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Abstract

The concept of a neutrosophic set is an extension of a fuzzy set that uses indeterminacy. Similarly, an intuitionistic set has
an extension, which is known as a single-valued neutrosophic set. The extension of intuitionistic fuzzy graphs and fuzzy
graphs is single-valued neutrosophic fuzzy graphs (SVNF-graphs), which is the new component of graph theory. These
versions of graph theory play an important role in many real-world problems, like medical diagnoses, law, engineering,
finance, and industry. SVNF-graphs play an important role in linguistics, genetics, networking, sociology, computer
technology, economics, and communication. The topological graph parameter gives a real number to the associated graph.
There are numerous topological graph parameters proposed in the literature. In topological graph parameters, some
uncertainty exists. Rosenfeld, Atanssov, and Smarandache introduced the concepts of a fuzzy graph, intuitionistic fuzzy
graph (IFG), and SVNF-graph to overcome these uncertainties. SVNF-graph, IFG, and FG have vital roles in solving
world-life problems. In this research work, we proposed a pythonic environment for the single-value neutrosophic fuzzy
topological graph parameters. We introduced for the very first time some SVNF-graph parameters, like the Sombor graph
parameter: the third and fourth versions of the SVNF-Sombor graph parameters for the SVNF-graph framework. Also, we
have proved some characteristics and bounds of these topological graph parameters. We have discussed the social media
application for the SVNF-Sombor graph parameter and its third and fourth versions. Under consideration application, We
have shown that deleting a person (vertex) in the network can increase or decrease the chances of sending friend requests to
other people of artificial intelligence.

Keywords Graph operations - Fuzzy graph parameters - Vertex deletion of Sombor graph parameter - Single-valued
neutrosophic - Fuzzy graph parameters - Social media analyzing - Topological graph parameters

1 Introduction

Al-Zadeh gave the concept of a fuzzy set. A fuzzy set (FS)
describes the components of an ordinary (crisp) set using
membership values ranging from O to 1. The researcher
extends the concept of the operations of a crisp set to a
fuzzy set in Zadeh (1965), Chen et al. (2009) and Chen and
Jian (2017). The reader can found more results in the
citations (Flores and Srirama 2013; Karwowski and Mital
1986; Klir and Yuan 1996), for more information on the
application of FSs (Ghoushchi et al. 2023; Yiiksel et al.
2024; Fatima et al. 2024; Liu 2024).

In Atanassov and Atanassov (1999), Chen et al. (2019)
and Chen and Wang (1995) developed the concept of an
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intuitionistic fuzzy set (IFS) using the extension of a fuzzy
set. In this research paper, authors used the method of
normalized Euclidean distance to develop an application
for career determination in Ejegwa et al. (2014) and Horng
et al. (2005). In this article, the authors established the
application of IFS in medical diagnosis in Khatibi and
Montazer (2009), Ahmad and Sabir (2023), Akram et al.
(2022), and Palanisamy and Periyasamy (2023).
Neutrosophic set (NS) originated by Smarandache
(2006) is a useful mathematical tool for handling incon-
sistent, ambiguous, and incomplete data in the real world.
He presented the three components of Ns as truth mem-
bership (T), neutrality (N), and falsity (F) values, respec-
tively, within the nonstandard interval |0, 17[. The
researcher produced a few operations on Ns, such as
Cartesian product, complement, union, etc. The researchers
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also utilized the idea of the Ns cube to produce the concept
of the geometric interpretation of Ns in Smarandache
(2011) and Banitalebi and Borzooei (2023). Ns is an
extension of the fuzzy set and intuitionistic fuzzy set. The
application of Ns exists in many fields, such as data sci-
ences, information systems, semantic web services, new
economy growth, and information technology (El-Hefe-
nawy et al. 2016; Das et al. 2021; Koundal et al. 2016).

Neutrosophic graphs were proposed by Vasantha Kan-
dasamy and Ilanthenral (2015), Padma (2022) and Khalaf
and Padma (2022) and developed using the concept of
graph theory. Single-value neutrosophic fuzzy sets
(SVNFs) were initiated by the researchers in Wang et al.
(2012), Mahapatra et al. (2022) and Dey et al. (2023) as
subclasses of Ns. The SVNES is an extension of the IFS,
which has three independent membership values, and these
values are from the interval [0, 1]. Riaz et al. provided the
notion of the topological structure of SVNFS and its
application as a supply chain in Riaz et al. (2022). In this
article, Jin et al. established the notion of a novel distance
measure for SVNFS in Jin et al. (2022) and also developed
the algorithm for MGDMP. In Akram and Adeel (2017),
the authors developed some interesting properties and
applications in the decision-making of neutrosophic
graphs.

Single-valued neutrosophic fuzzy graphs were initiated
by Broumi et al. (2016), and also, they have established
their properties. The authors presented the novel idea of
SVNF-graph and also developed their bounds in Mehra and
Singh (2017). Krishnaraj et al. (2017) proposed the dis-
tance, median, status, total status, diameter, radius,
eccentricity, and central vertex, and also examined the few
properties of self-centered SVNF-graph. Researchers
Akram and Sitara (2017) utilized the idea of NFS to
structure graphs, and they also determined the character-
istics of SVNF-graph. In this paper, authors provided the
notation of some operations, such as lexicographic prod-
ucts, direct products, strong products, and degrees of a
vertex, and gave an application of SVNF-graph (Naz et al.
2017; Akram and Sitara 2017).

