J. Appl. Math. Comput. @ CrossMark
DOI 10.1007/s12190-017-1098-z

ORIGINAL RESEARCH

Accessible single-valued neutrosophic graphs

M. Hamidi! - A. Borumand Saeid?

Received: 31 December 2016
© Korean Society for Computational and Applied Mathematics 2017

Abstract This paper derived single-valued neutrosophic graphs from single-valued
neutrosophic hypergraphs via strong equivalence relation. We show that any weak
single-valued neutrosophic graph is a derived single-valued neutrosophic graph and
any linear weak single-valued neutrosophic tree is an extendable linear single-valued
neutrosophic tree.
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1 Introduction

Neutrosophy, as a newly-born science is a branch of philosophy that studies the origin,
nature and scope of neutralities, as well as their interactions with different ideational
spectra. It can be defined as the incidence of the application of a law, an axiom, an
idea, a conceptual accredited construction on an unclear, indeterminate phenomenon,
contradictory to the purpose of making it intelligible. Neutrosophic sets and systems
are a tool for publications on advanced studies in neutrosophy, neutrosophic set, neu-

DX A. Borumand Saeid
arsham@uk.ac.ir

M. Hamidi
m.hamidi @pnu.ac.ir
Department of Mathematics, Faculty of Mathematics, Payame Noor University, Tehran, Iran

Department of Pure Mathematics, Faculty of Mathematics and Computer, Shahid Bahonar
University of Kerman, Kerman, Iran

Published online: 27 March 2017 @ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12190-017-1098-z&domain=pdf

M. Hamidi, A. B. Saeid

trosophic logic, neutrosophic probability, neutrosophic statistics that started in 1995
and their applications in any field, such as the neutrosophic structures developed in
algebra, geometry, topology, etc.

Neutrosophic set and neutrosophic logic are generalizations of the fuzzy set and
respectively fuzzy logic (especially of intuitionistic fuzzy set and respectively intu-
itionistic fuzzy logic). In neutrosophic logic a proposition has a degree of truth (7'),
a degree of indeterminacy (/) and a degree of falsity (F), where T, I, F are standard
or non-standard subsets of 70, 17[.

Most of the problems in engineering, medical science, economics, environments
etc. have various uncertainties. In 1995, Smarandache talked for the first time about
neutrosophy and in 1999 and 2005 [11, 14] he initiated the theory of neutrosophic set
as a new mathematical tool for handling problems involving imprecise, indeterminacy,
and inconsistent data. Alkhazaleh et al. generalized the concept of fuzzy soft set to
neutrosophic soft set and they gave some applications of this concept in decision
making and medical diagnosis [4].

A graph is a convenient way of representing information involving relationship
between objects. The objects are represented by vertices and the relations by edges.
When there is vagueness in the description of the objects or in their relationships or
in both, normally that we need to design a fuzzy graph model. The extension of fuzzy
graph theory [12,16] have been developed by several researchers including intuition-
istic fuzzy graphs [1, 13] considered the vertex sets and edge sets as intuitionistic fuzzy
sets.

Smarandache [15] have defined four main categories of neutrosophic graphs, two
of which are based on literal indeterminacy (/), which are called; /-edge neutrosophic
graph and /-vertex neutrosophic graph, these concepts are studied deeply and have
gained popularity among the researchers due to their applications via real world prob-
lems [7,17]. The other two graphs are based on (, i, f) components and are called; The
(t,1, f)-Edge neutrosophic graph and the (, i, f)-vertex neutrosophic graph, these
concepts are not developed at all. Later on, Broumi et al. [5] introduced a third neu-
trosophic graph model. This model allowed the attachment of truth-membership (),
indeterminacy-membership (i) and falsity-membership degrees (f) both to vertices
and edges, and investigated some of their properties.

Fuzzy hypergraph was introduced by the Kaufmann [10]. Lee-kwang et al. gener-
alized the concept of fuzzy hypergraph and redefined it to be useful for fuzzy partition
of a system. Akram and Dudek [2] investigated some properties of intuitionistic fuzzy
hypergraph and gave applications of intuitionistic fuzzy hypergraph.

Akram et al. [3] are defined the concepts of single-valued neutrosophic hypergraph,
line graph of single-valued neutrosophic hypergraph, dual single-valued neutrosophic
hypergraph and transversal single-valued neutrosophic hypergraph.

Regarding these points, the aim of this paper is to generalize the notion of single-
valued neutrosophic graphs by considering the notion of strong equivalence relation
and to define the concept of extendable single-valued neutrosophic graphs. It is a
normal question about the relationships between extendable single-valued neutro-
sophic graphs and extendable single-valued neutrosophic hypergraphs. From here
comes the main motivation for this and in this regard, we have considered the quo-
tient of single-valued neutrosophic hypergraphs via equivalence relations. Also, we
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want to establish the relationship between («, 8, y)-level single-valued neutrosophic
graphs and («, B, y)-level single-valued neutrosophic hypergraphs. Moreover, by
using strong equivalence relation, we have defined a well-defined operation on single-
valued neutrosophic hypergraphs that the quotient of any single-valued neutrosophic
hypergraphs via this relation is a single-valued neutrosophic graph.

We use single-valued neutrosophic hypergraphs to represent of the complex sys-
tems as networks, social, biological, ecological and technological systems where the
use of complex networks gives very limited to information about the structure of
the system. By introducing the concept of the complex hyper-network, the use of
complex hypernetworks appears to be a necessary for exploring these systems and
representation their relationships. We have introduced several valuable measures as
truth-membership, indeterminacy and falsity-membership values for studying com-
plex hyper-networks, such as node and hypergraph centralities as well as clustering
coefficients for both the hyper-networks and the networks.

2 Preliminaries

In this section, we recall some definitions and results that are indispensable to our
research paper.

Definition 2.1 [6] Let G = {x{, x2, ..., x,} be a finite set. A hypergraph on G is a
family H = (G, {E; }'l.":l) of subsets of G such that

(i) foralll <i <m, E; # 0,
m

(i) U E;=G.
i=1
A simple hypergraph (Sperner family) is a hypergraph H = (G, {E,-};nzl) such
that

(iii) E; CE; = i=].

The elements x1, x3, ..., x, of G are called vertices, and the sets Ey, E>, ..., E,,
are the edges (hyperedges) of the hypergraph. For any 1 < k < m if |Ey| > 2, then
E} is represented by a solid line surrounding its vertices, if | Ex| = 1 by a cycle on the
element (loop). If for all 1 < k < m|Ey| = 2, the hypergraph becomes an ordinary
(undirected) graph.

Definition 2.2 [8] Let (G, {E}rec) be ahypergraph, where forany x € G, E, is one

of hyperedges such that x € E,. Then a binary relation p on G is defined as follows:
for every integer n > 1, p, is defined as follows:

xppy <= |EY'| = |EV'|, where |[E{'| = min{|E;[; x € E;} or |EY'| < |Ex]|

and n = min{deg(x), deg(y)}.
Obviously the relation p = U _ Pn is an equivalence relation on G. We denote
n>
the set of all equivalence classes of p by G/p. Hence G/p = {p(x) | x € G}.
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Theorem 2.3 [8] Let (G, {Ex}xeg) be a hypergraph. Then there exists an operation
x on G/p such that (G/p, *) is a graph.

Definition 2.4 [8] Let H = (G, {Ey}xcg) be a hypergraph. Then H is called a com-

plete hypergraph, if for any x, y € G there exits a hyperedge E such that {x, y} C E

and a complete hypergraph with n elements is shown by K. Let H = (G, {E;}/” +1)

be a complete hypergraph.

