V1,v3), (01, 0,), (W3, 03), (V3,14)} .

Then the corresponding competition graph (Fig.4) with membership values of edges (Table 6) is

Table 6. Membership values of edges a graph (Fig.4)

(v1,v7) (v1,v3)
wr 0.7 0.4
W 0.3 0.3
w 0.4 0.2
(0.4,03,0.4) V2 03,9609
Yy
Vy
(03,04,05)

0.7.03.02
v, ©7.03.02)

'3

Figure 4. A generalized neutrosophic competition graph of a graph (Fig.3)

Theorem 1. Let G be a generalized neutrosophic graph. Then there exists a generalized neutrosophic
digraph G’ such that C(?) =G.
Proof. Let G = (V,E) be a generalized neutrosophic graph and (x,y) be an edge in G. Now, a

generalized neutrosophic digraph G’ is to be constructed such that C(?) =G.
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Let x,y €G  bethe corresponding vertices of x,y € G. Then we can draw two directed edges from

vertices x,y toavertex z € G suchthatz € N*(x) nN*(y"). Similarly, we can do for all vertices

and edges of G and hence C(F) =G.

Definition 7. Let G be a generalized neutrosophic graph. Minimal graph, G ofGisa generalized
neutrosophic digraph such that C(?) =G and G’ has the minimum number of edges i.e. if there
exists another graph G’* with C(T) = @, then number of edges of G” is greater than or equal to
the number of edges of G'.

Consider a generalized neutrosophic graph. If it is assumed as a generalized neutrosophic
competition graph, then our task is to find the corresponding generalized neutrosophic digraph.
Then there are a lot of graphs for a single generalized neutrosophic competition graph. We will
consider the graph with a minimum number of edges.

Theorem 2. Let G be a generalised neutrosophic connected graph whose underlying graph is a
complete graph with n vertices. Then the number of edges in a minimal graph of G is equal to 2n,
nz= 3.

Proof. Let G = (V,E) be a connected generalized neutrosophic graph whose underlying graph is a
complete graph of n vertices so that each vertex of G is connected with each other. Let u, v be two
adjacent vertices in G and u;,v; be the corresponding vertices in the minimal graph G . Consider a
generalised neutrosophic directed graph Gyin such a way that every vertex of G other than u; has
only out-neighbourhood as u,. Thus G, has (n—1) edges. Similarly, a generalised neutrosophic
directed graph 52 is considered for v; and hence 52 has (n—1) edges. Now, consider a
generalised neutrosophic directed graph G, with only edges (i, wy), (v, w;). Thus G = G, U G, U
53 The number of edges in G istn-D+m-1+2=2n

Definition 8. Scoresof an edge (u,v) between two vertices in a generalized neutrosophic graph is
given by s(u,v) = [2ur(1 — ug) + p;]/3 where ur, pp and y; are the degree of truth membership,
degree of falsity membership and degree of indeterminacy membership of the edge (u,v)
respectively.

Example 5. Consider a GN graph (Fig.5) G = (V,E) where V = {v},v,,v3,v,} and
E= {(vlv 172)’ (vl! 174-)! (UZ’ 173), (v3l v4)l (172, 174)}.

(0.5,0.3,0.4)
(0.6,0.4,0.3)

{0.5,0.4,0.4)

{0.3,0.4,0.4) {0.6,0.4,0.3)

{0.6,0.4,0.3)

{0.3,0.4,0.3)
{0.3,0.4,0.2) {0.7,0.2,0.3)

Figure 5. An example of a generalized neutrosophic graph

The score of the edge (v3,v,) is 0.42. Similarly, the scores of all edges should be found.
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Definition 9. In a generalized neutrosophic graph, a vertex u with adjacent vertices vy, v,, ...., v} is
said to be isolated if s(u,v;) =0 for i =1,23.....,k.

Notel. If ur = 1,u; =0, then score =0 and if yu; = 0 = y; then score = 0.

