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ACHIEVABLE SINGLE-VALUED NEUTROSOPHIC GRAPHS IN
WIRELESS SENSOR NETWORKS

M. HAMIDI AND A. BORUMAND SAEID

ABSTRACT. This paper considers wireless sensor (hyper)networks by single—
valued neutrosophic (hyper)graphs. It tries to extend the notion of single—
valued neutrosophic graphs to single—valued neutrosophic hypergraphs and it
is derived single—valued neutrosophic graphs from single valued neutrosophic
hypergraphs via positive equivalence relation. We use single-valued neutro-
sophic hypergraphs and positive equivalence relation to create the sensor clus-
ters and access to cluster heads. Finally, the concept of (extended) derivable
single—valued neutrosophic graph is considered as the energy clustering of wire-
less sensor networks and is applied this concept as a tool in wireless sensor

(hyper)networks.

Mathematics Subject Classification (2010): 68R10, 05C15, 81Q30, 05C65.
Key words and phrases: Single-valued neutrosophic (graphs) hypergraphs, pos-

itive equivalence relation, extendable single-valued neutrosophic graph, WSN.

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 dif-
ferent 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, in-
determinate phenomenon, contradictory to the purpose of making it intelligible.
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) are tools for publications on advanced studies in neutrosophy.
In neutrosophic logic, a proposition has a degree of truth (7"), indeterminacy (1)
and falsity (F), where T, I, F are standard or non-standard subsets of |70, 17].
In 1995, Smarandache talked for the first time about neutrosophy and in 1999 and
2005 [11, 12] 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]. Smarandache [13, 14] have defined four main categories of
neutrosophic graphs, two based on literal indeterminacy (I), whose name were;

I-edge neutrosophic graph and I—vertex neutrosophic graph, these concepts have
1
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been deeply studied and have gained popularity among the researchers due to their
applications in real world problems [7, 15]. The two others graphs were based on
(t,1, f) components whose name was; The (¢, 4, f)-Edge neutrosophic graph and the
(t,4, f)—vertex neutrosophic graph, these concepts are not developed at all. Later
on, Broumi et al.[5] introduced a third neutrosophic graph model. This model al-
lows the attachment of truth—membership (¢), indeterminacy—membership (7) and
falsity-membership degrees (f) both to vertices and edges, and investigated some
of their properties. M. Akram et. al defined the concepts of single-valued neu-
trosophic hypergraph, line graph of single-valued neutrosophic hypergraph, dual
single-valued neutrosophic hypergraph and transversal single-valued neutrosophic
hypergraph [3]. Wireless sensor networks (WSNs) have gained worldwide attention
in recent years, particularly with the proliferation of micro—electro—mechanical sys-
tems (MEMS) technology, which has facilitated the development of smart sensors.
WSNs are used in numerous applications, such as environmental monitoring, habi-
tat monitoring, prediction and detection of natural calamities, medical monitoring,
and structural health monitoring. WSNs consist of tiny sensing devices that are
spread over a large geographic area and can be used to collect and process envi-
ronmental data such as temperature, humidity, light conditions, seismic activities,
images of the environment, and so on.

Regarding these points, this paper aims to generalize the notion of single-valued
neutrosophic graphs by considering the notion of positive equivalence relation and
trying to define the concept of derivable single-valued neutrosophic graphs. The re-
lationships between derivable single—valued neutrosophic graphs and single-valued
neutrosophic hypergraphs are considered as a natural question. The quotient of
single-valued neutrosophic hypergraphs via equivalence relations is the main mo-
tivation of this research. Moreover, by using positive equivalence relations, we
define 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 rep-
resent wireless sensor hypernetworks. By considering the concept of the wireless
sensor networks, the use of wireless sensor hypernetworks appears to be a necessity
for exploring these systems and representation their relationships. We have intro-
duced several valuable measures as truth-membership, indeterminacy and falsity—
membership values for studying wireless sensor hypernetworks, such as node and
hypergraph centralities as well as clustering coefficients for both hypernetworks and
networks. Clustering is one of the basic approaches for designing energy—efficient,
robust and highly scalable distributed sensor networks. A sensor network reduces
the communication overhead by clustering, and decreases the energy consumption

and the interference among the sensor nodes, so we via the concept of single-valued
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neutrosophic (hyper)graphs and equivalence relations considered the wireless sensor

hypernetworks.

2. Preliminaries

In this section, we recall some definitions and results are indispensable to our

research paper.

Definition 2.1. [6] Let G = {x1,x2,...,2,} be a finite set. A hypergraph on G is
a family H = (B, Ea, ..., Ey) = (G, {E;};—,) of subsets of G such that
(1) for all1 <i<m,E; #0;
(i) [ JE: =G.
ZilA simple hypergraph (Sperner family) is a hypergraph H = (E1, Eo, ..., Ep,)
such that
(tit) B; CEj = i=.
The elements x1,x2,...,xy of G are called vertices, and the sets E1, Fa, ..., Ep,
are the edges (hyperedges) of the hypergraph. For any 1 < k < m if |Ex| > 2, then
Ey 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 |Ex| = 2, the hypergraph becomes an
ordinary (undirected) graph.

Definition 2.2. [9] Let H = (G, {Ey }scc) be a hypergraph. Then H = (G,{Ez}zeq)
is called a complete hypergraph, if for any x,y € G there is a hyperedge E such
that {x,y} C E and is shown a complete hypergraph with n elements by K*. Let
H = (G, {Ez}fjll) be a complete hypergraph.
(1) H = (G,{E;}!}) is called a joint complete hypergraph, if for any 1 <i <
n, |Bi| =i, E; € Eirq and |Epqq| =n;
(i) H = (G, {E;}1}) is called a discrete complete hypergraph, if for any 1 <
i#j<n|E|=|El,EsNE; =0 and |Ept1| = n;

Definition 2.3. [10] Let H = (G,{E;}",) be a hypergraph. Define a binary
relation ) on G as follows: m1 = {(x,x) | € G} and for every integer k > 1,

x gy <=3 E suchthat {z,y} C E;, where k =|E;| = min{|E:|; x,y € E;}

and for all 1 < 4,5 < n, there is no E; # E?, or E; # E?, such that x € E;,y € Ej

and |E;| < k,|E;| < k. Obviously n = U Nk is a reflexive and symmetric relation
k>1
on G. Let " be the transitive closure of n (the smallest transitive relation such

that contains n).

Theorem 2.4. [10] Let H = (G,{E;}zec) be a hypergraph, N* = N U {0} and
n = n*. Then for any i € N* there exists an operation *; on G/n such that
H/n = (G/n,*;) is a graph.
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Definition 2.5. [16] Let X be a set. A single valued neutrosophic set A in X
(SVN-S A) is a function A : X — [0,1] x [0,1] x [0,1] with the form A =
{(z,Ta(x),Ia(x),Fa(z)) | © € X} where the functions Ta,Ia, Fa define respec-
tively 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) + Ia(z) + Fa(z) < 3. Moreover, Supp(A) = {x | Ta(z) # 0,1a(z) #
0, Fa(z) # 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=Av1,va,...,un}, Ta,1a,Fa:V — [0,1] denote the degree of member-
ship, degree of indeterminacy and non-membership of the element v; € V;
respectively, and for every 1 < i < n, we have 0 < Ta(v;)+1a(v;)+Fa(v;) <
3.
(it) ECV XV, Tg,Ip,Fg: E —[0,1] are called degree of truth-membership,
indeterminacy-membership and falsity-membership of the edge (v;,v;) €
E respectively, such that for any 1 < 4,5 < n, we have Tg(v;,v;) <
min{Ta(v;), Ta(v;)}, In(vi,v;) > max{Ia(v;),I1a(v;)}, Fp(vi,vj) > max{
Fa(vi), Fa(vj)} and 0 < Ts(v;,v5) + Ip(vi,v5) + Fp(vi,v;) < 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.= {v1,va,...,v,} is a finite set of vertices and
{E; = {(vj, Tr,(v;), I, (v;), Fg,(v;))} Yy is a finite family of non-trivial

m
neutrosophic subsets of the vertexr V' such that V = U supp(E;). Also
i=1

{E;}, is called the family of single valued neutmsopfz;c hyperedges of H
and V is the crisp vertex set of H.