(1) H iscalled ajointcomplete hypergraph,ifforany 1 <i <n, |E;| =i, E; C E;+1
and |Eyy1| = n;

(ii) H is called a discrete complete hypergraph, if forany 1 <i # j < n, |E;| =
|Ejl,E;NE; = #and |E,t1] = n;

Definition 2.5 [18] Let X be a set. A single-valued neutrosophic set A in X
(SVN-SA) is a function A : X — [0,1] x [0,1] x [0, 1] with the form

= {(x, Ta(x), Ian(x), FA(x)) | x € X} where the functions T4, I4, F4 define
respectively the truth-membership function, an indeterminacy-membership function,
and a falsity-membership function of the element x € X to the set A such that
0 < Ta(x)+ I4(x) + Fa(x) < 3. Moreover, Supp(A) = {x | Ta(x) # 0, [4(x) #
0, Fa(x) # 0} is a crisp set.

Definition 2.6 [5] A single-valued neutrosophic graph (SVN-G) is defined to be a

form G = (V, E, A, B) where

1) V =A{vi,v2,...,0,},Ta, Ia, Fs : V —> [0, 1] denote the degree of mem-
bership, degree of indeterminacy and non-membership of the element v; € V;
respectively, and forevery 1 <i < n,wehave0 < T4 (v;)+14(v;)+ Fa(v;) < 3.

(i) ECVxV,Tp,Ip, Fp : E —> [0, 1] are called degree of the truth-membership,
the indeterminacy-membership and the falsity-membership of the edge (v;, v;) €
E respectively, such that for any 1 < i,j < n, we have Tp(v;,v;) <
min{Ta(v;), Ta(wj)}, Ip(vi, vj) = max{la(vi), Ia(vj)}, Fp(vi,vj) > max
{Fa(v)), Fa(vj)} and 0 < Tg(v;,vj) + Ip(vi, vj) + Fp(v;,vj) < 3. Also A
is called the single-valued neutrosophic vertex set of V and B is called the single-
valued neutrosophic edge set of E.

Definition 2.7 [3]

(i) A single-valued neutrosophic hypergraph (SVN-HG) is defined to be a pair
H = (V. {E;}_)), where V = {v, v, ..., v,} is a finite set of vertices and
{E; ={(vj, Tg; (v)), Ig; (v)), Fg; (v;)}}iL is a finite family of non-trivial neu-

trosophic subsets of the vertex V such that V = U lsupp(E ). Also {E;}]".
is called the family of single-valued neutrosophic hyperedges of Hand V is the
crisp vertex set of H.
(i) Letl <a, B,y <1, then A@PY) =[x € X | Ta(x) > o, Io(x) > B, Fa(x) <
y}is called («, B, y)-level subset of A.

3 (Weak) single-valued neutrosophic hypergraphs (graphs) (SVN-HG)

In this section, we introduce concept of weak single-valued neutrosophic graph and
via equivalence relations, construct quotient single-valued neutrosophic hypergraphs.
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Moreover, for any (o, B, y) € [0, 113, we investigate on («, B, ¥)-level hypergraphs
and show that any finite set can be a (c, 8, y)-level (partitioned) hypergraph.

Let H = (G, {E; };’:1) be a hypergraph, 1 <i, j <nand k € N. Then H is called
a partitioned hypergraph, if P = {E1, Ea, ..., E,} is a partition of G. We will denote
the set of partitioned hypergraphs with |P| = k on G that |E;| = |E;|, by P\¥(H)
and the set of all partitioned hypergraphs on H, by P, (H).

Proposition 3.1 Let G be a finite set and R be an equivalence relation on H. Then
the following statements hold:

(i) H= (G, {R(x)}xeg) is a (partitioned) hypergraph;
(ii) H= (G, Ex,y = {R(x)U R(y)}x’ye(;) is a complete (hyper)graph.

Proof Since R is an equivalence relation on H, we get that P = {E, = R(x)}yepy is

a partition of H andso H = (G, {R(x)} xeg) is a (partitioned) hypergraph. Moreover,

U G R(x) = G implies that H = (G, Eyy={R(x)U R(y)}x,yeg) is a complete
Xe

(hyper)graph, especially whence for any x € G, |R(x)| = 1, then H = (G, Eyy =
{R(x) U R(y)}x,yeq) is a complete graph. ]

Corollary 3.2 The following statements are hold.

(i) Let G be a set, |G| = n and Q@ = {G/R | R is an equivalence relation on G}.
_ n 1 k i k “n
Then |Q| = Zk:l o Zi:O(_l) (i)(k —i)"

(ii) Any finite set can be a (partitioned) single-valued neutrosophic hypergraph.
(iii) Any finite set can be a complete single-valued neutrosophic hypergraph.

Proof (i) [9]. (ii), (iii) Let G = {a1, ay, ..., a,}. By Proposition 3.1, there exists
r < nsuch that H = (G,{E; = R(x;)}/_,) is a partitioned hypergraph. For any
1 <i <r, consider E; = {(x;,i/(10"), (i +1)/(10™), (i +2)/(10™))}. Since for any
neN,3n+3 < 10", weobtain H = (G, {E; = R(x;)}/_,) which itis a partitioned
single-valued neutrosophic hypergraph. O

Definition 3.3 Let G = (V, E, A, B) be a single-valued neutrosophic graph. Then
G = (V,E, A, B) is called a weak single-valued neutrosophic graph, if supp(A) =
V and for any v;,v; € V have Tg(v;,v;) = min{Ta(v;), Ta(v;)}, Ip(v;,vj) =
max{/a(v;), Ia(v;)} and Fp(v;, vj) = max{Fa(v;), Fa(v;)}.

Example 3.4 Let V = {aj, aa, ..., a,}. Consider the complete graph K, and define
A:V — [0,1]1 by Tala;) = 1/i,Is(a;) = 1/(G + 1), Fa(a;) = 1/ + 2) and
B:V xV — [0,1]1by Tg(a;,a;) = Tala;) x Ta(aj), Ip(a;,a;) = Fp(a;,a;) =
Ia(a;) + Ta(aj). Itis clear that (V, A, B) is a complete single-valued neutrosophic
graph and supp(A) = V.
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Corollary 3.5 Any finite set can be a complete weak single-valued neutrosophic
graph.

Proof 1t is obtained from Corollary 3.2. O

Lemma 3.6 Let X be a finite set and A = {(x, Ta(x), [4(x), Fa(x)) | x € X} be
a single-valued neutrosophic set in X. If R is an equivalence relation on X, then
A/R = {(R(x), Tr(a)(R(x)), Ir(a)(R(x)), Fria)(R(x)) | x € X} is a single-valued

neutrosophic set, where Tr(a)(R(x)) = /\ TA(), Ira)(R(x)) = \/ 14(1)

t Rx
and Frey(R0) = \/, . Fa0).

Proof Let X = {x1,x2,...,x,} and P = {R(x1), R(x2), ..., R(xx)} be a partition
of X, where k < n. Since for any x; € X, Ta(x;) < 1, I4(x;) < land Fa(x;) < 1,

we get that /\t R Ta(t) <1, \/z & Io(t) <1 and \/t ® Fu(t) < 1. Hence
Xi Xi Xi

forany 1 <i < k,0 < /\tR Ta(r) +\/ . IA(t)—i—\/tRXi Fa(t) < 3 and

s0 R(A) = (R, \, , Ta).\/, , RAGE V, . Fa()}*_, is a single-

valued neutrosophic set in X / R. O

t R x

Theorem 3.7 Let V. = {vi,va,...,v,} and H = (V,{v;, T, (v;), IE, (v}),
Fg,(vi)},) be a single-valued neutrosophic hypergraph. If R is an equiva-
lence relation on H, then H/R = (R(V), {R(v;), Tr(E;)(R(v})), Ir(E;H(R(v})),
FR(E[,)(R(U./))};'-:I) is a partitioned single-valued neutrosophic hypergraph.