Example 6. Consider a GN graph (Fig.6) G = (V,E) where V = {v,v,,v;,v,} and

E = {(v1,v2), (V1,v3), (V2,v3), (v, v4)}

(0.7,0.2,0.3)

(0.5,1,0.3)

(0.4,1,0) @

(0.5,1,0) (0.4,0.6,0)

(0.4,0.3,0.3)

(0.4,1,0.2)

(0.4,0.3,0.2)

Figure 6. An example of a generalized neutrosophic graph with isolated vertex
The adjacent vertex of v, is v, and the score of the edge(v,,v,) is 0, so v, is an isolated vertex.
Definition 10. A cycle of length > 4 in a generalized neutrosophic graph is called a hole if all the
edges of this cycle have a non-zero score.
Example 7. Consider the graph in example 5, v; — v, — v; — v, — vyis a cycle of length 4 and all the
of the cycle have non-zero score and hence it is a hole.
Definition 11. The smallest number of the isolated vertex in a generalized neighbourhood graph is
called competition number. It is denoted by ky(G).
Lemma 1. If a crisp graph has one hole, then its completion number is at most 2. But the Competition
number of a generalized neutrosophic graph with exactly one hole may be greater than two. Let us

consider a graph (Fig.7) with exactly one hole with competition number 2.

{0.5,0.4,0.2)

(0.7.05,0.3) {0.4,0.4,0) @

{0,0.5,0)

a
{0.4,0.5,0.4)

{0.3,0.5,0)

{0.6,0.5,0.4)

0.6,0.7,0.4
b ( )

(0.6,0.3,0.4) (0.4,0.7,0) -ﬂ

{0.7,0.4,0.3)

Figure 7. Generalized neutrosophic graph with competition number 2.
It may be noted that scores of edges (ﬂ;),(m), (c,—ci)and (ﬂ) are non-zero as per definition of the
hole. But the score of (Té) and (c,é) may be zero. Hence e is an isolated vertex. Thus

competition number is 3.
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Definition 12. A neutrosophic graph is said to be a neutrosophic chordal graph if all the holes have
a chord with score > 0.

Example 10. Consider the graph in example 5, v; — v, — v; — v, — v;are only a hole and the edge
(v3,v,) is a chord with a non-zero score, then the graph is a neutrosophic chordal graph.

Lemma 2. The competition number of a neutrosophic chordal graph with pendant vertex be greater
than 1. In the neutrosophic chordal graph (Fig.8) given below, since the vertex e is isolated, then the

competition number is greater than 2.

(0.,7,0.3,02 (0.5,0.4,0.5)

(0.6,0.3,0.4)

0.5,0.5,0.3)

(0.4,0.5,0.5) (0.5,1,0)

(0.5,0.4,0.3)

0.4,03,0.4
[ } 04,10

(0.4,0.6,1)
(0.5,0.2,0.1) (0.6,0.5,0)

Figure 8. Neutrosophic chordal graph
3. Matrix representation of GNCG

It is one kind of adjacency matrix of the GNCG. The entries of the matrix are calculated as follows:
Step-1: Let us consider a generalized neutrosophic digraph (GNDG).

Step-2: Find the pair of vertices u;, v;(i = 1,2, ....,m) such that there exist edges (u,,x) , (v, x;) for
(k,1=1,2,....,p) with N*(u;) and N*(v)).

Step-3: Find the set N*(uw;) N N*(v;) = {x,,n = 1,2, ..., q}, say.

Step-4: let y,; = min {ur(u, x7), ur (U, 2), .-, /’tT(m)}

Vo =min {ur (@, %), pr@ ), e ur(T %)}
Yo = max {up Uy %7), Uy 53), oo, ip (W g )}
Yo' = max {ur (U 20), e (0 23), oo e (Vo g )}
Yoo = min {u; (0, x7), (w0, X2), ----:Hl(m)}
Yo = max {; (v, x7), u; (U, %3), .. :Hl(m)}-

Step-5: Find the degree of true membership, degree of falsity membership and degree of

indeterminacy membership by the following formula
ur(wv) = o1 (v, 1),
e ) = 0 (v, ¥,

w(u,v) = (P3(Vli' VJ)

For simplification, one function ¢ may be used in place of ¢,, ¢,, @3.
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Step-6: the competition matrix is a square matrix. Its order equal to the number of vertices. Its entries

are given below.
(01 (r! ] ) 02(¥E 7)), 03(vl, v))) if there is an edge between vertex i and j
if there is no edge between vertex i and j.

a- . =
Y { (0,0,0),

Example 11. An example of matrix representation is presented with all steps.
Step -1: Consider a GNDG (Fig.9)? = (V, E). The membership values of vertices and edges are given

in the graph (Fig.)
(0.6,0.5,0.4) (0.5,0.2,0.4)

(0.5,0.3,0.2)
(0.55,0.4,0.3)