(i3) Let 1 < a,B,v < 1, then AP = (o € X | Ta(z) > a,la(z) >
B, Fa(x) <~} is called (o, B,7)—level subset of A.

3. (regular) Single—valued neutrosophic hypergraphs(graphs)
(SVN-HG)

In this section, we introduce a concept of regular single—valued neutrosophic
graph and construct quotient single-valued neutrosophic hypergraphs, via equiva-
lence relations.

Let (H,{E;}?_;) be a hypergraph, 1 <4,j <n and k € N. Then H is called a
partitioned hypergraph, if P = {E1, Ea,...,E,} is a partition set of H. We will
denote the set of partitioned hypergraphs with |P| = k on H that |E;| = |Ej|, by
P,(Lk) (H) and the set of all partitioned hypergraphs on H, by Pp(H).
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Definition 3.1. Let G = (V, E, A, B) be a single—valued neutrosophic graph. Then
G = (V,E, A, B) is called
(1) a weak single—valued neutrosophic graph, if supp(A) =V ;
(71) a regular single—valued neutrosophic graph, if is weak and for any v;,v; € V
have Tg(vi,v;) = min{Ta(v;),Ta(v;)}, Ip(vi,v;) = max{Ia(v;),La(v;)}
and Fp(v;,vj) = max{Fa(v;), Fa(vj)}.

Proposition 3.2. Let V ={a1,as,...,a,}. Consider the complete graph K, and
define A:V —[0,1] by Ta(a;) =1/i,1a(a;) =1/(i+ 1), Fa(a;) = 1/(i +2) and
(1) B: VXV —[0,1) by Tg(a;,a;) = Ta(ai)xTa(a;), I(a;,a;) = Fpla;,aj) =
Ia(ai) +Ta(a;). It is clear that G = (V,E, A, B) is a single-valued neu-
trosophic complete graph and since supp(A) =V, we get that it is a weak
single—valued neutrosophic complete graph.
() B : VxV — [0,1] by Tg(ai,a;) = |Ta(a;) + Tala;j)|/2 — |Talas) —
Tala;)l/2,18(ai, a;) = [La(ai)+1a(a;)|/2+[La(ai)=1a(a;)|/2 and Fp(ai, a;
= |Fa(a;)+Fa(a;)|/24+|Fala;)—Fa(a;)|/2. It is clear that G = (V, E, A, B)

1s a reqular single—valued neutrosophic complete graph.

Corollary 3.3. Any finite set can be a (regular)weak single-valued neutrosophic

complete graph.

Proof. Let G be a finite set and R be an equivalence relation on G. Then consider,
H = (G,{R(z) x R(y)}a,yec), whence it is a complete graph. By Proposition 3.2,
is obtained. 0

Lemma 3.4. Let X be a finite set and A = {(z,Ta(x),Ia(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)(1(2)), [r(a)(R(x)), Freay(R(z)) | + € X} is a single-valued

neutrosophic set, where Tr(a)(R(x)) = /\ Ta(t), Ircay(R(z)) = \/ I14(t) and
tRax t Rx

Friay(R(z)) = \/ Fa(®).
t Rx
Proof. Let X = {x1,22,...,2,} and P = {R(x1), R(22),...,R(zr)} be a par-
tition of X, where k < n. Since for any z; € X, Ta(x;) < 1,1a(z;) < 1 and
Fa(z;) < 1, we get that [\ Ta(t) <1, \/ Ia(t) < 1and \/ Fa(t) < 1.
t R x; t R x; t R x;
Hence forany 1 < i <k, 0 < /\ Ta(t) + \/ Ia(t) + \/ F4(t) < 3 and so
t R x; t R x; t R x;
R(A) = {(R(x;), /\ Ta(t), \/ 1a(t), \/ Fa(t))}r_, is a single-valued neu-
t R x; t R x; t R x;
trosophic set in X/R. O

Theorem 3.5. Let V = {v1,v2,...,v,} and H = (V,{(vj, Tg,(v}), IE; (v}), Fr, (v}))
1) be a single—valued neutrosophic hypergraph. If R is an equivalence relation on

)
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H, then H/R = (R(V),{R(v)), Tr(,) (R(v;)), Ir(z) (R(v))), Frep,) (R(v;)) 1) is
a partitioned single—valued neutrosophic hypergraph.

Proof. By Lemma 3.4, { R(v;), Tr(g,)(R(v})), IrE,) (R(v})), Frep,)(R(v;))}iL is a

finite family of single-valued neutrosophic subsets of V' /R. Since V = U supp(E;),

i=1
m m

we get that U supp(R(E;)) = R(U supp(E;)) = R(V). 1t follows that H/R =
i=1 i=1

(B(V), {R(v;), Tr(e,) (B(v;), Ir(e,) (R(v;)), Fre,) (R(v)) }L,) s a single-valued

neutrosophic hypergraph. Since R is an equivalence relation on V, for any x # y €

V we get that R(z)NR(y) = 0 and so it is a partitioned single-valued neutrosophic

hypergraph. O

Example 3.6. Consider a joint complete single-—valued neutrosophic hypergraph
H = (V,{E;}™,), where V = {ai,az,...,a,} and for any 1 < i < n,E; =
{(a;,1/10™, (i + 1)/10™), (i + 2)/10™)}. Clearly R = {(a;,a;), (ar,as) | 7+ s =
n+ 1,1 < i < n} is an equivalence relation on V and so we obtain V/R =

{R(a1), R(az), R(as), ..., R(a@ 2)-1), R(an 2)}. It follows that

H/R = <{R(a1), R(az), R(az),..., R(am/2)-1), R(an/Q)}a
{(R(ai),i/10™, (i +1)/10", (i +2)/10"), (R(an—it1);

(n—i+1)/10", (n —i+2)/10", (n — i + 3)/10")}n/2>-

i=1

Computation shows that H/R is a partitioned single-valued neutrosophic hyper-

graph.
4. Derivable regular single—valued neutrosophic graphs

In this section, we introduce the concept of derivable single—valued neutrosophic
graphs via the equivalence relation n* on single—valued neutrosophic hypergraphs.
It is shown that any single-valued neutrosophic graph is not necessarily a derivable
single—valued neutrosophic graph and it is proved under some conditions. Fur-
thermore, it can show that some regular trees and all regular single—valued neu-
trosophic complete bigraphs are derivable single—valued neutrosophic graph and
regular single—valued neutrosophic complete graph are self derivable single—valued

neutrosophic graphs.

Definition 4.1. A single—valued neutrosophic graph G = (V, E, A, B) is said to be:

(7) a derivable single—valued neutrosophic graph if there exists a nontrivial single—
valued neutrosophic hypergraph (H,{Ey},_,) such that (H,{Ey},_,)/n" = G =
(V,E,A,B) and H is called an associated single—valued neutrosophic hypergraph
with single—valued neutrosophic graph G. In other words, it is equal to the quotient

of nontrivial single—valued neutrosophic hypergraph on n* up to isomorphic;
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(#i) a self derivable single—valued neutrosophic graph, if it is a derivable single—
valued neutrosophic graph by itself.
Theorem 4.2. Let H = (V,{E;}",) be a single-valued neutrosophic hypergraph,

113

j € N* =NU{0} and n = n*. Then there exists an operation “x;” on H/n such

that (H/n,*;) is a regular single—valued neutrosophic graph.

PTOOf. By Theorem 35a H/77 = (77(7)7 {U(Uj)v Tn(El)(n(vj))7 Ir](EV,:)(n(UJ)% Fn(Ei)
(n(vj))}™,) is a partitioned single-valued neutrosophic hypergraph, where

Tyey (@) = N\ Te(t), ey @) = \/ Ie(t) and
znteX xrnteX

Fypym@) = \/ Fr(®).