The researchers provided the derivable single-valued
neutrosophic graph notion, which is utilized as an instru-
ment in wireless sensor networks and is perceived as these
networks’ energy clustering in Hamidi and Borumand
Saeid (2018). In Akram and Shahzadi (2017), authors
provided innovative ways to use single-valued neutro-
sophic networks in decision-making scenarios. Finally,
they constructed the algorithms for that. Researchers pre-
sented a decision-making technique that uses a single-
valued neutrosophic graph and also provided the algorith-
mic process for the suggested technique in Akram et al.
(2018). The ideas of degree of a vertex and total degree of a
vertex in SVNF-graph are also presented by the concepts of
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the salient characteristics of the new operations, such as the
SVNF-graph residue product, symmetric difference, max-
imal product, and rejection (Zeng et al. 2021).

A fuzzy set has expanded for the topological indices,
which is a numeric value that describes the structural prop-
erties of a graph on the structure of a molecule. TIs have
numerous characteristics. In one of them, the values of all the
isomorphic graphs are the same (Kalathian et al. 2020; Liu
et al. 2022; Majeed and Arif 2023). Fuzzy F-indexes and
their properties are proposed by Islam and Pal (2023).
Ahmad et al. (2023) established the upper bounds of various
TIs and different products for fuzzy graphs and their appli-
cation in cybercrime. In Islam and Pal (2021), investigated
the bounds of the fuzzy hyper-wiener index and its appli-
cation in shares of the market. Researchers (Binu et al. 2020)
presented the relations between the fuzzy wiener index and
fuzzy connectivity index and also discussed an illegal
immigration network. Harold Wiener described the concept
of TT known as the first Zagreb index by Balaban (1983) and
Nadeem et al. (2021), Wiener index by Graovac and Pisan-
ski (1991), Ismail et al. (2023) and different versions of the
Sombor index by Gutman (2022), like the second, third, and
fourth versions (Imran et al. 2022).

In this article, we have established the basic definitions
and some operations of the SVNF-Sombor graph parame-
ter, as well as the third and fourth invariants of the SVNF-
Sombor graph parameters. We have developed the bounds
for these graph theoretic parameters as well. Also, discuss
applications of these invariants of the SVNF-Sombor graph
parameters. Under consideration application, we have
shown that deleting a person (vertex) in the network can
increase or decrease the chances of sending friend requests
to other people of artificial intelligence.

1.1 Motivation and research gap

An SVNF gave us three types of opinions: truth member-
ship, neutrality, and falsity. Like FG, it is limited to one
degree only and does not cover the non-membership.
Similarly, IFG is limited to membership and non-mem-
bership degree facilities in decision-making. Therefore,
SVNES is very important for real-world problems. Simi-
larly, after-sets, fuzzy graphs, IFG, and SVNFG are also
very helpful tools in decision-making and expert systems.
Along with the physical and chemical properties of com-
plex networks, topological indices help to give output
similar results to lab research-heavy experiments. With an
amalgamation of fuzzy set environments, fuzzy graph
theory, and topological indices, it covers three major fields
in one package: computer science, chemistry, and
mathematics.

In this paper, we will discuss the Sombor graph
parameter and its third and fourth versions, and we will
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also discuss some of the basic operations and bounds of
these indices as well. Moreover, we will discuss applica-
tions of the Sombor graph parameter and its third and
fourth versions.

There is no work done on the SVNFG concerning graph
operations in coordination with Sombor graph parameters.
We have these Sombor graph parameters designed for
SVNFG, and we checked the application of these newly
developed Sombor graph parameters concerning SVNFG
and some graph operations. There are many articles on
Sombor indices (Das et al. 2021; Imran et al. 2023), but
they are computed only for the crisp graph. In this article,
we introduced all those Sombor versions for SVNFG

1.2 Framework

In the fragment of the research work 2, we provided the
elementary definitions. We developed the definitions of the
SVNF-Sombor graph parameter, third, and fourth invari-
ants of the SVNF-Sombor graph parameters for the SVNF-
Sombor graph parameters for the SVNF-graph framework
in Sect. 3, and their bounds are provided. In Sect. 4, we
construct the algorithm and application via the invariant of
the SVNF-Sombor graph parameters. In Sect. 5, the con-
clusion is presented.

2 Preliminary

In this fragment of the research work, we will discuss some
definitions of single-valued neutrosophic sets, fuzzy
graphs, SVNF-graph, and intuitionistic fuzzy graphs, rela-
ted to the consideration research work.

Definition 2.1 Let I" be a space of an object with gener-
ated elements in I represented by 7. A single-valued
neutrosophic set ¥ (SVNS W) is associated an neutral
value Ny(y), and a falsity value Fy(y), by truth value
Ty (7), For each object of y in I T (y), Ny(y), and Fy(y)
€ [0,1]. A SVNFS written as

W={<y:Ty(y),Ny(),Fy(y) : 7y €T }. (1)

Definition 2.2 Let G = (Y, ) be a fuzzy graph, where Y
is an Fs of a non-empty space and [] is a symmetric
function  relation on Y. Y:V —[0.1] and
O:V xV —]0,1], such that Y(uv) <Y(u) AY(v) v € V.
Y is called the fuzzy vertex set of V and [ is called the
fuzzy edge set of E.

Definition 2.3 Consider G = (Y,[]) be an intuitionistic
fuzzy graphs IFG.

1. Y = {9,773 -V} such that {; : Y — [0, 1] repre-
sent the degree of membership and v; : Y — [0, 1]
expressed for the non-membership of the point y; €
Y(i=1,2,3,...,n), respectively.

0<i(y) +vily) <1 (2)

2. TCYXY, where {,: Y xY —[0,1] and v, : Y x
Y — [0, 1], such that

G (v, 7;) < minf8 (v,), G (7)) 3)
v2(i;7;) = minfvi (), vi ()], (4)

0< Gy yy) +v2(vis ;) <1, for each (y;,7;) €T or
E=(i,j=123,...n).