Proof By Lemma 3.6, {R(v;), Tr(g;)(R(v})), Ir(e) (R(v})), FR(Ei)(R(vj))};f:] isa
finite family of single-valued neutrosophic subsets of V/R. Since V = L_jlm:l supp(E;),
we get that (J! —y supp(R(E})) = R(U!, supp(E;)) = R(V). It follows
that H/R = (R(V). {R(v)). Trce) (RW)). Trie (R(W)). Fregn (R)YI_,) is a
single-valued neutrosophic hypergraph. Since R is an equivalence relation on V, for

any x # y € V we get that R(x) N R(y) = @ and so it is a partitioned single-valued
neutrosophic hypergraph. O

Example 3.8 Consider a joint complete single-valued neutrosophic hypergraph H =
(V. {E;}!_)), where V = {aj,a2,...,a,} and for any 1 < i < n,E; =
{(a;,i/10", (i + 1)/10"), (i +2)/10M)}. Clearly R = {(ai, a;), (ar,a5) | r +5 =
n+ 1,1 < i < n}is an equivalence relation on V and so we obtain V/R =
{R(a1), R(az), R(a3), ..., R(a(n/z),l), R(an/z)}. It follows that
H/R = <{R(01), R(a2), R(a3), ..., R(ag2)~1), R(an))},
x{(R(ai), i/10", (i + 1)/10", (i +2)/10"), (R(@n—i+1),

x(n—i+1)/10", (n —i +2)/10", (n — i + 3)/10”)}””).
Computation shows that H /R is a partitioned single-valued neutrosophic hypergraph.
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Corollary 3.9 Let V. = {vi,v2,...,v,} and H = (V,{v;, Tg;(v)), IE, (v}),
Fg; (vj)}L,) be a single-valued neutrosophic hypergraph. If R is an equivalence
relation on H, then HT” R = (R(V), {R(Uj), TR(Ei)(R(Uj)), IR(EI.)(R(U]')), FR(E,-)
(R} 1) is a single-valued neutrosophic hypergraph, where

Tray(R(x) = /\ Ta(t), IRy (R@) =\ 1a(t)

x RteE;

x R teE;

and Fray(RO) =\/ . Fa).

Example 3.10 Let H = ({a, b, ¢, d}, E1, E7) be a single-valued neutrosophic hyper-
graph in Fig. 1, and R = {(x, x), (a, ¢), (c,a) | x € {a, b, ¢, d}}.
Clearly H I" R is obtained in Fig. 2a and H /R is obtained in Fig. 2b.

Corollary 3.11 Let H = (V, {E; }7\) be a single-valued neutrosophic hypergraph
and R be an equivalence relation on H. Then
(i) if H/R = (R(V),{R;), Tr(e)(RW))), Ir(g)(R(v))), FR(E;)(R(U]'))}[]:])
and HP R=(R(V), {R(v}), Tr(e»(RW)), Ir(e)(R(v)), Frig,)(RWj))Y_)),
thenm <s < t;
m
(i) if R=|J . Eix Ei then H/R=HT R.
i=1
Definition 3.12 Let H = (V, {E; }7L|) be a single-valued neutrosophic hypergraph,
0<apy<lad EXP" = (x € V| Tpx) = oI5 () = B, F(x) <

Fig. 1 Partitioned SVN-HG

(¢,0.7,0.8,0.9)

(a,0.1,0.2,0.3)
(d,0.6,0.1,0.7)

(b,0.4,0.5,0.6)

(d,0.6,0.1,0.7)

(a) (b)

Fig.2 SVN-HG 2a and 2b. a SVN-HG H " R b SVN-HG H/R
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v}, where 1 < i < m. Then H@BY) = (V@P" = (yn gPY pepy =
{E; @p, V)}’” 1) is called an (a strong) (o, B, y)-level hypergraph if (forany 1 <i <m

we have, El.(a £y # @) E@PY) £ g,

Proposition 3.13 Let H = (V, {E; }7L 1) be a single-valued neutrosophic hypergraph
and 0 < a, B,y < 1. IfH(""ﬂ’V) = (V@By) E@by)yisqg (a, B, v)-level hyper-
graph, then it is a single-valued neutrosophic hypergraph.

Proof Since H@PY) is a (a, B, y)-level hypergraph, for any 1 < i < m we have,
E.(a’ﬁ’y) # (), we obtain r < m such that forany 1 < i < r, El.(a’ﬁ’y) # (. Now

—(,B,7) U( lEﬁa,ﬁ,y)
1= 1

consider V , where forany 1 <i <r,

ESPY = (), T, (v)), Ig, (v)), Fi, ()},

Hence H A7) = (v@hB.y) {Ei(a‘ﬂ’y)}f:l) is a single-valued neutrosophic hyper-
graph. O

Theorem 3.14 Let H = (V, {E; }.)) be a single-valued neutrosophic hypergraph

and 0 < a,B,y < L. If R is an equivalence relation on H and H@By) —

(V@By) E@BY)yisa (a, B, y)-level hypergraph, then

(i) H“PY) /R = (R(V@EY)) R(E@P)Y) is a single-valued neutrosophic
hypergraph and is a (a, B, y)-level hypergraph.

(ii) H@BY) p R = (R(V@B)) R(E@PY))) is a single-valued neutrosophic
hypergraph and is a («, B, y)-level hypergraph.

(iii) (H/R)@AV) = (R(V)@BY) R(E)@PY)) is a single-valued neutrosophic
hypergraph.

Proof (i), (ii) Let V. = {x1,x2,...,X,}. Since E@A7)) £ @, then there exists

I <i < m,sothat E“P7 £ 9. Let x; € E®P7), then R(x;) € R(V@FD))

and R(E; (.p ’y)) # ¥ and is a hyperedge. Since R is an equivalence relation and

U E(“ BY) — y@BY) we get that H@PY) /R = (R(V@E)) R(E@BV))is a

hypergraph O

Example 3.15 Consider the single-valued neutrosophic hypergraph in Fig. 1 and

equivalence relation R in Example 3.10. Let « = 0.1, 8 = 0.2 and y = 0.8, then

we obtain that £\ = {a, b} and E{*”") = {d} and so we have the hypergraph

in Fig. 3. Since v‘ “BV) — fa,b,d), we get that VP /R = ({a, e}, (b, {d})

and so we have the hypergraph in Fig. 4b. Now, consider V/R = {{a, c}, {b}, {d}},

since (R(E1)) @A) = {}, (R(E2)@FY) = {} and (R(E3))@FY) = (b}, we get the
hypergraph (H/R)@AY) = (V/R)*B-Y) (E/R)*F¥)) in Fig. 4a.

Example 3.15, shows that necessarily, (H/R)©#") is notan («, B, y)-level hyper-
graph.

