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Abstract. This paper introduces the concept of Directed Single Valued Neutrosophic Graphs (DSVNG) and
explains how to determine the degree and total degree of vertices, considering both indegree and outdegree,
along with the maximum and minimum degrees of a DSVNG. The properties of these aspects are analyzed
through examples. Additionally, the paper identifies the effective edges of a DSVNG and explores the effective
indegree, effective outdegree of vertices, as well as the effective maximum and minimum degrees in relation to

indegree and outdegree with examples.
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1. Introduction

The Neutrosophic Set [6], introduced by Smarandache, is an effective tool for managing
incomplete, indeterminate, and inconsistent information in real-world scenarios. A neutro-
sophic set is defined by three independent membership degrees: truth (7"), indeterminacy (1),
and falsity (F'), each ranging within the real standard or nonstandard unit interval (0=, 17).
When these degrees are confined to the real standard unit interval [0, 1], neutrosophic sets
become more applicable to engineering problems. Wang et al. [4] introduced the concept of
a Single-Valued Neutrosophic Set (SVNS), a subclass of the neutrosophic set, to facilitate its
application. They also proposed interval-valued neutrosophic sets [5], where the truth, inde-
terminacy, and falsity membership degrees are represented as intervals rather than single real
numbers. Neutrosophic sets and their extensions, such as SVNS, interval neutrosophic sets,
and simplified neutrosophic sets, have found applications in a broad range of fields, including

computer science, engineering, mathematics, medicine, and economics.
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A directed fuzzy graph is a mathematical structure that extends the concept of a traditional
graph by incorporating the idea of fuzziness into the relationships between vertices. In a di-
rected fuzzy graph, each edge has a direction and is associated with a membership value that
indicates the strength or degree of connection between two vertices. This membership value,
typically ranging between 0 and 1, allows the graph to represent uncertainty, imprecision, or
partial relationships in a network. Directed fuzzy graphs are particularly useful when the
connections between elements are not strictly binary but instead possess varying degrees of
strength, such as in social networks, decision-making processes.

A Single-Valued Neutrosophic Graph (SVNG) is an advanced generalization of fuzzy and
intuitionistic fuzzy graphs, designed to model more complex and uncertain relationships. In
an SVNG, each edge is characterized by three independent membership degrees: truth (7°),
indeterminacy (I), and falsity (F'). These degrees are real values within the interval [0, 1], al-
lowing the graph to represent not only the certainty and strength of a relationship (as in fuzzy
graphs) but also the degree of indeterminacy or ambiguity. This makes SVNGs a powerful tool
for handling incomplete, inconsistent, and uncertain information in various applications, such
as decision support systems, knowledge representation, and network analysis. The ability to
separately account for truth, indeterminacy, and falsity provides a more flexible environment
for modeling real-world problems.

In section 2, basic definitions related to neutrosophic sets and graphs are provided. Section 3
introduces the concept of Directed Single Valued Neutrosophic Graphs (DSVNG) and explains
how to determine the degree, total degree of vertices in terms of indegree and outdegree, as
well as the maximum and minimum degrees of a DSVNG. Their properties are analyzed with
examples. In section 4, the effective edges of a DSVNG are identified, and the effective inde-
gree, effective outdegree of vertices, as well as the effective maximum and minimum degrees

of a DSVNG in relation to indegree and outdegree, are explored with examples.

2. Preliminaries

In this section basic definitions related to neutrosophic sets and graphs are provided.

Definition 2.1. [2] A neutrosophic set N for an universe X is defined as N =
{{z,Tn(x), In(2), Fn(7)) + @ € X}, where Ty, Iy, Fy denotes the truth, indeterminacy and
falsity membership functions respectively from X to (07,1%) such that 0~ < supTn(z) +
sup In(x) + sup Fy(z) < 31. The set of all neutrosophic set over X is denoted by N (X).

Definition 2.2. [4] A single valued neutrosophic set is a neutrosophic set in which the truth,
indeterminacy andfalsity membership functions are Ty, In, Fn respectively, and they are from
X to [0,1].
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Definition 2.3. [1] A directed fuzzy graph is a fuzzy graph in which the edges are ordered

pair of vertices.