(0.6,0.25,0.15) (0.5,0.2,0.25)

(0.65,0.35,0.25)

(0.4,0.1,0.3)

Vg
(0.6,0.15,0.2)

(0.7,0.2,0.1)
(0.5,0.10.3)

Figure 9. A generalized neutrosophic graph with seven vertices

Step‘23N+(V1) = {VIN*(vy) = {vs} N*(v3) = {v,, v}
N*(vy) = {v1, v3}N*(vs) = {V3}NT(v6) = {vs}N* (v7) = {vs5}.
N*(v)) NN*(v3) = {v;}, N*(v)) N N*(vy) = {v,},

Step-3: N*(vy) NN*(v,) =0,

N*(v)) NN*(vs) =0, N*(w)NN*(vg) =0, N*(v,))nN*(v,) =0,
N¥(w,) NN*(v3) =0, N'(v))NN*(v) =@,N*(v,) NN*(vs5) =0,

N* () NN*(v) = {vs},N* (1) NN (v;) = {ws},, N*(v3) N N*(v,) = {vy},

N*(w3) NN*(vs) = @,N*(w3) NN*(vs) =@, N*(v3)NN*(v;) =0,
N+(V4) n N+(V5) = {V3}rN+(V4) n N+(V6) =0, N+(v4) n N+(V7) =9,
Nt(ws)NNt(wg) =0, Nt(ws)NNT(v;) =0, NT(vg) NN*t(v,) ={vg},

Step-4:
Y1z = 0.55, iz = 04, ¥i. =03
yL =055 y5 =03, yi, =035
Yir =065,  yi; =035 y; =025
V25 = 0.45, Y45 = 0.45, Yis = 0.4
Yes =04,  yl=03, Yes = 0.4
¥y =05 yf =02 yi =025
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Y =06,  vi =025 yi =015
vL=06, y5 =015 yl,=02
¥ss =04,  yE =025 yi; =035

Step-5:
pis =0, pis = 0.1, fis = 0.05
ul, =01, uf, =0.05, ul,=0.05
ut, = 0.1, uk, =0.05, ul, =01
uls = 0.2, ube =01, ubs=0.15
{56 = 0.05, pse = 0.15, fhe =0
ul, =0.1, ub, =02,  ub,=0.05
ul, =0.05, uk, =0.05, pul,=0.05

Step-6: the corresponding matrix is

- (0,0,0)  (0,0.1,0.05) (0.1,0.05,0.05)  (0,0,0) (0,0,0) (0,0,0)
(0,0,0) - (0,0,0) (0,0,0) (0,00)  (0.05,0.150) (0.1,0.2,0.05)
(0,0.1,0.05)  (0,0,0) - (0.1,0.05,0.1)  (0,0,0) (0,0,0) (0,0,0)
(0.1,0.05,0.05)  (0,0,0) (0.1,0.05,0.1) - (0.2,0.1,0.15)  (0,0,0) (0,0,0)
(0,0,0) (0,0,0) (0,0,0)  (0.2,0.1,0.15) - (0,0,0) (0,0,0)
\ (0,0,0)  (0.05,0.15,0)  (0,0,0) (0,0,0) (0,0,0) — (0.05,0.05,0.05) /
(0,0,0)  (0.1,0.2,0.05) (0,0,0) (0,0,0) (0,0,0)  (0.05,0.05,0.05) -

4. An application in economic competition

Like competitions in the ecosystem, there are many competitions running in real life. In this study,
the competition in economic growth among the countries (Fig.10) are presented in the neutrosophic
environment. We consider two factors: GDP and GPI. Gross Domestic Product (GDP) of a country is
the total market value of all goods and services produced in a specific time period in the country. The

Global Peaceful Index (GPI) of a country is the value of peacefulness in the country relative to global.

Afghanistan
Bangladesh

Figure 10. Competition among countries
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The GDP growth is taken as the degree of truth membership, GPI is taken as the degree of falsity
memberships. The uncertainty causes like flood, elections etc. may be taken as the degree of
indeterminacy membership. The data of GDP growth and GPI are collected from internet. The
country of India with neighbours countries are competing with each other to become more strong.
Since all countries are competing, so the corresponding competition graph is a complete graph.