Theorem 3.16 Let H = (V, {E; 7L 1) be a single-valued neutrosophic hypergraph.
Then there exists 0 < a, B,y < lsuchthatH("‘ BY) = Handso H*PY) /R = H/R.
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Fig.3 (a, B, y)-level

hypergraph
((Zag-ig';ag-g)) (d,0.6,0.1,0.7)
(d,0.6,0.1,0.7)
(b,0.4,0.5,0.6)

(a)

(b)

Fig. 4 SVN-HG 4q and 4b. a SVN-HG (H/R)@F-¥) b SVN-HG H@®A-Y) /R

m m m .

Proof Leta = /\i=1 Tg,, B = /\i=1 Ilf’;. andy = \/i=l Fg;. Thenforany 1 <i <

m and any x € E; we get Tg, (x) > (/\. . Tg;)(x) = o. In a similar way we obtain
1=

that /g, (x) > B and Fg,(x) < y. Since forany 1 <i <m, El.(a’ﬁ’y) = E;, we get that

E(a’ﬁ’y) 75 @’V(a,ﬁ,y) — U E(Dt,ﬂx)/) — V and so (U:n:l E‘i(Ol,ﬁJ/)7 {Ei(ot,ﬁ,)/)}lmzl)
= H.

Corollary 3.17 Let H = (V, {Ei}2 ) be a single-valued neutrosophic hypergraph.

Then there exists 0 < «, 8,y < 1 such that (H/R)(“’ﬂ'V) = H(""ﬂ*y)/R.

Example 3.18 Consider the single-valued neutrosophic hypergraph in Fig. 1 and
equivalence relation R in Example 3.10. Leta = 0.1, 8 = 0.1 and y = 0.9, then we

obtain that Eia,ﬂ,y) = {a, b} and Eéa’ﬂ’y) = {c, d} and so we have the hypergraph in
Fig. 1.

Corollary 3.19 The following statements are hold:

(i) Any finite set can be a («, B, y)-level (partitioned) hypergraph.
(ii) Any finite set can be a («, 8, y)-level complete (hyper)graph.

4 Extendable single-valued neutrosophic graphs
In this section, we will define concept of derivable and extendable single-valued neu-

trosophic graphs and will show that any weak single-valued neutrosophic graph is a
derived single-valued neutrosophic graph.
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Definition 4.1 (i) Let G = (V, E, A, B) be a single-valued neutrosophic graph
and H = (V, {E,)} ccv) be a single-valued neutrosophic hypergraph. We say
that the single-valued neutrosophic graph G is derived from the single-valued
neutrosophic hypergraph H if G is isomorphic to a nontrivial quotient of H.(G =

H/p)

(ii) A single-valued neutrosophic graph G = (V, E, A, B) with underlying set
V is called an extendable single-valued neutrosophic graph, if there exists a
single-valued neutrosophic hypergraph H = (V, {E\},.y) and n € N such that

I(V, A, B)| = |(V,{Ey},.7)| — n, and graph G is derived from hypergraph H.
If V = V we will say that it is an extended single-valued neutrosophic graph.

Theorem 4.2 Let H = (V, {E; 7L 1) be a single-valued neutrosophic hypergraph.
Then there exists an operation “x” on H/p such that (H/p, %) is a single-valued
neutrosophic graph.

Proof By Theorem 3.7, H/R = (R(V), {R(vj), TR(Ei)(R(Uj)), IR(E,-)(R(Uj))»
Free)(R(v j))};l'=l) is a partitioned single-valued neutrosophic hypergraph, where

Trien(R)) =\ Te, (). Irg(Rx) = \/ I (1) and
x RteX x RteX

Fren(R)) = \/  Fr, ().

x RteX

For any p(x) = p((x, Tg; (x), Ig, (x), Fg;(x))) and p(y) = p((y, Tg, (y), IE; (),
Fg,(y)) € H/p, define an operation “x” on H/p by

p(x) * p(x) = {%(my) if EcNEy # 0,

otherwise,

where for any x, y € G, (p m (y)) is represented as an ordinary (simple) edge and
d = p(x) means that there is not edge. It is easy to see that

H/p= (p(V), {p)), Toe)(p))), Ip(e,) (p(v))), FpEn(piNYi_y, *)

is a graph. Now, define T (g, I pE)s Fpgy @ p(V) x p(V) —> [0, 1] by
TP(E;‘)(IO(-X)’ P(y)) = /\a/)x bpy(Tp(Ei)(a) A TP(EI)(b))’Tp(El)(p(-x),p(y)) —
\/W, oy TED (@ Y 1oy () and F () (p(x), p (1)) = \/W, oy FoED (@) V

Foey (D). Itisclear to see that Ty ;) (0 (x), p(¥)) = (Tp gy (P (X)) ATy (0 ()))s
Loen(p(x), p(¥)) = UpE)(p(x) V IpE)(p(¥) and FygH(p(x), p(y)) =
(Fpen(P(X)) vV FpEn(p(y)). Hence H/p = (p(V), {p;), TpE)(p(v))),
Loy (p(v))), Fp(E,.)(p(v.,-))};?Zl, *) is a single-valued neutrosophic graph. O

Example 4.3 Let H = ({a, b, c,d, e, f, g}, {E1, E2, E3}) be a single-valued neutro-
sophic hypergraph in Fig. 5.
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Accessible single-valued neutrosophic graphs

(e,0.2,0.8,0.4)
(£,0.6,0.7,0.1)
(g,0.45,0.15,0.17)

Fig. 5 Partitioned SVN-HG

p(a)(0.1,0.5,0.6) p(e) (0.2,0.8,0.4)

p(c)(0.6,0.8,0.9)
Fig. 6 SVN-G (H/p)

(a1,0.2,0.4,0.6)

(a5,0.1,0.9,0.8)

Fig. 7 Joint complete SVN-HG

We have E}' = E}' = {a,b}, E!' = EJ} = {b,c,d}, and E]' = E}" = E;," =
{d, e, f, g}, thus we obtain p(a) = p(b) = {a, b}, p(c) = p(d) = {c,d} and p(e) =
p(f) = p(g) = {e, f, g}. It follows that H/p = (p(V), p({E1, E2, E3}), %) is the
single-valued neutrosophic graph in Fig. 6.

Example 4.4 Let V = {a1, az, a3, as, as}. Then consider the joint complete single-
valued neutrosophic hypergraph H = (V, Eq, Ey, E3, E4, Es) in Fig. 7. We have
Ep = {lai}, Ef, = la,a}, By = {ai, a2, a3}, Ej, = a1, a2, a3, a4} and
Eg. = {ai, az, a3, a4, as}, thus we obtain p(a1) = {ai}, p(a2) = {a2}, p(a3) =
{as}, p(as) = {as} and p(as) = {as}.

It follows that H/p = (o(V),{(p(ai), TpE)(p(ai)), IpE)(0(@i))s FpcE;)
(p (a,-)))}f=l where is obtained in Fig. 8.

Theorem 4.5 Any single-valued neutrosophic graph is a derived single-valued neu-
trosophic graph if and only if it is a weak single-valued neutrosophic graph.