Definition 24 G = (A, A) be the single-valued neutro-
sophic fuzzy graph, where

1. The degree of truth membership Ty : V — [0, 1], the
degree of neutral (indeterminacy) membership N :
V — [0, 1], and the degree of falsity membership Fj :
V — [0, 1], of the component v; € V, respectively

0<Ta(y;) + Na(y;) + Fa(y:) <3,

for all v; € V.

2. The degree of truth membership T :ECV x V —

[0, 1], the degree of neutral (indeterminacy) member-
ship N; : ECV x V — [0, 1], and the degree of falsity
membership F;: ECV xV — [0,1], are defined as
Ti(vi,7;) < min[Ta(7:), Ta(7,)],
Ni(yi,7;) > max[Na(y;),Na(y;)],  and
> max[Fa(y;),Fa(y;)] of the edge
respectively

0< T/{(Via "/j)a N,{(Vn Vj)» F,{(Vn "/j) <3,

for all (y;,7,) € E(i,j = 1,2,3,...,n).

F/{("/i»"/j)
(Via VJ) € E7

Definition 2.5 If we delete a vertex from the vertex set of
the single-valued neutrosophic graph G, then we get a new
graph G — v, with order of the SVNF-graph is

n= Z To(vi), Z Ne(vi), Z Fg(vi)

vieV(G) vieV(G) v;ieV(G)
—( Z Tg(v), Z Ne(v), Z Fg(v))
vieV(G) vi€V(G) vieV(G)

and size of the new single-valued neutrosophic graph is
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m= (( Z Te(vi, vj), Z Ne(vi,vj), Z Fc(vi,v_,-))

viv,€E(G) viv;€E(G) viv;€E(G)

(Y Tevu), > Nevu), > FG(v,u))).

vucE(G) vueE(G) vueE(G)

If we delete an edge from the edge set of a single-valued
neutrosophic fuzzy graph, then we obtained a new SVNF-
graph (G-e), with the same order and its size is

m = SVNF — graph — 1

= (( Z T6(vi,vj), Z Ng(vi, vj), Z F(;(Vf,vj))

viv;€E(G) viv;€E(G) viv,€E(G)

(Y Tev,u), > Ne(vu), > FG(v,u))).

vucE(G) vucE(G) vucE(G)

3 Our proposed work

In this fragment of the paper, we will discuss our proposed
work concerning the SVNF-graphs. defined the third, and
fourth invariants of the fuzzy Sombor graph parameter for
the SVNF-framework.

Definition 3.1 The fuzzy Sombor graph parameter for the
SVNF-framework is defined as
SVNFSO(G)
7 €E(G)
\/(T(ff),N(fi), F(i))d*(zi) + (T(x),N(5)), F (1)) d* (1),

(5)

09,0.7,0.1)

(0.2.05,038) (04,06,03)

Fig. 1 Single-valued neutrosopic fuzzy graph

Suppose that truth membership degree, neutral value, and
falsity degree of a vertex as follows: {T,,N,,F,} =
(0.2,0.5,0.8), {Ty,N,,F,} = (0.9,0.7,0.1), and
{T;,N;,F,} = (0.4,0.6,0.3), are illustrated in Fig. 1.

Solution 1 Consider G have with 3 vertices and 2 edges,
respectively. Degree of the vertices are the following:
Y(x) =(0.2,0.7,0.8), ¥(y) = (0.6,1.4,1.1), and ¥(z) =
(0.4,0.7,0.3). Now, we compute square of degree of ver-
tices are the following: W?(x) = (0.04,0.49,0.64),
¥2(y) = (0.20,0.98,0.73), and P*(z) = (0.16,0.49,0.09).

Using the mathematical Eq. (5) of SVNFSO-graph
parameter

SVNFSO(G) = /((0.2,0.5,0.8).(0.04,0.49,0.64) + (0.9,0.7,0.1).(0.20,0.98,0.73))

+1/((0.4,0.6,0.3).(0.16,0.49,0.09) + (0.9,0.7,0.1).(0.20, 0.98,0.73))

=0.77 + 0.94 + v/0.94 + 0.39
= 2.46.

where Teys Neyys Fryy,s
neutral membership, falsity value of node, and degree of a
node.

and d(ri) are the truth membership,

Example 3.1 Let G be an SVNF — graph with {X, y, z} set
of vertices and {xy, yz} are the set of edges, respectively.

@ Springer

Definition 3.2 The third version of the fuzzy Sombor
graph parameter for SVNF-framework is defined as
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SVNFSO3(G)=

Y ov2

uiu;€E(G)

((T(uz% i) F (ui))d* (u; )"‘(T("‘_i>7N(’4./)7F(“j))d2(“j)>n
(7 (i) N () F (u) )l (i) + (T (14 ,N () F ()l () )

(6)

where T (u;), N(u;), F(u;), and d(u;) are the truth mem-
bership, neutral membership, falsity value of node, and
degree of a node.

Example 3.2 Let G be an SVNF-graph with {Xx, y, z} set of
vertices and {xy, yz} are the set of edges, respectively.
Suppose that truth membership degree, neutral value, and
falsity degree of a vertex as following: {Ty,N,,Fy} =
(0.2,0.5,0.8), {Ty,N,,F,} = (0.9,0.7,0.1), and
{T;,N,, F,} = (0.4,0.6,0.3), are illustrated in Fig. 1.

Solution 2 Consider G have with 3 vertices and 2 edges,
respectively. Degree of the vertices are the following:
Y(x) =(0.2,0.7,0.8), ¥(y) = (0.6,1.4,1.1), and ¥(z) =
(0.4,0.7,0.3). Now, we compute square of degree of ver-
tices are the following: W*(x) = (0.04,0.49,0.64),
¥2(y) = (0.20,0.98,0.73), and ¥?(z) = (0.16,0.49,0.09).