The membership values of countries (nodes) are given in the tabular form (Table 7, Table 8) and the
membership values of edges are calculated by the following formula and are represented by a matrix.

pr(w,v) =1 - |of —orl,

:uF(u'v) = 1_|O_F1‘l_O—F1‘]|/

ww,v) =0
Table 7. Countries with GDP and GPI values

SL. No. Country GDP GPI

1 India 7.257 2.605

2 Pakistan 2.905 3.072

3 China 6.267 2.217

4 Nepal 6.536 2.003

5 Bangladesh 7.289 2.128

6 Bhutan 4.816 1.506

7 Myanmar 6.448 2.393

8 Afganistan 3 3.574

9 Srilanka 3.5 1.986

Table 8. Countries with their normalized values of GDP and GPL
Sl. No. Country N GDP 1/GPI N GPI N GDP~ N GPI

1 India 0.996 0.38 0.576 0.42
2 Pakistan 0.399 0.33 0.5 0.101
3 China 0.86 0.45 0.682 0.178
4 Nepal 0.897 0.5 0.758 0.139
5 Bangaladesh 1 0.47 0.712 0.288
6 Bhutan 0.661 0.66 1 0.339
7 Mayanmar 0.885 0.42 0.636 0.249
8 Afganistan 0.412 0.28 0.424 0.012
9 Srilanka 0.48 0.5 0.758 0.278

The competition among countries is given above by the matrix form.

Kousik Das, Sovan Samanta and Kajal De; Generalized neutrosophic competition graph



169

Neutrosophic Sets and Systems, Vol. 31, 2020

ro )
:Em_qmg_a
(0'1L60°565°0)
(0'686°0°6780)
(0'66°0°8%°0)
(0'7980'¢8¢°0)
(0%0790)
(0'5280'676°0)
(0'358°0'48%0)

(0%£L0'786°0)
(07T)
(0'c9L'0'Lz50)
(051901820
(042L0'71%0)
(0'2£80°18°0)
(0'7E8°0'7850)
(0°716'0'286°0)
(0°Z650'9T#10)

(0°7£6'0'65°0)
(0°292'0'L28°0)
(071)
(07609£L0)
(0°796'0'c88°0)
(0'68'0'8850)
(0'626'0°5L6'0)
(0°7880'%15°0)
(0'6280'688°0)

(0'686°0'818°)
(0'eL9'0'18L0)
(018°092L°0)
(01T)

(0'6#6°0'199)
(08'0%9L'0)

(0'663'0'108°0)
(0z9L0'88L0)
(0'616'0'2990)

(0'66°08%°0)
(0%2£071%0)
(0'796°0°5850)
(0'6%6°0'799°0)

017)
(0'758'0'£68°0)

(0'68098°0)
(0°8180'668°0)
(0'9980956°0)

(0'798°0'¢85°0)
(0's280°c18°0)
(0'63'0'886°0)
(050%9L°0)
(0°158'0'268°0)
017)
(0'796°0'E96'0)
(0°'796'0'205°0)
(0°6T£'0'T06°0)

(0%079°0)
(0%£80'788°0)
(0'626'0°5L6'0)
(0'6£8°0'1080)

(0'68:098°0)
(0'796'0'96°0)

017
(0°826'0'6£5°0)
(0'35£'0'%98°0)

(0'e280'%250) (0°858°0°R00°0
(0'T160'8%8°0) gﬂgm_qé_%
(0zegro60) (0'780'6880)
(0'7a00'9.50) (0616702990
(0'e18'0'%080) (0'898°0966'0)
(0'796'0'818'0) (0'81£'0'708'0)
(0'cz60'k650) (088207980

o1 (0'e0'eor0) x
(07890%z60)  (0TT)

ion graph

Generalized neutrosophic competiti

Kousik Das, Sovan Samanta and Kajal De



Neutrosophic Sets and Systems, Vol. 31, 2020 170

Conclusion

This study presents the generalization of neutrosophic competition graph where edge restrictions are
withdrawn. A representation of GNCG is presented by a square matrix. Also, the minimal graph and
competition number are introduced. A real-life application is presented and discussed by the GNCG.
In this application, true membership value is taken as GDP, the gross domestic product of countries,
and falsity is taken as complement of of GPI, Global Peace Index of such countries. These parameters
may be taken differently to capture the competitions among countries. This representation will be
helpful to perceive real-life competitions. This study assumed only one step competition. In future,
n-step neutrosophic competition graph and several other related notions will be studied. This study

will be the backbone of that.
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