Definition 2.4. [3] A single valued neutrosophic graph (SVN-graph) with underlying set V'
is defined to be a pair G = (A, B) where

(1) The functions T4 : V' — [0,1],/4 : V — [0,1], and F4 : V — [0, 1], denote the degree of

truth, indeterminacy and falsity membership of the element v; € V, respectively, and
0 < Ty(vi) +Ia(vi) + Fa(vi) <3
for all v; € V.

(2) The functions Tp : E C V xV — [0,1],Ip : E CV xV — [0,1], and Fp : E C
V x V. — [0,1], denote the degree of truth, indeterminacy and falsity membership
of the element (v;,v;) € E, respectively such that Ts(vi,v;) < min(Ta(vs),Ta(vy)),
Ip(vi,vj) > max(Ia(vs), 1a(vy)), Fp(vi,vj) > max(Fa(vi), Fa(vs)) and

0 < Tg(vi,vj) + Ip(vi,vj) + Fp(vi,vj) < 3

for all (v;,v;) € E.
3. Directed Single Valued Neutrosophic Graphs

In this section the concept of Directed Single Valued Neutrosophic Graph is introduced and
degree, total degree of vertices with respect to indegree and outdegree, maximum degree and

minimum degree of DSVNG are estabilished and their properties are analysed with example.

Definition 3.1. A directed single valued neutrosophic graph(DSVNG) 5(14, B) is a single
valued neutrosophic graph(SVNG) in which the edges are ordered pair of vertices.

Definition 3.2. Let @(A, B) be a DSVNG. Then the indegree of a vertex v; € V' is denoted
by d~(v;) = (dp(vi),d} (vi), dp(v;)) where dj(v;) = Zvj—u;eE T (v;v;) denotes the indegree of
truth membership of vertex v;. dj (v;) = Zme 5 Ip(0;0;) denotes the indegree of indeter-
minacy membership of vertex v;. dp(v;) = voen k. B(0;0;) denotes the indegree of falsity

membership of vertex v;.

Definition 3.3. Let é(A, B) be a DSVNG. Then the outdegree of a vertex v; € V' is denoted

by dF(v;) = (df:(vi), df (vi), df(vi)) where df(v;) = srer TB(0iv;) denotes the outdegree
of truth membership of vertex v;. d?(vi) =2 oweE I(v;v7) denotes the outdegree of indeter-

minacy membership of vertex v;. df(v;) = Fp(v;v7) denotes the outdegree of falsity

viv;ER

membership of vertex v;.
Definition 3.4. Let a(A,B) be a DSVNG. Then the degree of a vertex v; € V is d(v;) =
d™(v;) +d*(vi) = (dp(vi) + dp(vi), dy (vi) + df (v3), dpp(vi) + d(v)).
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Definition 3.5. Let 6(14, B) be a DSVNG. Then the total indegree of a vertex v; € V is
td™(v;) = (td(vs), td; (vs), tdp(vs)) where

tdp(vi) = Y T(0;0}) + Ta(vi)

U0 EE

tdy (vi) = Y Ip(U507) + La(vi)
v eE

tdp(vi) = Y F(Uj0;) + Fa(vi)
v;0,€E

tdy(vs), tdy (vi), td(v;) denotes the total indegree of truth, indeterminacy, falsity member-

ship of vertex v; respectively.

Definition 3.6. Let (_f(A, B) be a DSVNG. Then the total outdegree of a vertex v; € V' is
tdt (v)=(td}(v;), tdf (vi), tdp(v;)) where

tdf(vi) = Y Tr(viv;) + Ta(vi)

U0 €EE

tdf (vi) = Y Ip(©v;) + La(vi)
v €E

tdfi(vi) = Y Fp(i;) + Fa(vi)
v €E

td} (v;), td} (v;), tdf(v;) denotes the total outdegree of truth, indeterminacy, falsity mem-

bership of vertex v; respectively.