Using the mathematical Eq. (6) of third version of the
SVNFSO-graph parameter

0.2,0.5,0.8).(0.04,0.49,0.64) +

Example 3.3 Let G be an SVNF — graph with {x,y, z} set
of vertices and {xy, yz} are the set of edges, respectively.
Suppose that truth membership degree, neutral value, and
falsity degree of a vertex as following: {T,,N,, F,} =
(0.2,0.5,0.8), {Ty,Ny,F,} = (0.9,0.7,0.1), and
{T;,N;, F;} = (0.4,0.6,0.3), are illustrated in Fig. 1.

Solution 3 Consider G have with 3 vertices and 2 edges,
respectively. Degree of the vertices are the following:
Y(x) =(0.2,0.7,0.8), ¥(y) = (0.6,1.4,1.1), and ¥(z) =
(0.4,0.7,0.3). Now, we compute square of degree of ver-
tices are the following: W?(x) = (0.04,0.49,0.64),
P2 (y) = (0.20,0.98,0.73), and P?(z) = (0.16,0.49,0.09).

Using the mathematical Eq. (7) of fourth version of
SVNFSO—graph parameter

SVNFSO04(G)

1( ((02,0.5,0.8).(0.04,0.49,0.64) +
2 (0.2,0.5,0.8).(0.2,0.7,0.8)+

(0.9,0.7,0.1).(0.20,0.98,0.73)\ 2
(0.9,0.7,0.1).(0.6,1.4,1.1)

)+

)+

(0.4,0.6,0.3).(0.16,0.49,0.09) + (0.9,0.7,0.1).(0.20,0.98,0.73) >
(0.4,0.6,0.3).(0.4,0.7,0.3)+ (o 9,0.7,0.1).(0.6,1.4,1.1)

1 (0.7740.94 2+ 0.39+0.94\*)
"2\ \1.03+1.63 0.67+1.63 ‘

=1.17.

(0.9,0.7,0.1).(0.20,0.98,0.73)

_ (!
SVNFSO3(G) = V2 ( (0.2,0.5,0.8).(0.2,0.7,0.8) +

(0.4,0.6,0.3).(0.16,0.49,0.09) +

(0.9,0.7,0.1).(0.6, 1.4, 1.1)

(0.4,0.6,0.3).(0.4,0.7,0.3) +

A 0.774+094 0.39+0.94
1.0341.63  0.67+1.63

=5.43.

(0.9,0.7,0.1).(0.20,0.98,0.73)
(0.9,0.7,0.1).(0.6, 1.4, 1.1)

Definition 3.3 The fourth version of the fuzzy Sombor
graph parameter for SVNF-framework is defined as
SVNFSO04(G) =
uj; €E(G)
1 ((T(u»,zv(u,«),F(u»)d%u» + <T<uj>,N<uj>,F(uJ-))dZ(u,-));.
(T (ui), N (i), F (i) (i) + (T (), N (uy), F () )l ()

(7)

where T(u;), N(u;), F(u;), and d(u;) are the truth mem-
bership, neutral membership, falsity value of node, and
degree of a node.

3.1 Bounds on the SVNF-Sombor graph
parameter for SVNF-graphs

In this fragment, we will investigate the upper bounds on
the single-valued neutrosophic fuzzy Sombor graph
parameter by utilizing the edge and vertex deletion of the
SVNF-graph.

Theorem 3.1 Let G be an SVNF-graph with order n and
size m. Then, we derived the following results:
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()  Supposed that 1 be a vertex is deleted from the
SVNF-graph. Then, we have

SVNFSO(G) > SVNFSO(G — J.).

(i) Supposed that v be an edge is deleted from the
SVNF-graph. Then, we have

SVNFSO(G) > SVNFSO(G — v).

Proof

(i) Let G be an SVNF-graph of vertex N is deleted
from G. Then, we have

SVNFSO(G)

SVNFSO(G) > SVNFSO(G).

(i) Let G be an SVNF-graph has an edge e = 17, which
is deleted from G. Then, we have

55, €E(G)

\/(T(Ti%N(Ti%F(Ti))dz(fi) +(T(5), N(5)), F(1))d* (1))

0D € E(G)
RO, RO & E(G)
0, @ #R

V(T(0),N(0), F(0)d?(0) + (T(®), N(®), F(®))d>(®)+

\/(T(<>’)7N(O'),F(O'))dz(O’) + (T(@),N(®'), F(@))d* (D)

0’0 € E(G)
RO’ ¢ E(G), R’ € E(G)
0@ #R

+ > \/(T(C')vN(C’%F(C’))dz(é”) +(T(N), N(W), F(R'))d> (W)

¢N € E(G)
R{' € E(G), XN € E(G)
N £ N

O® € E(G)
RO, RO ¢ E(G)
0,®#RN

\/(T(<>’)7N(<>/)7 F(0")d*(0") + (T(@'), N(@), F(®'))(Kyn)

O'V' € E(G)
RO’ ¢ E(G), RO € E(G)
0,0 #R

+ ) V)N FE). (K) + (TR),NR), FR)(K,))

IR € E(G)
N € E(G), XN € E(G)
N £ N
= SVFSO(G — R),

where K, ( (@) = (T(RX, @), N, @),
F(X, @))%, = (d(l) = (T(X, ), N, ['),
F(X,()))?, and Kp = (@) = (T(R,N), N(R,X'),

F(X,N)))?. Therefore
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SVNFSO(G)

= > \/(T(TILN(TL')AF(Ti))d2(ff) +(T(5): N(x), F(1)))d*(z;)

7,5,€E(G)

= > \/(T(¢)~,N(¢)~,F(¢>))d2(¢) + (TN, FO)&()+

¢ € E(G)
1), ¢y & E(G)
T,y & E(G)

\/(T(O”),N(O”%F(O”))d2(<>”) + (T(@"), N(@"), F(®"))d>(D")