Proof Let G = (V, E, A, B, ') be a weak single-valued neutrosophic graph, in such
away that V = {aj,a2,...,a,} and E = {ey, e2, ..., ey}, where m < n. Suppose
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p(a1)(0.2,0.4,0.6)

P %
N %,
Ny &

(0.1,0.9,0.8) p(as) (01,0.9,08) paz)(0.4,0.6,0.6)

) —

S ©

5 <

S'\ \\\\\ @] g

=) \\\\ 0 o

~ N J S

¥ %9, |
(0.8,0.9,0.1) p(as) as) (0.3,0.2,0.4
TEREXO p(as) ( )

Fig. 8 Derived cycle SVN-G K4

m, e; = {a;, ay} = a; ¥ a;yr. Define a single-valued neutrosophic
n

that forany 1 <i <m,e
= (V,{E;};_,) as follows:

hypergraph G
E; = {(ai, Ta(ai), 1a(a;), Fa(ai)} U A,

such that for any 1 < k < n, we have |Ax| = k, Ax = {(x, Ta(x), [a(x), Fa(x)) |
Ta(x) # 0, Ia(x) # 0, Fo(x) # 0} and for any 1 < i,i’ < n,|E;| < |E;41| and
E;NE; # . Itis easy to see that V = U/_; AiUV andsince G = (V, E, A, B, %)
is a weak single-valued neutrosophic graph, we get that H = (V, {E}?zl) is a single-
valued neutrosophic hypergraph. Clearly for any 1 < i < n, p(a;) = E; and since
E;NE;j # ¢, wegetthat H/p = {p(a;) | 1 <i < n} and so obtain

plan)., play) if j =1',
i) Xk ) = { ~
p(ai) *x p(aj) {@ it =i
Now defineamapg : (H/p, ) — G = (V, E, A, B, ¥)byo(p(a;, Ta(a;), I11(a;),
Fa(ai))) = (ai, Ta(a;), 1a(ai), Fa(a;)) and ¢((p(a;), p(ay))) = e;. Letx,y € V.
If 'O(x) = I()(y), then |Ex| = |Ey| and so EX = Ey_ Thus (p(p(x)) — (p(p(y)) Since
forany 1 <i,i’ <n,

o(p(ai) * plai)) = p((p(a), plai))) = ei = a; ¥ ay = p(p(a;)) ¥ (pai)),

in other words, if p(a;) and p(a;}) in G/p are adjacent, then ¢(p(4;)) and ¢(p(a;)) in
G are adjacent. So ¢ is a homomorphism. It is easy to see that ¢ is bijection and so is
an isomorphism. It follows that by Theorem 4.2, any weak single-valued neutrosophic
graph is a derived single-valued neutrosophic graph. By definition of single-valued
neutrosophic hypergraph, the converse of theorem is obtained immediately. O
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Accessible single-valued neutrosophic graphs

a (0.4,0.2,0.3)
©
=
=
S
=
S
b(0.4,0.5,0.6)
3
Q C
45 -
QS S0
o v,
AN 9
C
(0.5,0.5,0.5) d 05.05.09) (0.7,0.8,0.9)

Fig. 9 Extendable SVN-G G

Fig. 10 SVN-HG H

Corollary 4.6 Let0 < «, 8, y < 1. Then any weak single-valued neutrosophic graph
can be a derived («, B, y)-level graph.

Example 4.7 Consider the single-valued neutrosophic graph (G, A, B) in Fig. 9.
Now, consider the single-valued neutrosophic hypergraph H = (V, {E j}‘}zl), where

V = {a,b,c,d,e}, E = {(a,0.4,02,0.3)}, B, = {(a,0.4,0.2,0.3), (b, 0.4,
0.5,0.6)}, E3 = {(b, 0.4,0.5,0.6), (¢, 0.7,0.8,0.9), (d, 0.4, 0.4, 0.4)} and

E4={(,0.4,0.5,0.6), (c,0.7,0.8,0.9), (d,0.4,0.4,0.4), (¢, 0.5, 0.5, 0.5)}.
Then (V, Ey, E», E3, E4) is a single-valued neutrosophic hypergraph in Fig. 10.
Since E}' = {(a,0.4,0.2,0.3)}, E;) ={(a,0.4,0.2,0.3), (b,0.4,0.5,0.6)},

E" = {(b,0.4,0.5,0.6), (¢,0.7,0.8,0.9), (d, 0.9, 0.4, 0.4)}and

E}={(b,0.4,0.5,0.6), (c,0.7,0.8,0.9), (d, 0.9,0.4,0.4), (¢, 0.5, 0.5, 0.5)},

@ Springer



M. Hamidi, A. B. Saeid

p(a)(0.4,0.2,0.3)

(0.4,0.5,0.6)

(6)(0.4,0.5,0.6)

N
< \\\
N
\.
N
) — p(c)(0.7,0.8,0.9
(05,0.5,0.5)p(¢) (0.5,0.8,0.9) () )
Fig. 11 Derivable SVN-G H/p
ay a a; aj+1 aj+2 anp—1 an
*— o ... s 'y Py S N —

Fig. 12 Linear tree T},

we get that

p((a,0.4,0.2,0.3)) = {(a,0.4,0.2,0.3)}, p((b,0.4,0.5,0.6)) = {(b, 0.4,0.5,0.6)},
x p((c,0.7,0.8,0.9)) = {(c,0.7,0.8,0.9), (d, 0.9, 0.4, 0.4)} and
x p((e,0.5,0.5,0.5)) = {(e, 0.5,0.5,0.5)}.

So we obtained the single-valued neutrosophic graph in Fig. 11.

Let V = {ay,ay, ..., ay}. Then we denote the linear tree on V in Fig. 12 and
denote it by T},

Theorem 4.8 Let m € N. Then linear weak single-valued neutrosophic tree
(T,fl, A, B) is an extendable linear single-valued neutrosophic tree.

Proof Let T,fl = (V, E) be a linear single-valued neutrosophic tree where V
{ai,az,...,ay}. Now, consider a single-valued neutrosophic hypergraph H
(v, {Ej}Y}_), where for any 1 < i < m, |E;| = i, (a;, Ta(ai), Ia(ai), Fa(ai))
Ei,E; NEi+1 = @,|Eiv1] — |Eil = 1 and for any 1 < j # i,i
1 < mE; NE = { Itis easy to see that V] > |V| and Eg

{(ai, Ta(ai), 1a(ai), Fa(ai)), (x, Ta(x), Ia(x), Fa(x)) | x € V} which in [EZ|
i. It follows that for any 1 < i < m,p((aj, Ta(a;), Ia(a;i), Fa(a;)))

{(ai, Ta(a;), 14(a;), Fa(a;))} and

=+ m

e et iti+ =1,
p(a’)*p(a")_{ﬁ ifi4+1#40.
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Accessible single-valued neutrosophic graphs

Fig. 13 Linear tree 7} (0.15,0.25,0.35) a ¢(0.75,0.89,0.99)

b(0.45,0.55,0.65)

(¢,0.79,0.89,0.99)
(d,0.75,0.85,0.95)

(a,0.15,0.25,0.35)
Fig. 14 SVN-HG H

Since T,fl = (V, E) is a linear single-valued neutrosophic tree, forany 1 < i, j <m
we get that

Tg(p((ai), p((a;)) = Tg({ai}, {a;}) = {TB(ai, a;)} < {Ta(a;) A Ta(a;j)}
= {Ta(ai)} AN{Ta(aj)} = Tp(p((a;i)) A Tp(p((a))).

In a similar way can see that Ig(p((a;), p((a;)) > Ip(p((a;)) VvV Ip(p((a;))
and Fp(p((a). p((@;)) > Fp(p((ai)) v Fp(p((ay)). Since (V, {EjYi_p/p =
(T, A,B), (V,{E; Yi_1)/p is alinear single-valued neutrosophic tree and V| > |V]
we get that (T,il, A, B) is an extendable linear single-valued neutrosophic tree. O

Example 4.9 Consider the linear single-valued neutrosophic tree (T31 , A, B)inFig. 13.