Definition 3.7. Let 6(,4,3) be a DSVNG. Then the total degree of a vertex v; € V is
td(v;) = td™ (v;) + td(v;) = (tdp(v;) + tdh(v;), tdy (v;) + tdf (v;), tdp(vi) + tdf(vi)).

Definition 3.8. Let a(A, B) be a DSVNG. Then the minimum indegree of G is 5_(6) =
(67(@), 67 (G), 57(G)) where

57(G) = Mdg(vi)|vi € V}
67 (G) = Ndy (vi)|vi € V}
57(G) = Mdg(vi)|vi € V}

—

op (E;’), 5;(5), 01 (G) denotes the minimum indegree of truth, indeterminacy, falsity mem-

bership of G respectively.
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Definition 3.9. Let g(A,B) be a DSVNG. Then the minimum outdegree of G is 5*(6) =
(65(@), 67 (G),61(G)) where

OF(G) = Mdf(vi)lvi € V')
07 (G) = Mdf (vi)|vi € V'}
05(G) = Mdf(vi) v € V'}

6 (6 )s (5;(@)), 5;(6 ) denotes the minimum outdegree of truth, indeterminacy, falsity mem-

bership of G respectively.

Definition 3.10. Let G(A B) be a DSVNG. Then the minimum degree of a vertex v; € V' is
6(G) = 97(C) +0%(G) = (67(C) + 6£(G). 67 (G) + 67 (G), 65.(C) + 55(C)).

Definition 3.11. Let G(A, B) be a DSVNG. Then the maximum indegree of G is A~ (G) =
(A7(G), A7 (G), AR(G)) where

AZ(G) = V{dg(vy)|vi € V}
A7 (G) = V{d; (v;)|vi € V}
AR(G) = V{dgp(v)|vi € V}

A;(a)), A;(@), A;(a) denotes the maximum indegree of truth, indeterminacy, falsity

membership of G respectively.

Definition 3.12. Let a(A, B) be a DSVNG. Then the maximum outdegree of G is A+(§) =
(AF(@), A (G), AL(G)) where

AH(G) = V{dh(v)|vi € V}
AF(G) = Vid] (w)lv; € V}
AH(G) = V{df(vi)lvi € V)

—

AL (E;’), AT (G), A;(a) denotes the maximum outdegree of truth, indeterminacy, falsity

membership of G respectively.

Definition 3.13. Let (_5(14, ) be a DSVNG. Then the maximum degree of G is A(a) =
A7(G) + AH(G) = (A7 (G) + AF(G), A (G) + AF (G), AR(G) + AL(G)).

Remark 3.14. For any vertex v;, 07(G) < dr(v;) < Ap(G), 6:(G) < dy(v;) < A7(G) and
57(G) < dp(vs) < Ap(G).
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Proposition 3.15. For any DSVNG a(A, B) with n vertices,

D dwi) = (D (df(vi) +dp(ve), D (df (v) +dy (v3), Y (df(vi) + dpp(v))

v; eV v; eV v, eV v; eV
= (Y T @) + T (570), Y I (o)) + 1 (5520,
Vi FEV; Vi FV;
> PR () + Fi (570)).
Vi AV

Proof. Proof follows from the definition of indegree and outdegree of DSVNG G (A,B). g

Proposition 3.16. The mazimum indegree or outdegree of any vertex in a DSVNG with n

vertices is n — 1.

Proof. Let a(A, B) be a DSVNG. The maximum value given to an edge is 1 and the number
of edges incident on a vertex can be atmost n — 1. Similarly, the maximum indeterminacy and
falsity membership value given to an edge is 1 and the number of edges incident on a vertex can
be at most n — 1. Hence, the maximum truth, indeterminacy and falsity membership degree

dr(vi), dr(v;), dp(v;) of any vertex v; in a DSVNG with n vertices is n — 1. Hence the result.

O

Example 3.17. Consider the DSVNG G given in Figure 1 and the truth, indeterminacy and
falsity membership of vertices and edges of G is providedl'j’l Table 1, 2.