0"0" € E(G)
10" € E(G), )@" ¢ E(G)
o #1

+ Z \/(T(O”),N(Q”),F(<>”))d2(<>”) 4 (T(CD”),NCD”,FCD”)dZ(Cl)”)

<>”(D” c E(G)
10" ¢ E(G), 39" € E(G)
' H#

+ > VT(@).N()FM)(1) + (T, N(Y), F(Y))d*(Y)

TYEEG)T#Y

> > \/(T(¢)7N(¢)7 F(@)d*(¢) + (T(T),N(T), F())d*(T)+

¢ € E(G)
1), ¢y & E(G)
T,y € E(G)

\/(T(O”),N(O"), F(O"))(4) + (T(@"), N(®"), F(®"))d*(®")

<>”(D” c E(G)
10" € E(G). j0" ¢ E(G)
0" A1

+ \/(T(<>”)~N(<>”)-, F(O")d(0") + (T(®"), N®", FO") (1)

Q//cbll c E(G)
10" ¢ E(G), j0" € E(G)

" #
+ )

TY € E(G)
T#EY
= SVNFSO(G — 13).

V(T (1).N(1), F(1)(&2) + (T(Y), N(Y), F(Y))d2 ().

1 = (d(@") — (T1y,N(1g), F(19)))°,
Do = (d*(1) — (T(),N(13), F(1y)))’,
and 4 = (d(0") — (T(19), N(1), F(13)))".

Therefore

SVNFSO(G) > SVNFSO(G — 1).
O

Theorem 3.2 The bounds on the second version of the
SVNF-Sombor graph parameter for a simple and con-
nected SVNF-framework are given as

SVNFSO(G) <
20 Y+ D W+ > (B )
n,i€V(G) n,7i€V(G) nieV(G)

if o = f, then it is equal to zero.

Proof Using the formulation of the second version of the
SVNF-Sombor graph parameter

SVNFSO(G)

>

Hily€E(G)

VT Nu )@ ) + (T Ny F)d ),

where (T,) truth degree, (N,) neutral degree, and (F,)
falsity degree are not same.
Assume that G is an SVNF-graph with order

( Z (T), Z (N), Z (F)) and size is
n.i€V(G)

n,ieV(G) n,€V(G)

( Z (1), Z (N), Z (F)), respectively.

neE(G) neE(G) Ni€E(G)
T(i)< > (T), N()< > (N), and
n,1€V(G) i€V (G)

F(i) < Z (F). Now, compute the degree of any vertex
n,ieV(G)

Then,
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of G, as: d(ﬁ)z( Z (T3 (nn)), Z (Ni(n1)),

i ~ni€E(G) i~ Ni€E(G)
S E): Ao, Y (min< Y @)
i~nek(G) i~ nMek(G) n:7€V(G)
> i< X ™), and
i~ ni€E(G) n,HEV(G)
(Fi(nin)) < Z (F). Compute the square of
i~ ni€E(G) n1ev(G)

the degree of any vertex of G as:

dz(ﬁ)=< Yo (@), Y (i),
i~ MEE(G)

il ~nieE(G)

S (P i) Also,
il ~nieE(G)

S @miy< Y (1)
ii ~ nAEE(G) n,iev(G)

S Mmin< Y WP and
i1~ nicE(G) niev(G)

S Fmay< > (F)
i~ nieE(G) i€V (G)

Using these inequalities, we get

.Y @< Ym0 Y @R
i ~ni€E(G) n,7eV(G) n,7eV(G)

Y Wmin< Y WY
ii~ni€E(G) 1n,i€V(G) n,i€V(G)

and

R Y Bai< Y ()Y R
i~ ni€E(G) 1€V (G) niev(G)

Adding above three inequalities. 8, 9, and 10

TG). > (Trma)+NG). > (Nini) + F(i).
1§ ~ni€E(G) i ~nieE(G)
S FEmi)< > (1)
1ij~ni€E(G) n,ieV(G)
+ Y W+ Y )
n,1eV(G) n,1€V(G)
(11)
Similarly
T(n). > (L) i) +N@m). > (N (i) + Fn).
i ~nieE(G) i~ nieE(G)
S F< > (1)
ij~ni€E(G) n,ieV(G)
+ >N+ Y (F)
n,7€V(G) n,i€V(G)

(12)
Adding both inequalities, 11, and 12. Then, we get

@ Springer

(T(ﬁ)- > (Tr(mi) + N(H).

i ~nij€E(G)

S WG +F@. > (Fmi)+
i ~niEE(G) ij ~ni€E(G)

T(n). > (Ty)*(mi) +N(n).

i~ nieE(G)

Z (Nﬂ)2<77ﬁ) +F(n). Z (Fﬂ)z("lﬁ))
(G)

i ~nieE(G) n~nieE

<< YoM+ Y W+ Y (F)

JEV(G) n,i€V(G) n,7€V(G)

niev(G n,7€V(G) n,7€V(G)

+ Z + Y W+ Y (F)3>~
(13)
(T(ﬁ)- > (T3mi)) + N(#).
i1 ~nieE(G)
S N +FG). D (Frmi)+

1 ~ni€E(G) i~ nicE(G)
T(n). Y. (1) (i) + N(n).
i ~nieE(G)
S )i +Fm). Y (Fy) (i)
i~ ni€E(G) i~ nieE(G)
<2 ¥ @ +2Z P2 Y (0.
n,7€V(G) n,qeV(G n,7€V(G)
(14)
Thus
SVNFSO(G)
<21 X @+ > v+ > @’ |.
n,7€V(G) n,7€V(G) n,HEV(G)
O