For any 7](3?) = TI((UC»TE@- (:13), IEq: (.’E), FE,,; (‘T))) and 77(3/) - 7}((y,TE,,; (y)7 IEi (y)7 FEi (y)) €

H/n, define an operation “x;” on H/n by
n(@),n(y) if ()] = In()l| = J.

n(x) *; n(y) = ,
0 otherwise,

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

H/n = (V) {n(v;), Ty (0(07)), Iy (1(0))s Fyez) (0(05)) 3ty %5)
is a graph. Now, define Tn(Ei)’TTI(Eq)’FW(Ei) :n(V)xn(V) — [0,1] by TW(EI)(T)(.’L‘)

W) =\ (Toe)(@) A Ty (0), Tys) @), n@) = \/ Uy (@) Vv
an, ily anz, bny
Ly, (b)) and Fpg,)(n(x),n(y)) = \/ (Fye (@) V Fyg,y(b)). It is clear to see
anx, bny

that T g, (1(2),0(y)) < (T (@) ATz (1)), Lne) (@), 0(y)) = (Iye,) (n(x))
Vi) () and Fyyog) (), n(y)) > (Fye) (0(2))V Fye,y (1(y))). Hence H/n =
(n(V), {n(v3), Ty (1(03)): Loy (0(05)), Foay (n(v;)) }ity, %) s a single-—valued neu-
trosophic graph. O

Example 4.3. Let H = ({a,b,c,d,e, f,g9},{Er, E2, E3, Es}) be a single—valued

neutrosophic hypergraph in Figure 1. Since
E; = {(a,0.1,0.2,0.3),(,0.3,0.2,0.1)}, E5 = {(¢,0.4,0.5,0.6), (d,0.6,0.5,0.4) },
E3 ={(e,0.7,0.8,0.9), (f,0.9,0.8,0.7)} and Ej = {(g,0.1,0.3,0.5)},
by Theorem 4.2, we get that n* =n and
7((a,0.1,0.2,0.3)) = n((b,0.3,0.2,0.1)) = {(a,0.1,0.2,0.3), (b,0.1,0.2,0.3) },
7((¢,0.4,0.5,0.6)) = n((d,0.6,0.5,0.4)) = {(¢,0.4,0.5,0.6), (d,0.4,0.5,0.6) },
7((e,0.7,0.8,0.9)) = n((f,0.9,0.8,0.7)) = {(e,0.7,0.8,0.9), (f,0.7,0.8,0.9) },
and 1((g,0.1,0.3,0.5)) = {(g,0.1,0.3,0.5) }.
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(a,0.1,0.2,0.3)
(b,0.3,0.2,0.1)

(e,0.7,0.8,0.9)
(¢,0.4,0.5,0.6)
(d,0.6,0.5,0.4)

(g,0.1,0.3,0.5)

FIGUurE 1. SVN-HG

Now, for i =0, we obtain the regular single—valued neutrosophic graph in Figure 2.

R
(n(9).0.1,0.3,0.5) & (04,08,09)
(n(c),0.4,0.5,0.6)

N
Q.%

(n(a),0.1,0.2,0.3)

FIGURE 2. Derivable SVN-G G/n for i =0

G/n is a reqular un—connected single—valued neutrosophic graph with 4 vertices and
3 edges. For i =1, we obtain G/n = K1 3 as Figure 3. G/n is a connected reqular
single—valued neutrosophic graph with 4 vertices and 3 edges. Moreover, for any
i > 2 graph G/ is isomorphic to null single-valued neutrosophic graph K 4(Figure

4)-

(n(g),0.1,0.3,0.5)

(n(a),0.1,0.2,0.3) (n(c),0.4,0.5,0.6) (n(e),0.7,0.8,0.9)

FIGURE 3. Derivable SVN-G G/n for i =1
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(n(a),0.1,0.2,0.3)  (n(g),0.1,0.3,0.5)

(n(c),0.4,0.5,0.6) (n(e),0.7,0.8,0.9)

FIGURE 4. Derivable SVN-G G/n for i > 2

Example 4.4. Let V = {a1,a2,a3,a4,as5}. Then consider the single-valued neu-
trosophic hypergraph H = (V| Ey, Es, E3, E4, E5) in Figure 5. Clearly n* =,
E; =1{(a1,0.2,0.4,0.6)}, E; = {(a2,0.4,0.6,0.6)}, E;, = {(a3,0.3,0.2,0.4)},
E;, ={(a4,0.8,0.9,0.1)} and E;, = {(a5,0.1,0.9,0.9)},
thus by Theorem 4.2, we obtain
1((a1,0.2,0.4,0.6)) = {(a1,0.2,0.4,0.6) },n((az,0.4,0.6,0.6)) = {(az,0.4,0.6,0.6)},
1((as,0.3,0.2,0.4)) = {(as,0.3,0.2,0.4)},7((a4,0.8,0.9,0.1)) = {(a4,0.8,0.9,0.1)}
and n((as,0.1,0.9,0.9)) = {(as,0.1,0.9,0.9)}.

FIGURE 5. SVN-HG

Now, fori =0, H/n = (n(V),{(n(a:), Ty, (n(a:)), Lye,) (n(a:)), Fyce,) (n(ai)) iz,

and we obtain the regular single—valued neutrosophic graph in Figure 6.

Theorem 4.5. Let G = (V,E, A, B) be a derivable single—valued neutrosophic
graph by a single—valued neutrosophic hypergraph H = (V, E = {v;, Tg, (v;), Ig, (v}),
Fr,(v;)}7,). Then
(0) [V/n| = V| and [E| = |E|;
(@) [V| > |VI;
(tid) if G = (V,E,A,B) is a connected single-valued neutrosophic graph and
[V| = |V, then x; = o;
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1(a1)0.2,0.4,0.6)

N /z
SN
N ‘g,

(0.1,0.9,0.9) n(as) (01,09.0.9) n(az2)(0.4,0.6,0.6)

) ~

o <©

= P S

SN N4 =

\'\\. ’0& =
(0.8,0.9,0.1) n(aq) a3)(0.3,0.2,0.4
(0.3,0.9,0.4) n(as) )

FIGURE 6. Derived cycle SVN-G K5

(iv) foranyl < j <m, Ty (v;) < Tp,(0), Iye (v5) = Ie, (v;) and Fy,) (v)

> Fg, (vj)'
Proof. (iii) Let |V| = |V|. Then for any z,y € V,n((z, Tg, (z), Ig, (z), Fg, (7)) #
n((y, Te, (v), Ir,(y), FE,(y))). Since G = (V, E, A, B) is a connected single—valued
neutrosophic graph, we get that for any z,y € V, |n((z, T, (), Ig, (), Fg,(x)))| =

n((y, Tr, (), I (v), Fr,(y)))| and so *; = *o.
0

Example 4.6. Let V = {ay,as,...,a,} and i = 0. Consider the discrete complete
hypergraph in Figure 7. Then it is easy to see that K = (V,{Ey, = {(vg, Tk, (v;), IE,

FIGURE 7. Joint complete SVN-HG K}

(vy), Fg, (1'7))}}2‘:11) is a discrete complete single-valued neutrosophic hypergraph,

where for any 1 <k <n, By = {(ar, 1/k, 1/k2,1/k>)} and E,yq = U Ey. Clearly
k=1
for any 1 < k < n, n(ax) = E5, = {(ar,1/k,1/k* 1/k*)}. Hence K /n* =

{nag) |1 <k <n}andso K}/n* 2 K,. Foranyl <k <n, we getTn(Ei)(n(ak),n(
ar41)) = (1/K)AL/(k+1) = 1/(k+1) < Ty, (n(@i)) ATy, (n(ars1)) . Therefore
for any n € N, K,, is a derivable single—valued neutrosophic graph.



New Math. and Nat. Computation Downloaded from www.worl dscientific.com
by MCMASTER UNIVERSITY on 03/20/18. For personal use only

Achievable Single—Valued Neutrosophic Graphs in Wireless Sensor networks 11

Theorem 4.7. Let G = (V,E, A, B) be a connected single—valued neutrosophic
graph. G is a self derivable single-valued neutrosophic graph if and only if G is a

single—valued neutrosophic complete graph.

Proof. Let V' = {a1,a2,...,a,}. If G is a single-valued neutrosophic complete
graph, then by Example 4.6, G is a self derivable single—valued neutrosophic graph.

Conversely, let G be a self derivable single—valued neutrosophic graph. Then by
Theorem 4.5, we get *; = *¢ and so for any =,y € G, n(x)*;n(y) = n(my) Thus
G = (V,E, A, B) is a derivable single-valued neutrosophic complete graph. O

4.1. Derivable cycle single—valued neutrosophic graph.
In this section, we consider derivable cycle single-valued neutrosophic graph and
show that C), is a derivable cycle single-valued neutrosophic graph if and only if

n € {3,4}.