Now, consider a single-valued neutrosophic hypergraph H = (V,{E j};*:l),
where V = {a, b, c,d, e}, E; = {(a,0.15,0.25,0.35)}, E; = {(a,0.15,0.25, 0.35),
(b,0.45,0.55,0.65)}, E3 = {(b,0.45,0.55,0.65), (c,0.79, 0.89, 0.99), (d, 0.75,
0.85,0.95)}.

Then (V, E1, E;, E3) is the single-valued neutrosophic hypergraph in Fig. 14.
Since E}' = {(a,0.15,0.25,0.35)}, E}' = {(a,0.15,0.25,0.35), (b, 0.45,0.55,
0.65)} and E'' = {(b, 0.45,0.55,0.65), (c,0.79, 0.89, 0.99), (d, 0.75, 0.85, 0.95)},
we getthat p((a, 0.15, 0.25, 0.35)) = {(a, 0.15, 0.25,0.35)}, p((b, 0.45, 0.55, 0.65))
= {(b,0.45,0.55,0.65)} and p((d, 0.75,0.89,0.99)) = {(c,0.75,0.89,0.99), (d,
0.75,0.89, 0.99)}. So we obtain the single-valued neutrosophic graph in Fig. 15.

It is clear that (V, {E./}‘j‘.=1)/p ~ (T, A, B).

Corollary 4.10 Linear weak single-valued neutrosophic tree (T,fl, A,B) is an
extended if and only if m = 1 orm = 2.

Theorem 4.11 Let n € N. Then complete weak single-valued neutrosophic graph
(K, A, B) is an extended complete single-valued neutrosophic graph.
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(0.15,0.25,0.35) p(a) p(d) (0.75,0.89,0.99)

p(b)(0.45,0.55,0.65)

Fig. 15 Derived linear SVN-T T}

Fig. 16 Joint complete SVN-HG K ¥

Proof Let G = {ay,ay,...,a,} and (K,, A, B) be a complete single-valued neu-
trosophic graph. Now, consider the single-valued neutrosophic hypergraph H =
(V,{E.,-};'.zl), where V = {aj,az,...,a,} and for any 1 < i < n,E; =
{(a1, Ta(ar), Ia(a1), Fa(ar)), ..., (ai, Ta(ai), Ia(ai), Fa(a;))} in Fig. 16.

Since for any 1 < i < n, E" = {(a1, Ta(a1), Ia(a1), Fa(a1)), ..., (@i, Ta(ai),
I4(a;), Fa(ai))}, we get that for any 1 < i < n, p((a;, Ta(ai), Ia(ai), Fa(ai))) =
{(ai,

Ta(a;), 1a(a;), Fa(a;))}andsoforany 1 <i # j <n, p(a;))xp(a;) = p(a;), p(a;).
Since (K, A, B) is acomplete single-valued neutrosophic graph, forany 1 <i, j <n
we get

Fg(p((ai), p((a;)) = Fp({ai}, {a;}) = {Fp(ai,a;)} > {Fa(a;) vV Fa(a;)}
= {Fa(a;)} vV {Fa(aj)} = Fp(p((a;)) vV Fp(p((a;)).

In a similar way can see that Tg(p((a;), p((a;)) < Tg(p((a;)) A Tg(p((a;)) and
Ig(p((@i), p((ai)) = Ig(p((a;)) vV Ig(p((a;)). Hence H = (V, {EjYiz) =
(K, A, B) and since V = n, have (K,, A, B) is an extended complete single-valued
neutrosophic graph. O

Example 4.12 Consider the complete single-valued neutrosophic graph (K4, A, B)
in Fig. 17. Now, for G = {a, b, c, d}consider single-valued neutrosophic hypergraph
H=(V, {Ej}‘]‘.zl), where

E\ = {(a,0.6,0.8,0.9)}, E> = {(a, 0.6,0.8,0.9), (b, 0.4, 0.5, 0.6)},
Es = {(a,0.6,0.8,0.9), (b, 0.4,0.5,0.6), (c, 0.5,0.6,0.7)} and
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(0.4,0.5, 0.6) (0.5,0.6,0.7)
b (0.4,0.6,0.7) ¢
£ —
(en) =)
=) <
e oA pad
< O 0‘&)70 <
e O S, =
\\\.., .9 SN—
(0.7,0.6,0.8) a
d (0.6,0.8,0.9) (0.6,0.8,0.9)

Fig. 17 Cycle SVN-G K4

Fig. 18 SVN-HG H

(¢,0.5,0.6,0.7)

(b,0.4,0.5,0.6)

(a,0.6,0.8,0.9)

(d,0.7,0.6,0.8)

Es = {(a,0.6,0.8,0.9), (,0.4,0.5,0.6), (c,0.5,0.6,0.7), (d, 0.7, 0.6, 0.8)}.
Then (G, E1, E», E3, E4) is a hypergraph in Fig. 18.

Since E” = {(a, 0.6,0.8,0.9)}, E} = {(a,0.6,0.8,0.9), (b, 0.4,0.5,0.6)},
E" = {(a.0.6,0.8,0.9), (b,0.4,0.5,0.6), (c,0.5,0.6,0.7)} and
E" = {(a,0.6,0.8,0.9), (b, 0.4,0.5,0.6), (c, 0.5,0.6,0.7), (d,0.7,0.6, 0.8)},
we get thatp((a, 0.6, 0.8, 0.9)) = {(a, 0.6, 0.8, 0.9)}, p((b, 0.4, 0.5, 0.6))
= {(b,0.4,0.5,0.6)}, p((c, 0.5,0.6,0.7)) = {(c, 0.5,0.6,0.7)} and
xp((d,0.7,0.6,0.8)) = {(d, 0.7,0.6,0.8)}.

Sg we obtain the single-valued neutrosophic graph in Fig. 19. It is clear that
(VAEN_D/p = (Ks, A, B).
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(0.4,0.5,0.6) (0.5,0.6,0.7)
)

P(b) (0.4,0.6,0.7) ple)

£9) —

S =

) )

3 o Xy =

S| g p

Q g =
(0.7,0.6,0.8) - p(a)

Fig. 19 Derivable complete K4

Corollary 4.13 Let (G, A, B) be aweak single-valued neutrosophic graph. (G, A, B)
is an extended single-valued neutrosophic graph if and only if is a (G, A, B) be a
complete weak single-valued neutrosophic graph.

Theorem 4.14 Let m,n € N. Then complete weak single-valued neutrosophic
bigraph (K., A, B) is an extendable complete single-valued neutrosophic bigraph.

Proof LetV =V UV’ ={ay,a,...,ap,d}, a5, ... a,}and (K, ,, VUV’ A, B)
be a complete single-valued neutrosophic bigraph. Consider hypergraph H =
(VAE U {E}}7:1)’ where V is set of all vertices of hyperedges of H, for any 1 <

i=1
i<m1<j<naekE.d;€E, |Ewl=|E|+1I|E]| = |E +1.E},| =
, m o n /_ . . ) ,
|Ej|+1,ﬂi:1 E; =0, ﬂj:l Ej =@andforany 1 <i <m,1<j<n, ENE #
@. By definition forany 1 <i <m,1 < j < n, E" = E;, E;m = E},p(a,-) =E;
and p(a}) = E}.Hence forany 1 <i <mand 1 < j < n we obtain

p(x) * p(y) = {ﬁ(x),,o(y) if {x.y) = {ar, a'},

7 otherwise.