3.2 Bounds on the third version of the SVNF-
Sombor graph parameter for the SVNF-
graphs

Theorem 3.3 Let G be an SVNF-graph with order n and
size m. Then, we derived the following results.
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@ Suppose that J. be a vertex deleted from the SVNF- Proof

graph. Then, we have -

~ (i) Let G be an SVNF-graph having vertex 4 is deleted

SVNFSO;(G) > SVNFSO5(G — A). from G
(ii) Suppose that 90 be an edge deleted from the SVNF-

graphs. Then, we have

SVNFSO;(G) > SVNFSO5(G — 7).
SVNFSOs(G)

2
\/< i), F(ui))d? (i) + (T (), N(wy), F(u;))d (%))
;G ( i), F(ui))d(ui) + (T (), N(wy), F(u;))d ()

!
==

- (T(R), NGR), FUR)d(R) + (T(G), NG, F3) ()
e > < ), N(R), F(h) ( Nﬁ>,F(1€>>d<f)>+

N ¥ (( (¢ NE), FEN(E) + <T<§>7N<§>,F<§>>d2<j.’>> N
7 CHG) (T(ENNE),FENAE) + (TN, FE)dE)
i € E(G), 11 € E(G)
I

(TN (1), F(0)d*(x) +
2 ;
e E(G) ((T( 0N F(x))d(x) + /ss>

77 € E(G)

- )3 ((T( ), N(k), F(h))d’ () + (T(5), N(5), (y:))dz(f)>
i CE(G) (T(h),N(h), F(h))d(h) + (T (h),N(h),F(h))d(y)
Jh, )y & E(G)
hy#
. 5 ((T i, NP, F(T) () +~,;)
]’:}FIEE(G) (T(h )*N(h 7F<h))d(h)+/*
iR ¢ E(G), 1y € E(G)
Ry +7
N > ( (@), N @), FE)) + (TN, F(E)T, ) .
) (1), N (&), F(@)iry + (T(2), N, F (X))
i € E(G), 71 € E(G)
74

= SVNFSO5(G — %),
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where  §. = TGLNG).FE)) - (@40~ where 77 = (d(") ~ (T(5.0),NG.0). F(5.7) )
(T NEF)VFCD) = T, i
NG)LFF)) (46) = (TC.5). NG, = (08 = (T3, 00,69, P50
FELIN), 5 = (d@) = (TGONGD), Jo = (TG").NG"), FG))(),  and s =
- 3 ., - - T(5"),N("), F(5" 2. So,
FLONE = (d@) — (TLE)NGLD), (T, N0 PN So.
- X S R SVNFSO;(G) > SVNFSO3(G — 7).
FELON), 5 = (did) = (TG 2).NG, ),
~ ~f - ~/ ~ ~ ~! D
FALIDN, 9 = ()= (TG I),NG, ),
= s . . N Theorem 3.4 The bounds on the third version of the
FUZ) ))>’~/ V4 —A!(T( );N(y%F(X))d (v )Z 4= SYNF-Sombor graph parameter for a simple and con-
(TR),NO), F(Y))do ('), 75 = (T(4),N(4), nected SVNF-graph are given as
e Sos = (T(7).N(2). F(D)d ().
FONEG). and i = (TN FUDU) o
erefore ; , ,
SVNFESO;(G) > SVNFSO3(G — J). 2 M D W Y ()
n4€V(G) 1:1€V(G) n:1eV(G) .
<V2 2 2 2|75
(i) Let G be an SVNF-graph with an edge e = yv, Z (T)" + Z (N)” + Z (F)
which is deleted from G. Then, we have nieV(G) n,ieV(G) n,ieV(G)
SVNFSO;(G)
B (T (), N(wi), F(u:))d*(u;) + (T (w7), N (), F () d* () i
; W;@ﬁ( (T (), N (ur), F (i)l tg) + (T (), N (), F (7))l (1) > '
-3 <(T(¢)7N(¢)7F(</>))d2(¢) + (T(_‘)JV(-[%F(‘UW("))+
) (T(),N(9),F())do(¢) + (T(T),N(T), F(T))d(T)
79, ¢ ¢ E(G)
7,70 & E(G)
((m:'), NG PG )+ ;)
i B (") NG, PG Ja ) +

7" € E(G), " ¢ E(G)

47
(T().NG), FO)E() + Bon(D)(7)
i ( (T(G),NG), FG)AG) + Bou(0)de(s) ) -
5 ((T(¢)7N<¢>>7F<¢>>>d2<¢> + <T<1>7N('l)7F<‘|))d2<‘i>>
o155 N T@NG)F@))+ TN, F)CT
7,67 ¢ E(G)
7,770 € E(G)
N ( (7" NG") F G ) T (TG, NG, FG)P ) )
5 S B (TG, NG, F ) ) 7n + (TG, NG FE)AEN ) |
5h' € E(G),0y" ¢ E(G)
R #7
= SVNFSO3(G — ),
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if o = f3, then it is equal to zero.

Proof Using the formulation of the third version of the
SVNF-Sombor graph parameter

SVNFSO;(G)
T N;UF) (M)—’—(TH?NH’FH)dZ('u.I')
/4/4,625 \/_< (Tys Ny, Fr)d(p;) + (Ty, Ny, Fr)d (1) )7757

where (7)) truth degree, (N,) neutral degree, and (F,)
falsity degree are not same.
Assume that G is a SVNF-graph with order

(1), > (N), D> (F)| andsize is

n:1eV(G) n:7€V(G) 1€V (G)
Z (T), Z (N), Z (F) |, respectively.
neE(G) ni€E(G) neE(G)

Then, T(j)< »_ (I), N@)< > (N), and

niev(G) A€V (G)

F(i) < Z (F). Now, compute the degree of any vertex
1,i€V(G)

of G, as:

Z (N»?('7ﬁ))7

> (Fii)) ).
i ~ni€E(G) i1 ~ni€E(G)
> mmy< Yo (D),
ii~meE(G) 1.1€V(G)

Z (N), and

n.i€V(G)