Example 4.8. Consider the cycle single—valued neutrosophic graph Cy in Figure

8.
(0.2,0.8,0.3
(a2,0.2,0.1,0.3) ,08,03) (a1,0.9,0.8,0.1)
) N
(@] (e}
o~ o0
S S
o <
S S
(a3,0.3,0.2,0.1) (a4,0.4,0.3,0.2)

FicURE 8. Derived cycle SVN-G C4

Now introduce the single—valued neutrosophic hypergraph H in Figure 9. Clearly

(a,0.8,0.1,0.1)
(b1,0.2,0,0.3)

(a1,0.9,0.8,0.1)
(as,0.4,0.1,0.1)
(b2,0.5,0.3,0.2)

FIGURE 9. SVN-HG
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*

n=n",
n((a1,0.9,0.8,0.1)) = {(a1,0.9,0.8,0.1)},7((az,0.8,0.1,0.1)) =
{(a2,0.2,0.1,0.3), (b1,0.2,0.1,0.3)},7((as,0.3,0.2,0.1)) = {(a3,0.3,0.2,0.1)}
and n((as,0.4,0.1,0.1)) = {(a4,0.4,0.3,0.2), (bs,0.4,0.3,0.2)}.

By Theorem 4.2 and for i = 1, we obtain that H/n = Cjy.
Lemma 4.9. (Cs, A, B) is not a derivable single—valued neutrosophic graph.

Proof. Consider the cycle single-valued neutrosophic graph C5 in Figure 10, where
for any 1 S ] S 5 we have 0 S Tj +I] +F] S 3, Aj = (Tjj+1,[jj+1,Fjj+1) and 0 S
Tjj+1 + 1jj41 + Fjj41 < 3. Let Cs be a derivable single-valued neutrosophic graph

(a15T17117F1)

As A
(a5, Ts, Is, F5) (ag, Ty, Iz, F3)
A4 Ao
(aq, Ty, 14, Fy) (a3, T3, I3, F3)

FIGURE 10. Derived SVN-G C5

and H = (V,{E;};=1) be an associated single-valued neutrosophic hypergraph
with single-valued neutrosophic graph Cs. Since n(ay) *; n(az) = n(amag) and
n(a1) *; n(as) = n(aj),?(as)., we get k € N, By, Ey, E5 C H so that a1 € Eq,|F1| =
kyas € Es,|Es] = k +i,a5 € E5 and |E3| = k +i. On the other hand, n(as) *;
n(az) = n(as), n(az), nlas) =i n(as) = n(az), n(as) and y(as) *; n(as) =, implies
that there exist F,, E5 C H so that ag € E4,|E4| = |E1|, asa € Es and |E3| =
|Bs| = |Bs| = k +i. Since |In(as)] = [n(as)l| # i, |[n(as)] — In(as)l| = i and
|In(as)] = n(ar)|| = i, we get that n(as) *; n(as) = 0, n(as) i n(as) = n(as), n(as)
and n(aq) *;1(a1) = rj(amal). But H = (V, E), where E = {E1, Fy, E3, Ey, Es},
H/n* = Cs and |E/n*| = 6, which is a contradiction. Therefore C5 can not be a

derivable single valued neutrosophic graph. U

Proposition 4.10. Let 6 < n € N. Then (Cy,, A, B) is not a derivable single—

valued neutrosophic graph.

Proof. Since for any 6 < n € N, C,, is homeomorphic to (Cs, A, B), by Lemma 4.9,
(Cn, A, B) is not a derivable single-valued neutrosophic graph. O

Theorem 4.11. Let C,, = (V, E, A, B) be a cycle single—valued neutrosophic graph.
Then Cy, is a derivable single-valued neutrosophic graph if and only if n = 3 and

n=4.
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Proof. If n = 3, then C3 = K3 and so by Theorem 4.7, C5 is a derivable single—
valued neutrosophic graph. If n = 4, then by Example 4.8, C4 is a derivable single—
valued neutrosophic graph. By Proposition 4.10, the converse, is obtained. U

Corollary 4.12. Let G = (V, E, A, B) be a single—valued neutrosophic non—complete
graph in which has cycle. Then G = (V, E, A, B) is a non—-derivable single-valued
neutrosophic graph if and only if
(’L) G % 03 and G ;7_2 C4,'
(#) it contains a single—valued neutrosophic subgraph that is homeomorphic to
C,, where 3,4 # n.

Example 4.13. Consider the cycle single-valued neutrosophic graph Cg in Fig-
ure 11, where \y = (0.1,0.3,0.4), A2 = (0.2,0.4,0.5), A3 = (0.3,0.5,0.6),\, =
(0.4,0.6,0.7), A5 = (0.5,0.7,0.8) and X\¢ = (0.1,0.7,0.8). By Proposition 4.10, Cg

(a1,0.1,0.2,0.3)

6 A\

(a6,0.6,0.7,0.8) (a2,0.2,0.3,0.4)
As A2
(a5,0.5,0.6,0.7) (a,0.3,0.4,0.5)
A4 A3

(@4,0.4,0.5,0.6)
FicURE 11. Derived cycle SVN-G Cj

is not a derivable single—valued neutrosophic graph. Now we add some edges to Cg
as Figure 12, where A7 = (0.1,0.5,0.6), A\gs = (0.2,0.6,0.7) and A9 = (0.3,0.7,0.8).
Hence now we consider the single-valued neutrosophic hypergraph G = (V, {E}?:l)

(a1,0.1,0.2,0.3)

)\6 )\1
(a6,0.6,0.7,0.8) (a2,0.2,0.3,0.4)

)\5 A2
(as,0.5,0.6,0.7) (a3,0.3,0.4,0.5)

AL A3
(a4,0.4,0.5,0.6)

FIGURE 12. SVN-G 06/

in Figure 13. Clearly n*(a1) = {a1},n"(a2) = {az2,b1},n"(a3) = {as},n*(as) =
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(a1,0.1,0.2,0.3)
(b2, 0.4,0.5,0.6)
(a2,0.8,0.1,0.2)

(a6,0.7,0.3,0.8)
(b3,0.6,0.7,0.6)

FIGure 13. SVN-HG

{aq,b2},m*(a5) = {as},n*(ag) = {as,b3} and it is easy to compute that H/n* =
cyg.

In Example 4.13, we saw that Cg is not a derivable single—valued neutrosophic
graph, while we added some edges to this single-valued neutrosophic graph and
converted to a derivable single-valued neutrosophic graph. Duo to this problem we

will have the following definition.

Definition 4.14. Let G = (V,E, A, B) be a non derivable single-valued neutro-
sophic graph and i # 0. We will call non single—valued neutrosophic complete graph
G~ = (V,E”,A” B is an extended derivable single—valued neutrosophic graph
of G, if E7" is obtained by adding the least number of edges to E such that G~ be
a derivable single—valued neutrosophic graph. Also we will say G = (V, E, A, B) is

an extended derivable single-valued neutrosophic graph.

Example 4.15. By Example 4.13, cycle single—valued neutrosophic graph Cg is an

extended derivable single-valued neutrosophic graph.

Theorem 4.16. (Cs, A, B) is not an extended derivable single—valued neutrosophic
graph.

Proof. Since ¢ > 1, by Lemma 4.9, for any single—valued neutrosophic hypergraph
H = (V,E), where E = {E), Fy, E3, B4, E5}, we get that H/n* has a cycle of
maximum length 4. By adding any edges to Cj, since |V| is odd again, duo to
Lemma 4.9, we get that |E/n*| = 6, else all edges in H/n* be connected that

implies ¢ = 0, which is a contradiction. O

Corollary 4.17. Let k € N. Then Cap41 is not an extended derivable single-valued

neutrosophic graph.

Theorem 4.18. Let k € N. Then

(i) Cor, = (V,E”,A”,B”") is an extended derivable single-valued neutro-
sophic graph;
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(i) |E7| = k2.