Thus H = (V, {E:}]L; U{ESYI_) = Kn.
Let V. = {(a,Taa), 1a(a), Fa@)Y, Uiy, Ta(by), 1a(br), Fab )Y,
(@}, Ta(d), 1a(a}), Fa@))Y;_; UL, Ta(by), 1a(by), FaB)}P_,, such that
forany 1 < i < m,1 <r < [,1 < j <nl <s < pTal@) <
Ta(by), Ia(a;)) = 1a(by), Fa(ai) = FA(br),TA(a}) =< TA(b_Q),IA(a}) > 14(by)
and FA(a}) > Fu(b)). It is easy to see that forany 1 <i <m,1 < j < n we get
that,

Toen(p(ai)) = Tg,(ai), 1) (p(ai) = Ig; (ai),
Fpe)(p(ai)) = Fg; (@), Tp(E;.)(p(a})) =Tg (a)),

Lo (p(@)) = Ig: (a)) and
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(0.2,0.4,0.6) (0.7,0.3,0.3)
a b
= —
= =
=) 19
aF <
=} ™
(0.2,0.8,0.7) c
d (0.3,0.5,0.7)

Fig. 20 Cycle SVN-G K4

! 0.450.6,0'7) (b4,0.3, 0.7,0.6)
’ (d,0.9,0.8,0.4)

(b2,0.7,0.1,0.2)

(b3,0.9,0.3,0.1)

(¢,0.4,0.5,0.7)

Fig.21 SVN-HG H

Fp(E.’/.)(p(a})) = FE} (Cl;)

Moreover, T g (p(ai). p(@})) = Te (i) A T (a)). Ip)(p@). play) =

Ig, (ai) N I (a}) and F (g, (p(ai), p(a;.)) > Fg,(ai) N Fgr (a;.). It follows that
J J

H /p is a complete single-valued neutrosophic bigraph. O

Example 4.15 Consider the complete single-valued neutrosophic bigraph

(K22, A, B) in Fig. 20. Now, consider single-valued neutrosophic hypergraph H =
(V. {E; }‘j‘.:l) in Fig. 21. By the following computations,

EY ={(a,0.3,0.4,0.5), (b1,0.2,0.1,0.6)},

E) ={(0,0.8,0.2,0.3), (b,0.7,0.1,0.2), (b3,0.9,0.3,0.1)},

E" ={(c,0.4,0.5,0.7), (a, 0.3,0.4,0.5), (b2, 0.7,0.1,0.2), (»3,0.9,0.3,0.1)} and

EY =1{(d,0.9,0.8,0.4), (bs,0.4,0.6,0.7), (b4,0.3,0.7,0.6), (b1, 0.2, 0.1, 0.6),
x(b,0.8,0.2,0.3)},
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(0.2,0.4,0.6) (0.7,0.3,0.3)
p(a) p(b)

(0.2,0.8,0.7)

(0.3,0.5,0.7)

)

~
o

a»

(0.2,0.8,0.7)
p(d) (0.3,0.5,0.7)

Fig. 22 Derivable complete SVN-G K> »

we get that,

p((a,0.2,0.4,0.6)) = {(a,0.3,0.4,0.5), (b1,0.2,0.1,0.6)},
p((b,0.7,0.3,0.3)) = {(»,0.8,0.2,0.3), (b2,0.7,0.1,0.2), (b3,0.9,0.3,0.1)},
0((c,0.3,0.5,0.7)) = {(c,0.4,0.5,0.7), (a, 0.3,0.4,0.5), (b2,0.7,0.1,0.2),
x(b3,0.9,0.3,0.1)}and in a similar way,
0((d,0.2,0.8,0.7)) = {(d,0.9,0.8,0.4), (bs,0.4,0.6,0.7), (bg,0.3,0.7,0.6),
x(b1,0.2,0.1,0.6), (b,0.8,0.2,0.3)}.

So we obtain the single-valued neutrosophic graph in Fig. 22. It is clear that
(VAEj}j_)/p = (K22, A, B).

Corollary 4.16 Let (Kppn, A, B) be a complete weak single-valued neutrosophic
bigraph. Then (K, n, A, B) is an extended complete weak single-valued neutrosophic
bigraph if and only if m = n = 1.

5 An applications of accessible single-valued neutrosophic
(hyper)graphs in complex networks

In this section, we describe some applications of accessible single-valued neutrosophic
graphs.

The study of complex networks play a main role in the important area of mul-
tidisciplinary research involving physics, chemistry, biology, social sciences, and
information sciences. These systems are commonly represented by means of simple
or directed graphs that consist of sets of nodes representing the objects under inves-
tigation, e.g., people or groups of people, molecular entities, computers, etc., joined
together in pairs by links if the corresponding nodes are related by some kind of rela-
tionship. These networks include the internet, the world wide web, social networks,
information networks, neural networks, food webs, and protein—protein interaction
networks. In some cases the use of simple or directed graphs to represent complex
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networks does not provide a complete description of the real-world systems under
investigation. For instance, in a collaboration network represented as a simple graph,
we only know whether scientists have collaborated or not, but we can not know whether
three or more authors linked together in the network were coauthors of the same paper
or not. A possible solution to this problem is to represent the collaboration network as
a bipartite graph in which a disjoint set of nodes represents papers and another disjoint
set represents authors. However, in this case the homogeneity in the definition of nodes
is lost, because we have certain nodes that represent papers and others that represent
authors. In the study of connectivity, clustering and other topological properties, this
distinction between two classes of nodes with completely different interpretations may
lead to artifacts in the data.

A natural way of representing these systems is to use the hypergraphs. In the hyper-
graphs, hyper-edges can relate groups of more than two nodes. Thus, we can represent
the collaboration network as a hypergraph in which nodes represent authors and hyper-
edges represent the groups of authors that have published papers together. Despite the
fact that complex weighted networks have been covered in some detail in the physical
literature, there are no reports on the use of hypergraphs to represent complex systems.
Consequently, we will formally introduce the hypergraph concept as a generalization
for representing complex networks and will call them complex hyper-networks. The
hypergraph concept includes, as particular cases, a wide variety of other mathematical
structures that are appropriate for the study of complex networks. Since still these
representations are unsuccessful to deal with all the competitions of the world, for
that purpose SVN-HG are introduced. Now, we discuss applications of SVN-HG to
study the competition along with algorithms. The SVN-G have many utilizations in
different areas, where by using the especial equivalence relations, we connect SVN-
G and SVN-HG. We will first show some examples of complex systems for which
hypergraph representation is necessary.

Example 5.1 In social networks nodes represent people or groups of people, normally
called actors, that are connected by pairs according to some pattern of contact or
interactions between them. Such patterns can be of friendship, collaboration, busi-
ness relationships, etc. There are some cases in which hypergraph representations
of the social network are indispensable. Let X = {ay, a2, a3, a4, as, ag, a7} be a
society and ay, a», az, aa, as, ag, a7 be names of its people. These people create
some groups as E; = {aj, az, a3}, E» = {as, a3} and E; = {aa, as, ae, a7}. Let,
the degree of contribution in the business relationships of a; is 10/100, degree of
indeterminacy of contribution is 0/100 and degree of false-contribution is 15/100,
i.e. the truth-membership, indeterminacy-membership and falsity-membership values
of the vertex human is (0.1, 0,0.15). The likeness, indeterminacy and dislike-
ness of contribution in the business relationships this society is shown in the
Table 1.