00

U1
€5 €1
V2 U5
€6
€4 €2
U3 €3 V4

Ficure 1. DSVNG
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TABLE 1. Truth, indeterminacy and falsity membership of vertices

Vv U1 V2 Vg Vg Uy

Ta 05 05 06 05 0.3
I, 03 0.7 06 0.2 04
Fsq 02 03 04 08 0.7

TABLE 2. Truth, indeterminacy and falsity membership of edges

E el €2 €3 €4 €5 €Eg

g 0.2 03 04 05 04 04
Ig 05 05 0.8 07 0.7 08
Fg 0.7 09 09 06 04 09

Table [3| provides the degree, indegree, outdegree, total degree, total indegree, total outde-

gree of vertices of G.

TABLE 3. Degree and total degree of vertices

(A) Degree (B) Total degree
Vv v vz V3 Vg Vs A\ v1 Vg V3 V4 Vs
Indegree of v; Total indegree of v;
dr 04 04 05 04 05 td, 09 09 11 09 038
d; 07 08 07 08 1 td;, 1 15 13 1 05
dp 04 09 06 09 16 td, 06 12 1 1.7 23
Outdegree of v; Total outdegree of v;
df 02 09 04 07 0 tdh 07 14 1 12 03
df 05 14 08 13 0 tdf 08 21 14 15 04
df 07 1 09 18 0 tdt 09 13 13 26 07
Degree of v; Total degree of v;
dr 06 13 09 11 05 tdr 16 23 21 21 1.1
dr 12 21 13 21 1 tdr 18 36 27 25 09
dp 1.1 24 15 27 16 tdp 15 25 23 43 3
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Table[d] 5] provides the minimum degree, indegree, outdegree and maximum degree, indegree,

outdegree of G.

TABLE 4. Minimum degree of DSVNG.

G 5(G G &G G 56

67 (@) 04 G 0 6p(G) 04
S7(G) 07 @G 0 (G 07
67(G) 04 6E@G) 0 sp(G) 04

TABLE 5. Maximum degree of DSVNG.

G A-(G) G AY@G G AG)

AZ(G) 05 AKG) 09 Ap(G) 14
AT (G) 1 AF@G) 14 A(G) 24
AR(G) 1.6 ALG) 18 Ap(G) 34

4. Effective edges

In this section the effective edges of a Directed Single Valued Neutrosophic Graph is identi-
fied and efffective indegree, efffective outdegree of vertex, efffective maximum degree, efffective
minimum degree of DSVNG with respect to indegree and outdegree are investigated with ex-

ample.

Definition 4.1. An edge v;0; of a DSVNG 6(/1, B) is called an effective edge if Tg(v;,v;5) =
Ta(vi) NTa(vy), Ip(vi,v5) = Ia(v;) V 1a(vy), and Fp(vs, v;) = Fa(v;) V Fa(vj).

Definition 4.2. The effective indegree of a vertex v; in (_f(A, B) is defined by dp(v;) =
(dgp(vi), dg;(vi), dgp(vi)), where dpp(v;) is the sum of the truth membership values of the
effective edges with v; as the terminal vertex, dy;(v;) is the sum of the indeterminacy mem-
bership values of the effective edges with v; as the terminal vertex, d(v;) is the sum of the

falsity membership values of the effective edges with v; as the terminal vertex.

Definition 4.3. The effective outdegree of a vertex v; in a(A, B) is defined by di(v;) =

(dhp(vi), df (vi), df - (vi)), where dfp(v;) is the sum of the truth membership values of the
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effective edges with v; as the terminal vertex, d;s ;(v7) is the sum of the indeterminacy mem-
bership values of the effective edges with v; as the terminal vertex, dg 7(v;) is the sum of the

falsity membership values of the effective edges with v; as the terminal vertex.