Proof. (i,ii) Let V.= V1UVa, where Vi = {a1, a3, as,...,a2k-1}, Va = {a2, a4, as, . ..
,ag,} and for any 1 < j < 2k,e; = aj, a;51. Now for any j € {1,3,5,..., a1}
consider Ej so that a; € Ej, |E;| = kj, aj41 € Ej41 and |Ej4;| = k; +1, where k; €
N. A simple computation shows that H = (V,{Es = {(v;, Tx, (v;), Ir. (v;), Fr, (v;))}
}s=1) is a single-valued neutrosophic hypergraph, where V.= V U W and W is
any set so that |W| = i(n/2). Moreover,/by\deﬁnition of n*, we can see that
n*(a;) = E; and n*(a;) *; n*(a;41) = n*(a;),n*(aj41), whcnco/l\g j < 2k. Since
Vil = [Val = /2, for amy j # L (ay) # 0 (ages) = (@), 7 (age).r*(ay) %
n*(aj—1) = n*(a;),n*(aj-1), n*(ar)*im* (a2) = n*(ar),n*(a2) and ” (a1)*xin" (azk) =
n*(ay),n* (ask), we get that |[E7| = (2k/2)((2k)/2 — 2) + 2k = k2. O

4.2. Derivable single—valued neutrosophic trees.
In this section, we study derivable regular single-valued neutrosophic trees and
introduce Y-single-valued neutrosophic tree Ts which is not a derivable single—

valued neutrosophic tree.

Lemma 4.19. Y —single—valued neutrosophic tree Ty is not a derivable single—valued

neutrosophic graph.

Proof. Let V = {a1, as, as, as, as,a6}. Consider regular single-valued neutrosophic
tree T = (V,E,A,B) in Figure 14, where for any 1 < j < 6 we have 0 <
Tj+ 1+ Fy <3, Aj = (T, Lijrn Fjjpn) and 0 < Ty + Lija + Fjjen < 3.

NP
xb;\ }"‘)’\
PR
- o5
(a6, To, Is, F6) . Mg \&” N\ (a5, Ts, I5, Fs)

A\ A

(a27T27127F2)

(a17T17II7F1)

FIGURE 14. Y-SVN-T Tj

Let Y-single—valued neutrosophic tree Ts(Figure 14), be a derivable regular single—
valued neutrosophic graph and H = (V,{Es = {(v;, Tk, (v;), I, (v;), Fr, (v;))} }s=1)
be an associated single—valued neutrosophic hypergraph with regular single—valued
neutrosophic graph Y/fsi\nglefvalued neutrosophic tree Tg. Since for any 1 < j <4,

n(az) *i n(ag) = nlaz),n(a;), n(as) *i n(as) = nlas),nlas) and nlas) *; 1(as) =
n(as),n(ag), we get k € N, By, Fy, B35, B4 C H so that a; € Ep,|Ei| = k,aq €
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Es,|Ea| = k +i,a3,a4 € E3, |E3| = k+ 26 as,a6 € E4 and |Eyq| = k + 3i. Tt
follows that, n(as) *; n(as) = n(as),n(as) and n(as) *; n(as) = nlas),n(as), which
is a contradiction. Therefore Y —single—valued neutrosophic tree T5 can not be a

derivable single—valued neutrosophic graph. O

Theorem 4.20. Let T = (V, E, A, B) be a regular single—valued neutrosophic tree
and for any v € V,deg(v) < 2. Then T is a derivable single-valued neutrosophic
graph.

Proof. Leti € N,G = (V, E, A, B, ¥') be a regular single-valued neutrosophic graph
with no cycle, in such a way V = {a1,az2,...,a,} and E = {e1,e2,...,em}, where
m < n. Suppose that for any 1 < j # j' <m, e;;y = {a;,a; } = a; ¥ a;;. Define a
single-valued neutrosophic hypergraph G = (V, {E,}._,) as follows:

E; = {(aj, T, (aj), Ir, (a;), Fe,(a;))} U C) = {(a}, Tc, (a)), Ic, (a}), Fo, ()}

such that |C| = 1, for any 1 <1 < n, |Ci41| — |Ci| =1, for any 1 < 7, j’ < n we
have C; N Cjy1 =0 and Ta(v) = N\ (Te, (0) A Te, (), Ia(v) = \/ (e, (v) V I, (v))

and Fa(v \/(FE )V Fe,(v)). Tt is easy to see that for any 1 < j, 5/ < n,
|Ejt1] — |E| =i and E; N E; = (. A simple computation shows that V =
n

U (C; UV) and (V, {E}?:l) is a single-valued neutrosophic hypergraph. Clearly
j=1

for any 1 < j < n,n((a;,Tg,(a;), Iz, (a;), Fp,(a;))) = E; and since E; N E;; = (),
we get that G/n = {n(ay) = n((a;, T, (a;). I, (a;). Fr. (a;))) | 1 < j < n} and so
for any ¢ € N* obtain

n(ar) *in(as) = nar)nlas) it Ir o] =
r) *i s /Q)\ if "r—g|7§l

Now, define map ¢ : (G/n, *i) — G = (V, E) by ¢(n(a;)) = a; and ((n(a;), n(a;)))
=ejjr. Let aj,a; € V. If n(a;) = n(aj ), then |E;| = |Ejy| and so E; = Ej,. Thus
¢(n(a;)) = ¢(n(a;r)). Since for any 1 < j # j' < n,

p(n(a;) =inlay)) = e((nlaz),n(a;))) = ey = a; " aje = o(n(az)) " p(nla;)),
in other words, if 77(a;) and n(a;) in G/n are adjacent, then ¢(n(a;)) and ¢(n(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 any single—valued neutrosophic graph is
a derivable single—valued neutrosophic graph. O

Corollary 4.21. Let n < 5. Then T, is a derivable single—valued neutrosophic
graph.

Example 4.22. Let V = {a1,a2,a3,a4}, E = {e1,ea,e3}. Consider single-valued
neutrosophic tree Ty in Figure 15:
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(0.3,0.2,0.4)
®3°40$
(0.5,0.4,0.4) * (a4,0.5,0.1,0.4)

(a1,0.6,0.2,0.4) o e (a3,0.3,0.2,0.1)

(as5,0.7,0.4,0.3) ®

FiGure 15. SVN-T T}

10

For any arbitrary set B = U b; where for any j, j' have aj # b, define a single—
i=1

valued neutrosophic hypergraph G = (V,{E;}) in a way that

Fr = {(a1,0.9,0.1,0.2)} U {(b1,0.6,0.2,0.4)}, B3 = {(a2,0.8,0.1,0.1)} U
{(b2,0.3,0.1,0.1), (b3,0.9,0.2,0.1)}, B5 = {(a3,0.7,0.2,0.1)} U

{(b4,0.8,0.1,0.1), (b5,0.7,0.1,0.3), (bs,0.9,0.4,0.2)} and E; = {(as,0.5,0.1,0.2)}
U{(b7,0.8,0.1,0.3), (bs,0.9,0.1,0.1), (bg, 1.0.1,0.2), (b10,0.9,0.1,0.4)}.

Hence consider the single-valued neutrosophic hypergraph G =
Figure 16. By Theorem 4.20, for «; = %1 and any 1 < j < 4,n(a;)

—~~

N~ o~ # N N N~ ~ o~ o~
NN M A —
OOOO"_"\ S o o o S o O
— o~ = & = N~ = — =
S S S 3 S S S S SIS
w6 O i ] ©Q o3 o
DOO.\O“ S o o o S o o
~ -~ « o = NSNS S
< 1C » < )

S S = g 3L L s 88
N S’ S N N S’ N N

(a1,0.9,0.1,0.2)
(b1,0.6,0.2,0.4)

FIGURE 16. SVN-HG

G/n = ({nla1),n(az),nlas),n(as)}, {{n(a1),n(az)}, {n(az),n(as)}, {n(as),n(as)}})

is a single valued neutrosophic tree in Figure 17. It is easy to see that Ty = G/n
and so Ty = (V, E, A, B) is a derivable single—valued neutrosophic graph. Moreover,
for any 2 <1i € N, we can construct another associated single-valued neutrosophic

hypergraphs of single—valued neutrosophic graph G.
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(0.3,0.2,0.4)

(p(a1),0.6,0.2,0.4) e e (p(az).0.3,0.2,0.1)

(p(as),0.7,0.4,0.3) ® e (p(as),0.5,0.1,0.4)

FIGURE 17. Derived SVN-G for i =1

Theorem 4.23. Let T,, = (V, E, A, B) be a reqular single—valued neutrosophic tree
which is not contain a single—valued neutrosophic subtree, that is homeomorphic to
Y —single—valued neutrosophic tree Tg and n > 6. Then T, is a derivable single—

valued meutrosophic tree.