Consider the social complex network H = ({a1, a2, a3, a4, as, as, a7}, {E1, E2,
E3}) in Fig. 23. Since

EM" = E" = {(a1,0.1,0.05,0.15), (a2, 0.2,0.21,0.25), (a3, 0.3, 0.05, 0.35)},
EM" = E" = {(a3,0.3,0.05, 0.35), (a4, 0.4, 0.42,0.45)} and
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Table 1 Likeness, indeterminacy and dislikness of a social network

People Truth-membership Indeterminacy-membership Falsity-membership
aj 0.1 0.05 0.15
ap 0.2 0.21 0.25
a3 0.3 0.05 0.35
as 0.4 0.42 0.45
as 0.5 0.05 0.55
ag 0.6 0.62 0.65
ay 0.7 0.72 0.75

(a1,0.1,0.05,0.15)

(as,0.5,0.05,0.55)
(a7,0.7,0.72,0.75)

k@@«g'
Fig. 23 Social complex network

(0.1,0.21,0.25) p(a1) (0.1,0.72,0.75) plas) (0.5,0.72,0.75)

(W
) 72
0.45) o0

p(a3)(0.3,0.42,0.45)

Fig. 24 Social network

EI' = EI' = EI" = {(as,0.4,0.42,0.45), (as, 0.5, 0.05, 0.55), (as, 0.6, 0.62, 0.65),
x(az,0.7,0.72,0.75)},

we get that

p((a1,0.1,0.05,0.15)) = {(a1,0.1,0.21,0.35), (a2, 0.1, 0.21, 0.35)},
p(a3, 0.3,0.05,0.35)) = {(a3,0.3,0.42, 0.45), (as, 0.3, 0.42, 0.45)} and
p((as, 0.4,0.72,0.75)) = {(as, 0.4, 0.72, 0.75), (ag, 0.4, 0.72, 0.75),
x (a7,0.4,0.72,0.75)}.

So we obtain the single-valued neutrosophic graph in Fig. 24. By Fig. 24, for society X,
we have 3 representatives p(aj), p(a2) and p(a3) where the likeness, indeterminacy
and dislikeness of contribution in the business relationships of group of this society is
shown in the Table 2.
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Table 2 Likeness, indeterminacy and dislikness of SVN-G

Group representative Group representative Truth Indeterminacy Falsity
plar) p(as) 0.1 0.72 0.75
play) p(az) 0.1 0.42 0.45
p(az) p(as) 0.3 0.72 0.75

Table 3 Likeness, indeterminacy and dislikness of social networks

People Truth-membership Indeterminacy-membership Falsity-membership
a 0.6 0.5 0.4
a 0.1 0.2 0.3
b 0.2 0.3 0.4
b’ 0.3 0.2 0.1
c 0.8 0.9 0.05
0.9 0.8 0.7
d 0.5 0.6 0.7
0.4 0.5 0.6
f 0.7 0.8 0.9
0.99 0.05 0.9

Example 5.2 Trophic relations in ecological systems are normally represented through
the use of food webs, which are oriented graphs (digraphs) whose nodes represent
species and links represent trophic relations between species. Another way of repre-
senting food webs is by means of competition graphs, which have the same set of nodes
as the food web but in which two nodes are connected if, and only if, the corresponding
species compete for the same prey in the food web. In the competition graph we can
only know if two linked species have some common prey, but we can not know the com-
position of the whole group of species that compete for common prey. In order to solve
this problem a competition hypergraph has been proposed in which nodes represent
species in the food web and hyper-edges represent groups of species that compete for
common prey. It has been shown that in many cases competition hyper-networks yield
a more detailed description of the predation relations among the species in the food
web than competition graphs. Let X = {a,d’,b,b’,c,d,d , e, f, g} be a ecological
system and a,a’, b, b, c,d,d’, e, f, g be species. These species create some groups
species as E| = {a,a’}, E; = {a,b', b}, E3 ={b,c,d',d}and E4 = {d, g, f, e, a’}.
Let, the degree of contribution in the business relationships of a is 60/100, degree of
indeterminacy of contribution is 50/100 and degree of false-contribution is 40/100,
i.e. the truth-membership, indeterminacy-membership and falsity-membership values
of the vertex human is (0.6, 0.5,0.4). The likeness, indeterminacy and dislike-
ness of contribution in the business relationships this society is shown in the
Table 3.
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Fig. 25 Food competition hyper-network

Consider the food competition hyper-network is illustrated in Fig. 25. Since

EI = E™ = {(a,0.6,0.5,0.4), (a,0.1,0.2,0.3)},

EJ = EJ' = {(a,0.6,0.5,0.4), (b,0.2,0.3,0.4), (b',0.3,0.2,0.1)} and

EM" = E7 = E" = {(b,0.2,0.3,0.4), (¢, 0.8,0.9,0.05), (,0.9,0.8,0.7),
x(d’,0.5,0.6,0.7)}, and

EM = E" = E" = {(d.0.9,0.8,0.7). (¢,0.4,0.5,0.6), (f.0.7,0.8,0.9),
x(g,0.99,0.05,0.9), (@', 0.1,0.2,0.3)},

we get that

0((@,0.1,0.5,0.4)) = {(a,0.1,0.5,0.4), (a’, 0.1,0.5, 0.4)},

p(h,0.2,0.3,0.4)) = {(b,0.2,0.3,0.4), (+',0.2,0.3,0.4)}
p((c,0.5,0.9,0.7)) = {(c,0.5,0.9,0.7), (d,0.5,0.9,0.7), (d', 0.5,0.9, 0.7)} and
p((e, 0.4,0.8,0.9)) = {(e, 0.4,0.8,0.9), (f,0.4,0.8,0.9), (g, 0.4, 0.8, 0.9)}.

So we obtain the single-valued neutrosophic graph in Fig. 26. By Fig. 26, for society X,
we have 4 representatives p(a), p(b), p(c) and p (e) where the likeness, indeterminacy
and dislikeness of trophic relations between species of group of this society is shown
in the Table 4.
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(0.1,0.5,0.4) p(a)

p(b) (0.2,0.3,0.4)

ple) (0.4,0.8,0.9)

p(¢)(0.5,0.9,0.7)

Fig. 26 Food web

Table 4 Likeness, indeterminacy and dislikness of SVN-G

Group representative Group representative Truth Indeterminacy Falsity
p(a) p(b) 0.1 0.5 0.4
p(a) p(c) 0.1 0.9 0.7
p(b) p(e) 0.2 0.8 0.9
p(c) p(e) 0.4 0.9 0.9

6 Conclusion

The current paper has considered the notion of single-valued neutrosophic hypergraph,
single-valued neutrosophic graph and by introducing weak single-valued neutrosophic
graph, we have established a relation between them. Also:

(i) Any weak single-valued neutrosophic graph is a derived single-valued neutro-

sophic graph.

(i1) Every linear weak single-valued neutrosophic tree (Tnl1, A, B) is an extendable

linear single-valued neutrosophic tree.

(iii) All complete weak single-valued neutrosophic graphs (K, A, B) are extended

complete single-valued neutrosophic graphs.

(iv) Any complete weak single-valued neutrosophic bigraph (K, ,, A, B) is an

extendable complete single-valued neutrosophic bigraph.

(v) The concept of intuitionistic neutrosophic sets provides an additional possibil-

ity to represent imprecise, uncertainty, inconsistent and incomplete information
which exists in real situations. In this research paper, we have described the
concept of single-valued neutrosophic graphs. We have also presented applica-
tions of single-valued neutrosophic hypergraphs and single-valued neutrosophic
graphs in food webs and social networks.

We hope that these results are helpful for further studies in graph theory. In our
future studies, we hope to obtain more results regarding graphs, hypergraphs and their
applications.
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