Definition 4.4. Let a(A, B) be a DSVNG. Then the effective degree of a vertex v; € V is
dp(vi) = dg(vi) + dE(Ui) = (dgp(vi) + dET(Ui) dy(vi) + dEI(UZ) dgp(vi) + dEF(”’L))

Definition 4.5. The minimum effective indegree of G is og [6] = (5ET[6], 651[6], (SEF[@)])

where

35rIG = Mdgplvi] | vi € V}
0511C] = AMdg;lvi] | v € V}
05plGl = Mdgplvil | v € V}

5ET[6], 551[65], 5EF[6] denotes the minimum effective T-indegree, I-indegree, F-indegree re-

spectively.

Definition 4.6. The minimum effective outdegree of G is L [5] = (SET[E‘)], (551[@)], (5EF[§])

where
5p[Gl = Mdfplvi] | vi € V}
03,1G) = Mdf,[vi] | vi € V}
051Gl = MdEplvi] | v € V)

5ET[§], 551[6], (%F[(_?)] denotes the maximum effective T-indegree, I-indegree, F-indegree
respectively.

Definition 4.7. Let a(A, B) be a DSVNG. Then the minimum effective degree of G is

—> —

35(G) = 05(G) + 05(C) = (057(G) + 551(G), 65,(G) + 051(C), 05p(G) + 55(G)).

Definition 4.8. The maximum effective indegree of G is AE[@] = (AET[@)], A;H[@}, AEF[a])

where

AprlG) = V{dgplvi | v € V}
A5 [G) = V{dg,[vi] | vi € V}
App[Gl = V{dgplvi] | vi € V}

—

ALrG], A}_H[(_})], AEF[a] denotes the minimum effective T-indegree, I-indegree, F-indegree

respectively.

Definition 4.9. The maximum effective outdegree of G is AE[@] = (AET[EJ)], AEI[ZJ)],
AEF[é]) where
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AL[G) = V{dE vl | vi €V}
AL Gl = V{dg[vi] | vi €V}
el

AET[(?}, AJECI[@)], AEF[(_?)} denotes the maximum effective T-indegree, I-indegree, F-indegree

respectively.

—>

Definition 4.10. Let G(A, B) be a DSVNG. Then the maximum effective degree of G is
Ap(G) = Ap(G) + AL(G) = (Agp(G) + App(G), Mg (G) + Mgy (G), Agp(G) + Afp(G)).

Example 4.11. Consider the DSVNG G given in Figure |2| and the truth, indeterminacy and
falsity membership of vertices and edges of G is provided in Table @

U1

€3 €1

v €2 U3
FiGUurE 2. DSVNG

TABLE 6. Truth, indeterminacy and falsity membership of vertices and edges

(A) Membership of vertices (B) Membership of edges
6 v V3 V3 6 el €2 €3
Ta 05 02 0.3 g 0.3 02 0.2
I, 03 06 04 Ig 04 06 06
Fqa 02 07 02 Fg 02 0.7 0.7

Table E] provides the effective degree, effective indegree, effective outdegree of vertices of G.
Table 8], [9] provides the minimum effective degree, indegree, outdegree and maximum effective

degree, indegree, outdegree of G.
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TABLE 7. Effective degree of DSVNG

(A) Indegree of DSVNG (B) Outdegree of DSVNG (C) Degree of DSVNG
(—5 v V2 V3 C—ﬁ U1 V2 V3 (—ﬁ v V2 V3
Effective indegree Effective outdegree Effective degree
dgr 02 0 05 dfr 03 04 0 dgr 05 04 05
dgy 06 0 1.0 d"'E'I 04 12 0 dgr 10 12 1.0
dgr 07 0 09 dEF 02 14 0 dgr 09 14 09

TABLE 8. Minimum effective degree of DSVNG.

—

G 5—(G) G TG G (G

0pr(G) 0 (@) 0 ber(G) 0
351(G) 5@ 0 sm(@) 0
55p(G) 6tp(G) 0 SEr(G) 0

o O

TABLE 9. Maximum effective degree of DSVNG.

A~ (G) G ATG) G AG)

G

Azr(G) 05 ALL(G) 04 Apr(G) 09
A7 (G 1 AL(G) 12 Ap(G) 22
A

(@) 09 ALL(G) 14 App(G) 23
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