Proof. Let V = {a1,aq9,...,a,}. We rearrange the regular single-valued neutro-
sophic tree T by n—1 > d, > ... > d3 > da > di, where d; = deg(a;). Since
deg(a1) = di, we get that aji, a2, ..., a4, -1, F1, B2 so that a1 € E1,aj1,4a52,. ..,

aja,—1 € B and ||Ey| — |Es|| = i. By Lemma 4.19, for any 1 < j’' < dy — 1,
deg(aj;) = 1 and by rearrangement ajq, = ag. If deg(a;q,) = 1 the proof is ob-
tained. If deg(ajq,) > 1 in a similar way, there exist ar1,ar2,...,0jdo—1, E3, E4
so that as € FEs,a.1,a009,...,0rq,-1 € F4 and HEg\ — \E4|’ = ¢. By Lemma
4.19, for any 1 < 7' < do — 1, deg(a;») = 1 and by rearrangement a,q, =
as. If deg(arq,) = 1 the proof is obtained. If deg(a.q,) > 1 we can continue.
Since |V| < oo, then this process stops. A simple computation shows that H =
(VUV' {Es = {(a;,TE.(a;), g, (a;), Fg,(a;))}}s=1) is a single-valued neutro-
sophic hypergraph, where for any 1 < j < n, (7*(a;), Ty«(a;)> In* (a;)> Fi*(a;)) and
(ajs Tays Loy Fay) Tyegayy = Tays Iy (ay) = Loy and Fye(q;) = Fu;. By Theorem 4.20,
H/i* = (Ty, A, B). O

Corollary 4.24. Let T = (V, E, A, B) be a regular single—valued neutrosophic tree.
Then T = (V, E, A, B) is a non—derivable single—valued neutrosophic graph if and
only if it contains a single valued neutrosophic subtree that is homeomorphic to

Y —single—valued neutrosophic tree (Tg, A, B).

Example 4.25. Consider the single—valued neutrosophic tree T5 = (V, E, A, B) in
Figure 18. Now construct the single-valued neutrosophic hypergraph H in figure
19. By Theorem 4.20, for *; = %1, we have
n*(a,0.4,0.5,0.6) = {(a,0.4,0.5,0.6)},1*(b,0.1,0.2,0.3) = {(b,0.1,0.2,0.3), (b1,
0.1,0.2,0.3)},7%(¢,0.7,0.8,0.9) = {(¢,0.7,0.8,0.9), (b2,0.7,0.8,0.9) },n*(d, 0.2,
0.4,0.6) = {(d,0.2,0.1,0.3), (b3,0.2,0.1,0.3)} and n*(e,0.3,0.5,0.7) = {(e, 0.4,
0.5,0.6), (b4,0.4,0.5,0.6) }.

So H/n* = (T5,V,E, A, B) and so (Ts,V, E, A, B) is a derivable single-valued neu-
trosophic tree.
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(0.3,0.5,0.7)

(a,0.4,0.5,0.6)

(e,0.3,0.5,0.7)

(0.2,0.5,0.6)

(6,0.1,0.2,0.3) (¢.0.7,0.8,0.9)

(d,0.2,0.4,0.6)

FiGure 18. SVN-T T3

S \/a= B\ /=Y /eor
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<t ~ b~ 0 < ™M
S S S s\ ss |\ s
= Sy S/I\NZE/\LS

Ficure 19. SVN-HG

Theorem 4.26. Let T = (V,E, A, B) be a single-valued neutrosophic tree and
i€ N*. If H= (V,{E,},) is a single—valued neutrosophic hypergraph of single—
valued neutrosophic tree T, then A(V/n*) = |E| —i.

Proof. Let V = {a1,az,...,a,}, for any 1 < j < n,deg(a;) = d; and A(G) = dp,
where 1 < p < n. Set Fy = {a,},E2 = {a; | j # p and aj,a, # f]j} so that
|Es| =i+ 1,E, = {ak | ar € E1 U Es} and |Ex| = 1. A simple calculation shows
that H = (V,{FE;}) is a single-valued neutrosophic hypergraph. Since |V| = n, we
get [{E;; |E;| =1} = n— (i + 1) and so single-valued neutrosophic hypergraph
H = (V,{E;};) has (n — i) hyperedges. It is easy to see that

V/n* ={n"(ap),n" (ar),n"(ar’) | ax € Ex,arr & E1U Es},

|n*(ay)| = 1, for any ay € Ej we have |n*(ar)| = ¢+ 1 and for any a & F1 U
B, [n* (ar)

= 1. So for any r # 1/,

[) if {a,,a,} C By U By, U By,
n(ar) *i n(ap) = — .
n(ar),n(a,) otherwise.
Since |V| = n and T is a single-valued neutrosophic tree, we get that [E| =n —1
and so A(V/n*)=n—i—1=|E| —1i. O
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Example 4.27. Let V = {1,2,3,4,5,6,7}. Consider single—valued neutrosophic
tree T = (V,E, A, B) in Figure 20. Since A(T) = 4, we obtain *; = 3 and the

(2,0.2,0.3,0.4)
(6,0.6.0.7,0.8)

(4,0.4,0.5,0.6)

(1,0.1,0.2,0.3)

(0.1,0.5,0.6)

—~
©
=
3
S
)
S
~—

(0.4
' ;06’
! 107)

(5,0.5,0.6,0.7)

w

(3,0.3,0.4,0.5)
FIGURE 20. SVN-T T

single—valued neutrosophic hypergraph in Figure 21. Hence V/n* is a single—valued

(—~ ~—~ /— 8 — —
N S 0 >
o O O O LO'\ o o
o~ = > e~ o0
o O O O ﬁ: o (@)
© a8 o~ S =3 =
o O O O ﬁ“'\ o o
SR = < =

FIGUrE 21. SVN-HG

neutrosophic tree with 4 vertices and 3 edges such that A(V/n*) = 3 (Figure 22).

Corollary 4.28. Let n € N.

(1) If n =2, then any single—valued neutrosophic tree T, is not a self derivable
single—valued neutrosophic graph;

(i) C, is not a self derivable single—valued neutrosophic graph.

Proof. (i) Let |V| =n, T, = (V, E) and T;, be a self derivable single-valued neutro-
sophic graph. By Theorem 4.26, T;, is a self derivable single—valued neutrosophic
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n*(1)

n*(7) n*(6) n*(4)

FIGURE 22. Derived SVN-G G/n* for i =3

graph if and only if |E| — 4 = |E| if and only if i = 0. By Theorem 4.7, must
T, = K,, where is a contradiction.

(#i) Since Cy, has cycle, by Theorem 4.7, is clear. O

4.3. Derivable single—valued neutrosophic complete graphs.
In this section, we consider regular single-valued neutrosophic complete graphs,
regular single—valued neutrosophic complete bigraphs and we investigate their as-

sociated single-valued neutrosophic hypergraphs.

Theorem 4.29. Let G = (V,E, A, B) be a derivable single—valued neutrosophic
complete graph via associated single-valued neutrosophic hypergraph H and |V| = n.
Then

(¢) if H is a discrete complete single—valued neutrosophic hypergraph, where
their hyperedges are 2 < k-hyperedge, then x; = xq;

(#4) if H is a discrete complete single—valued neutrosophic hypergraph, where
their hyperedges are 2 < k-hyperedge, then |H| = kn.

Proof. Clearly H/n = G.
(1) Since H/n is a single—valued neutrosophic complete graph, we get that for
any 77(:177 Tk, (‘T)v Ig, (T)v Fg, (l)): 77(1% Tg, (y)v I, (y)7 Fg, (y)) € H/777

7](.’1?, TEi (LIJ), IE:‘, (56)7 FE« (I)) *i 77(% TE;, (y)7 IET. (y)7 FEq (y))

-

=n(z,Te,(x), g, (x), Fe,(2)),n(y, Te: (y), 15, (y), Fr, (y))
and so |[n(z, g, (2), Ip, (2), Fp,(2))| = In(y, Te: (y), I5.(y), FE.(y))|] = i. On the
other hand, H is a discrete complete single—valued neutrosophic hypergraph, where
2 < k-hyperedse, then for any (z, T, (¢), I, (x), s, (2)).n(y, T, (), I (1), Fis, (y
) € Hin,n(z, Te,(x), 1g,(x), Fe, ()| = |0y, Te;(y), 12, (), Fe.(y))| = k. It
(@, Te, (2), Ie, (2), Fe, ()] = In(y, Te, (), e, (v), Fe, @)l =

follows that i = |
|k — k| =0.