Z (Fi(nin)) < Z (F). Compute the square of the
ii~ni€E(G) niEV(G)
degree of any vertex of G as:

d(i) —( Yo (T,
i~ nieE(G)
Also,

> Vi) <

i~ ni€E(G)

dz(ﬁ)—( Yo (TP, Y W), Y (Fz('?ﬁ)))-
i~ meE(G) i~ meE(G) ii~meE(G)
Also, o (Tmi)< > (T
ii~nekE(G) 1:4€V(G)

Y WNim)< Yo (N and
i~ nicE(G) 1€V (G)

Z (F%(nﬁ))< Z (F)*. Using these inequalities
i~ nieE(G) n1:1€V(G)
and we get,

). Y @win< Y@ Y @F s

il ~ni€E(G) nAev(G) 1.1€V(G)

TM). > (NGm))< > (N Y (N
i~ nieE(G) n.4evV(G) n,1€V(G)
(16)
and
F)- Y (Bai< Y (Y (PN gy
i~ nieE(G) n.Mev(G) n.4€V(G)

Adding above three inequalities 15, 16, and 17

T(). Y (Trmi) +N(i).

i ~nieE(G)

ST Wi +F@H). > (Fr)
ij~ni€E(G) i ~ni€E(G) (18)
< ) (T

n,ieV(G)

+ Y W+ Y )
n,ieV(G) n,i€V(G)
Similarly
T(). > (T,) (i) + N(n).
ij~neE(G)
S W) +Fm). > (Fy) (i)
il ~nieE(G) i~ nieE(G)
19
<Y @ (19)
i€V (G)
+ >N+ D> (F)
n,7€V(G) n,7€V(G)
Adding both inequalities, 18, and 19. Then, we get
T(h). Y (T;(mi) +N(i).
ii ~ nHEE(G)
S W) +FG). D (Frmi)+
i ~nieE(G) il ~nieE(G)
T(n). > (T,) (i) +N(n).
1 ~ni€E(G)
S N i) +F). Y (Fy) (i)

i ~nieE(G) 1 ~ni€eE(G)
<{ > @+ > W+ > )

ni€V(G) n,ieV(G) n,4€V(G)

+ Z + > N+ Y F)

niHev(G n,1€V(G) n,1€V(G)

(20)
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(T(ﬁ)- > Ty (i) + N(H).
i ~ni€E(G)
Yo W) +F@). Y (Fr(m)

i~ ni€E(G) i~ nieE(G)

+T(). Y (T)(ni) + N(n).

i~ meE(G)

Z (Nﬂ)2<77ﬁ) +F(n). Z (Fﬂ)z("lﬁ))
(G)

i ~nieE(G) n~nieE
<<2 > (1) +2 Z ) +2 Z )
n,7€V(G) n,qev(G nnev(G
(21)
Also
(T(ﬁ)- > (Tilni) + NGi).
i ~nieE(G)
> N +F@). D (Falni)
ii~ni€E(G) ii~ni€E(G)
+T(n). Y, (T,)(md) + N(n).
ii~mjeE(G)
S N)m) +Fm). Y (Fn)z('m)>
i1~ nicE(G) i ~nieE(G)
<<2 > (1) +2 Z Y42 Y (F )
nAev(G niev(G n,7€V(G)
(22)

From above inequalities 21 and 22. Then

23 (M+2 Y N +2Z

% n,7eV(G) n,7eV(G) n,iev(G
Ng "2 Y (1)+2 Z 42 Z
n,1€V(G) niev(G n,i€V(G)
where

@ Springer

Mx—<T(ﬁ)~ > (Trm) +N@). Y
i~ Mi€E(G)

1ij~ni€E(G)

(N,?(ﬂﬁ))ﬂLF(ﬁ)- > (Frm)+T(n).

i~ nieE(G)
S TP ANm). Y (N (i) + F(n).
ii~ni€E(G) il ~nMEE(G)
Z (F”I)z(r’ﬁ))a
i ~nieE(G)
and

N, = (Tm).h S (Tymi) + NG

S Ny +F@). > (Filni)+T ().

i ~nieE(G) i ~ni€E(G)
S @) +N@m). DY (N (i)
il ~ni€E(G) il ~ni€E(G)
+F(). Y (F) (mi) |-
ii~nijeE(G)
Thus
SVNFSO3(G)
Yo+ DY N+ D (F)
\/E n,7eV(G) n,7€V(G) n,7€V(G) -
@+ > NP+ ) (P
n1eV(G) n:1€V(G) mi€V(G)

3.3 Bounds on the fourth version of the SVNF-
Sombor graph parameter for the linear
diophantine fuzzy graphs

Theorem 3.5 Let G be an SVNF-graph with order n and
size m. Then, we derived the following results.

(i)  Suppose that J be a vertex deleted from the SVNF-
graph. Then, we have

SVNFSO4(G) > SVNFSO4(G — ).

(i)  Suppose that 90 be an edge deleted from the SVNF-
graphs. Then, we have
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SVNFSO4(G) > SVNFSO4(G — 7). Proof

(i) Let G be an SVNF-graph having vertex /. is deleted
from G

SVNFSO4(G)
— Z 1 ((T(ui)vN(ui)v F(“i))dz(ui) + (T(uj)7N(uj)7 F(uj))dz(uj)) 27Z
w2\ (T(), N (), F i) )d (i) + (T (), N(wy), F () d () )