<”) Since for amny 7](.’E, TEz (.CL'), IE1 (.’L‘), FEz (1’)), 77(3/7ITE1 (y)a IEl (y), FEl (y)) S I'I/’f]7
In(x, Tg. (x), Ig,(z), Fg,(x))| = |1n(y, T, (y), I8, (y), FE,(y))| = k and n = |H/n| =
|H|/|n|, we get that |H| = n|n| = nk. 0
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Theorem 4.30. Let H = (V,{E; = {(a;, Tk, (a;), Ig, (a;), Fg,(a;))}}™,) be a dis-
crete complete single—valued neutrosophic hypergraph, where 2 < r-hyperedge and
|H| =rn. Then

(7) if %, = o, then its derivable single-valued neutrosophic graph is isomorphic
to regular single—valued neutrosophic complete graph K, ,,.;

11) if for n € N x; = x,,, then its derivable single—valued neutrosophic graph is

N then its derivable singl lued t hi h i

isomorphic to single~valued neutrosophic complete graph K, I

Proof. Since H is a discrete complete single—valued neutrosophic hypergraph, where
2 < r-hyperedge, then for all n(x) = n(z, T, (x), I, (v), Fg, (z)),n(y) = n(y, Tk, (y),
IE,(y), Fe,(y)) € H/n,|n(z)| = [n(y)| = r. o

(i) If % = =o, then for any n(z),n(y) € H/n,n(x)*o n(y) = n(x),n(y). Since
|H| = n we get that |H/n| =n/r.

(#i) If for any n € N, %; = x*,, then for any n(z),n(y) € H/n,n(x) *, n(y) = 0.
Hence H/n is null single-valued neutrosophic graph and |H| = n implies that
(/| = n/r. 0

Theorem 4.31. Let G = (V,E, A, B) be a derivable reqular single—valued neutro-
sophic graph by *; = %o and |V| =n. Then
(?) if G = (V,E, A, B) is a connected single—valued neutrosophic graph, then
there exists n € N* so that G = K,,,
(%) if G = (V,E, A, B) is a non—connected single-valued neutrosophic graph,
then all connected components of G as G' are isomorphic to Kj or K
whence, 1 <k <n e N*.

Proof. Since G = (V,E, A, B) is a derivable regular single-valued neutrosophic
graph, then we have a single-valued neutrosophic hypergraph
H = (V. {E; = {(a;, TE,(a;), Ip,(a;), Fe,(a;)) } }i21)
as associated single-valued neutrosophic hypergraph to G, where m > n, T, g,)(n(z))
= Ta(2), Iy (n(2)) = Ia(z) and Fys,)(1(2)) = Fa(z).
() Since G = (V, E, A, B) is a connected derivable regular single-valued neutro-
sophic graph, |V| = n and *; = %o, we get that there exist aj,as,...,a, € H so

that for any 1 < j,7" < n,n(a;) *; n(az) = nla;),n(a;).

(17) Since G = (V,E, A, B) is a non—connected derivable single-valued neu-
trosophic graph, then there exist ay,...,a, € H such that for any 1 < 5,5/ <
n, [n(a;)| # [n(a;)| or [na;)| = In(a; )| Let 1 <1 <m and Py = {n(a;) | In(a;)| =

[}, then for any 1 < I < m, it is easy to see that Z(l.|731|) =m. If G’ be a
=1
connected components of G, then there exists 1 <1 <m so that G' = Kp,|.

O
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Theorem 4.32. Let m,n € N. Then for any 1 < ¢ there exists a partitioned
single—valued neutrosophic hypergraph H such that H/n = K, n, where Ky, n is a

reqular single—valued neutrosophic complete bigraph.

Proof. Let 1 < i. Then we consider ¢ € N and a partitioned single valued neu-
trosophic hypergraph H = (V,{E;};), where has hyperedges E1, s, ..., E,, that
for any 1 < j < m, |E;| =t and hyperedges E,,11, Em12, ..., Enin that for any
m+1<j<n,|Ej|=t+1 Letforany 1 <j<m,
Ej = {(ajl'a TEz (a})7 IEl (a})7 FEz (a]l))a (a_??TEi (CL?), IEz ((I?)a FEz (a;))a
B} (CL;, TEz (a§)7 IEl (a§)7 FE1 (aé))}
and for any m+ 1 < j <n+m,
Ej = {(ajl‘v TEi (agl')v IEi (a;)a FEi (a}))' (agzv TEi(a?)7 IEi (a?)a FEi (a?)),
- (a3, Tp, (a7, Ip, (a™), Fp,(a;™))}.
A simple calculation shows that for any 1 < j < m, for any 1 < j' <,
77((“; aTEz(az )aIE1 (aé )’FEz (ag ))) N\ {(a;aTEz(agl)aIEz (G’Jl)aFEz (a’jl))7
(a§7TE1(a’?)7 IEz(a’i)) FE’L ((L?)) Y (az’a TE?,(CL;)’ IEz (CL;), FEz (CI‘;))}
and for any m+1 <1l <n+m, for any 1 <I' <t+1,
ﬂ((af 7TEi(a; )7IEi (a’l )7FEi (a% ))) = {(allvTEi(all)lei (all)vFEi (all))a
(Cle, TEi(alQ)v I, (a’lz)ﬂ Fg, (CLZQ)): ) (af+i7 TEi(a;+i)7 IE, (a;FH')’ Fg, (CLTH))}
So
H/n = {n((aalw Tk, (a}")v I, (a}")a Fp, (a}’)))’ n((a;7 Tk, (aals)7
I, (al), Fg,(a))) |1 <r<mand m+1<s<n+m},

whence for any 1 < r < m,|n((al, Tg,(al), Ig,(al), Fg,(al)))] = t and for any
m+1< s < n+m,n(al,Tg(al), I, (al), Fg,(al)))| = t + 4. Thus for any
1 <r <m, and for any m+1 < s < n -+ m we have

n((ar, Te, (ay), Ir, (ay), Fp,(a;))) i n((as, Tr, (a5), Ir, (as), Fr, (a3)))

o —

- 77((@71«, TEi(a}")v IEi (CL%), FE«; (a%)))’ n((aia TEi (ai)v IE1 (ai)v FEi (a}q)))v

for any 1 < r < m,
n((a}, s, (a}), I, (a}), Fr,(a})) s n((a, Tr,(a}), I, (ab), Fis, (al))) =
and forany m+1<s<n+m,
n((at, T, (a}), Ir,(a}), Fr,(a}))) *i n((a}, Tr,(a}), I, (ab), Fi,(a}))) = 0.

Therefore H/n = (K n, A, B). O
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5. Wireless sensor (hyper)networks and achievable single—valued
neutrosophic (hyper)graphs

In this section, we describe some applications of achievable single—valued neu-
trosophic graphs.

The study of complex networks plays 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
networks do not provide a complete description of the real-world systems under
investigation. For instance, WSN is undergoing intensive research to overcome its
complexity and constraint challenges in terms of storage resources, computational
capabilities, communication bandwidth, and more importantly, power supply [8].
The main components of a sensor node and its associated energy consumption are
discussed. Typically, sensor nodes are grouped hierarchically in clusters (sections),
and each cluster has some nodes that acts as the cluster head (CH). All the nodes
forward their sensor data to the CH, which in turn aggregates data reports and
routes them to a specialized node called the sink node or base station (BS). A
natural way of representing these systems is to use hypergraphs. Hyper—edges in
hypergraph 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 who 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 rep-
resent 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 these representations still are unsuccessful to deal with all
the competitions of world, for that purpose SVN-HG are introduced. Now, we dis-
cuss applications of SVN-HG for studying the competition along with algorithms.
The SVN-G has many utilizations in different areas, where we by using the especial
equivalence relations connect SVN-G and SVN-HG. We will show some examples

of complex systems for which hypergraph representation is necessary.

Example 5.1. Let X = {a,b,c,d,e, f,g,h,i,5,k,l,m,n,o} be a WSN and a,b,c,d, e
s feg,hyi g,k 1, myn, 0 be nodes of its. These nodes create some groups as E; =
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TABLE 1. DRE, DSRA and DR of WS-HN

Node | Truth-membership | Indeterminacy—membership | Falsity—membership
a 0.6 0.2 0.3
b 0.9 0.2 0.4
c 1 0.2 0.2
d 0.2 0.3
e 0.2 0.5
f 0.8 0.3 0.2
g 0.9 0.2 0.2
h 0.8 0.2 0.4
i 1 0.5 0.8
J 0.9 0.2 0.2
k 0.4 0.2 0.2
l 1 0.8 0.2

m 1 0.2 0.8
n 0.7 0.8 0.5
o 0.4 1 1

{a,b,c,d,e}, Fa = {f,g,h,i}, Es = {j,k, 1}, Ex = {m,n} and Es = {o}. Let,
the degree of remaining energy (DRE) in the WSN of a is 60/100, degree of sen-
sor remaining alive(DSRA) is 20/100 and degree of reliability (DR) s 30/100, i.e.
the truth-membership, indeterminacy—membership and falsity—membership values
of the vertex human is (0.6,0.2,0.3). The degree of remaining energy, degree of
sensor remaining alive and degree of reliability of WSN is shown in the Table 1.

Consider the clustering for wireless sensor hypernetwork H = ({a, b, ¢, d, e, f, g, h,
i,59,k,l,m,n,0},{F1, E2, E3, Ey, E5}) in Figure 23. Clearly

7" ((a,0.6,0.2,0.3)) = {(a,0.6,0.2,0.5), (b,0.6,0.2,0.5), (¢,0.6,0.2,0.5),
(d,0.6,0.2,0.5), (¢,0.6,0.2,0.5)},7*((f,0.8,0.3,0.2)) = {(f,0.8,0.5,0.4),
(¢,0.8,0.5,0.4), (h,0.8,0.5,0.4), (4,0.8,0.5,0.4) }
7°((4,0.9,0.2,0.2)) = {(j,0.4,0.3,0.2), (k, 0.4,0.3,0.2), (1,0.4,0.3,0.2)},
7" ((m,1,0.2,0.3)) = {(m,0.7,0.3,0.5), (n,0.7,0.3,0.5) } and
n*((0,0.4,1,1)) = {(0,0.4,1,1)}.
So we obtained the single—valued neutrosophic graph in Figure 24, where Ay =
(0.6,0.5,0.5), Ay = (0.4,0.5,0.4), A3 = (0.4,0.3,0.5) and Ay = (0.4,1,1). By Figure
24, for society X, we have b representatives n*(a), n*(f),n*(j),n*(m) and n*(o)

where the likeness, indeterminacy and dislikeness of contribution in the business

relationships of group of this society is equal share and is shown in the Table 2.
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(i,1,0.5,0.3)

(h,0.8,0.2,0.4)
(9,0.9,0.2,0.2) (1,1,0.3,0.2)
(£,0.8,0.3,0.2) (k,0.4,0.2,0.2)

(4,0.9,0.2,0.2)

(e,1,0.2,0.5)

(d,1,0.2,0.3) (n,0.7,0.3,0.5)
(c,1,0.2,0.2) (m,1,0.2,0.3)
(b,0.9,0.2,0.4)

(a,0.6,0.2,0.3)

FIGURE 23. Clustering for wireless sensor hypernetwork (WS—HN)

(n*(a),0.6,0.2,0.5)

(n*(0),0.4,1,1) (n*(f),0.8,0.5,0.4)
A2

(°(4),0.4,0.3,0.2)

A4
(% (m).0.7,0.3,0.5)
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FIGURE 24. Clustering of wireless sensor network(WSN)

TABLE 2. DRE, DSRA and DR of WSN

Cluster head | Cluster head | Truth | Indeterminacy | Falsity
n*(a) n*(f) 0.6 0.5 0.4
n*(f) n*(5) 0.4 0.5 0.4
n*(4) n*(m) 0.4 0.3 0.5
n*(m) n"(0) 0.4 1 1

Example 5.2. Let X = {a,b,c,d,e, f,g,h} be a WSN and a,b,c,d,e, f,g,h be
nodes. These nodes create some groups as By = {a,b}, Ex = {c,d}, E5 = {e}, E, =
{f} and E5 = {g,h}. Let, the degree of stability period and network lifetime
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TABLE 3. DSPNL, DECT and DCT of WS-HN

27

Node | Truth-membership | Indeterminacy—membership | Falsity—membership
a 0.7 0 0.1
b 0.8 0.2 0.3
c 0.4 0.4 0.4
d 0.3 0.4 0.5
e 0 0.1 0.2
f 0.2 0.3 0.4
g 0.5 0.5 0.5
h 0.6 0.7 0.7

(DSPNL) of d is 30/100, degree of energy consumption and throughput (DECT)
is 40/100 and degree of computational time (DCT) is 50/100, i.e.

membership, indeterminacy-membership and falsity—membership values of this node

the truth—

is (0.3,0.4,0.5). The degree of stability period and network lifetime, degree of en-

ergy consumption and throughput and computational time this WSN is shown in

the Table 3.

Consider the energy of wireless sensor hyper—network is illustrated in Figure 25.

Since

FIGURE 25. Energy of wireless sensor hypernetwork(WS-HN)

n*((a,0.7,0,0.1)) = {(a,0.7,0.2,0.3), (b,0.7,0.2,0.3)},

£,0.2,0.3,0.4)

(e,0,0.1,0.2)

on
2
)
ﬁ‘f‘\
)
o)
)
s
~—

(a,0.7,0,0.1)

(,0.8,0.2,0.3)

n*((c.0.4,0.4,0.4)) = {(c,0.3,0.4,0.5), (d,0.3,0.4,0.5)}
7((e,0,0.1,0.2)) = {(e,0,0.1,0.2)}, n*((f,0.2,0.3,0.4)) = {(£,0.2,0.3,0.4)}

and 1*((g,0.5,0.5,0.5)) = {(g,0.5,0.7,0.7), (h,0.5,0.7,0.7)}.

So we obtained the single-valued neutrosophic graph in Figure 26. By Figure 26,

for society X, we have 5 representatives n*(a),n*(c),n*(e),n*(f) and n*(g) where
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n*(f,0.2,0.3,0.4) n*(e,0,0.1,0.2)

n*(a,0.7,0.2,0.3) n*(c,0.3,0.4,0.5) n*(g,0.5,0.7,0.7)

FIGURE 26. Energy of wireless sensor network(WSN)

TABLE 4. DSPNL, DECT and DCT of WSN

Cluster head | Cluster head | Truth | Indeterminacy | Falsity
n*(f) n*(a) 0.2 0.3 0.4
7*(f) n*(c) 0.2 0.4 0.5
n*(f) n*(g) 0.2 0.7 0.7
n*(e) n*(a) 0 0.2 0.3
n*(e) n*(c) 0 0.4 0.5
n*(e) n*(g) 0 0.7 0.7

the likeness, indeterminacy and dislikeness of trophic relations between species of

group of this society is shown in the Table 4.

6. Conclusion

The current paper considered the concept of single—valued neutrosophic hyper-
graphs as a generalization of single-valued neutrosophic hypergraphs via n, as pos-

itive relation on single—valued neutrosophic hypergraphs. Moreover

(¢) It is considered single—valued neutrosophic hypergraphs corresponding to
wireless sensor hypernetworks such that vertices (V') represent the sensors
and the set of links (E) represents the connections between vertices.

(#9) Using the relation n*, is constructed G/n* as sensor clusters and via this
quotient single—valued neutrosophic hypergraph the concept of (self) deriv-
able single—valued neutrosophic graph and extended derivable single-valued
neutrosophic graphs is introduced.

(747) It is obtained an equivalent condition that a single-valued neutrosophic

graph is a non—derivable single—valued neutrosophic graph.
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(iv) The concept of intuitionistic neutrosophic sets provides an additional pos-
sibility to represent imprecise, uncertain, inconsistent and incomplete in-
formation which exist in real situations. In this research paper, we have de-
scribed the concept of single-valued neutrosophic graphs. We have also pre-
sented applications of single—valued neutrosophic hypergraphs and single—

valued neutrosophic graphs in wireless sensor network.

We hope that these results are helpful for further studies in single—valued neu-

trosophic graph theory. In our future studies, we hope to obtain more results re-

garding single—valued neutrosophic graphs, single-valued neutrosophic hypergraphs

and their applications.
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