RIS ((T( 1), NR), FR)d* () + (T(y;),zv(yp,F(y))dZ(y*))Z
2 S \ TN, FURAG) + (T(R) N, F(R)d()
I, }5 & E(G)
h,y +
. 5 ((T(/{ )- NG F)PR) + />
iy ehe  \TELNGFE)G) + 7
ih ¢ E(G), 7y € E(G)
Ry +
¥ 3 ((T«c/)),zv@/),F<c’>)d2<¢'> + (1) N(;)m/))dz(;)>z
77 < B(G) (T((), M), FENAE) + (T, NE), F(L))d(Z)
i € E(G),}J € E(G)
47
(T(2). N (1), F)d (1) + 75
+ Y :
Ao (v s s7.)
1 € E(G)

hy € E(G)
Ih, 7y ¢ E(G)
h,y #
- - - - 2
. D <<T<h~ LN FUER) + /*>
i EB0) (T (), N () F(R)d(R) +7
iH ¢ E(G), iy € E(G)
Y #
.\ > ( (1(@), N@), F@)7 + (TGN, FE))i, ) .
57 S hG) (T (@), NO).F@)in + (TE)N ), F(E))inn
i € E(G),}J € E(G)
47

= SVNFS04(G — ).
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) o ) ] (d(i’)— T, 7)., N, 7 ), F(J, ﬁ’))) 5y =
whete 7, = (T(7).NG7).F(7)(4(7) = (72 (TGN FENRE),  Tus = (TN,
V). N(2,Y), F(, 7)), Fu = (T(),N(), F(7)) F(57)da(y), 75 = (T(2),N(4),F(2 )))d?(7), and
(d(y’) - (T(i, V), N(Z,¥), F(. y’)))7 5 = 7ss = (T(4),N(4), F(4))d(%). Therefore
(d(~’)— (T(;, ), N(GL, &), F (L, g)>)z, 5y = SVNFSO4(G) > SVNFSO4(G — /).

N 7 5 3 T 5 s (ii) Let G be an SVNF-graph with an edge e = v,
(d( ) <T(} )N E), F C)))72 2= leich iseziealleted fromg(;pThen, w: hzf:vege "’
(aG) = (TG NG ) FGLT))),  m=
SVNFSO04(G)

(), N ), Fu)d () + (T(), N (), F ) d2() )
s < )’

wieiioy 2 \ (T (i), N(us), F(wi))d(us) + (T (), N(wy), F () ) d ()

N =

¢ € EG)
7¢, ¢V & E(G)
7,70 € E(G)

hwngE ©) ( (T(h ),N(h ),F(h*’))d(h*
i’ € E(G), 0" ¢ E(G)

W5
(T().NG), FO)(7) + Bou(D)* (7))
+ (TG PO+ )
5 (<T<¢>,N<¢>,F<¢>>d2<¢> - <T<1>,Nm>7m>>d2m>>2
1 Zh N T@LNG)F@)d(6) + (TN, FC)C)
)¢, ¢v & E(G)
7,710 € E(G)
n ( (PG NG, F G ) 2T NG, FGT) ) )
iy o) (7", NG, F)) T + (TG, NG, FGAG )|
jh' € E(G),0y" ¢ E(G)
W5

— SVNFSO04(G — ),
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~ 2 A
where Jy = (d /) —(TG,5),NG,0), F(5, 6))) . Z (Fi(nin)) < Z (F). Compute the square of the
. R i~ nicE(G) n,7eV(G)
gy = ( ) — (T(7,0),N(7,0),F(7,0))), A =  degree of any vertex of G as:

(
(T(G"), NG, F(
)

FG)AG"),  and  Jee= o i i
(TG"), NG"), F(57"))d2(5"). Therefore A= > @), Yo W), > (Fm) |-
i~ mi€E(G) i ~ni€E(G) i~ nicE(G)
SVNFSO4(G) > SVNFSO4(G — D).
Also, Z (T;%(’?ﬁ))< Z (1),
- i~ MMEE(G) 17V (G)
A 2
Theorem 3.6 The bounds on the fourth version of the A Z (Nﬁ(nn))< Z (N)7, and
SVNF-Sombor graph parameter for a simple and con- — '1~"M<E©) A€V (G) )
nected SVNF-graph are given as Z (F;(m})) < Z (F)". Using these inequalities
SVNFSO4(G ii~neE(G) 1.i€V(G)
4(G) and we get
2
YoM+ Y WP+ Y (F) . 2 >
1 [nicvic) ni€V(G) ni€V(G) - Z (T, i) < Z (D). Z @7 (23
<= 3 3 7| ™ i ~nij€E(G) n,7eV(G) 1,1€V(G)
S ey we Y @ A 2 2
1HEV(G) 1HEV(G) 1iEV(G) (). > (NGm))< > (N Y (N
. o i1~ nicE(G) n,7€V(G) n,ieV(G)
if & = B, then it is equal to zero. (24)

Proof Using the formulation of the fourth version of the
SVNF-Sombor graph parameter

SVNFS04(G) F). > (Fimi)< Y (F). Y (FF (g5
L ( (T N F)d () + (T N F)d (1) e WisVio)  nicvio)
" ( )d(p;) + )

u,vu,-eE(G)Z (T, Ny, Fr)d(pi) + (T, Ny Fu)d (1)

7, Adding above three inequalities 23, 24, and 25
TR Y. (To@) +N@). Y (NF () + Fi).

where (7)) truth degree, (N,) neutral degree, and (F),) 1~ MeE(G) i~ mieE(G)
falsity degree are not same. Z (F,%(nﬁ))< Z (1)
Assume that G is an SVNF-graph with order i~ ni€E(G) niev(G)
+ D > @)
S, Y (), > (F)| and size is 1€V (G) nAEV(G)
n,1€V(G) niev(G) niev(G) (26)
Z (1), Z (N), Z (F) |, respectively.  Similarly
ni€E(G) neE(G) i€E(G) .
e e T(n). Y (T,)*(mi) + N(n).
Then, T(VI)< Z (T), N(’/’)< Z (N)7 and i ~ni€E(G)
nAev(G) 1€V (G) 2/ .
N, + F(n).
F()< Z (F). Now, compute the degree of any vertex ﬁw%G:E(G)( ) () )
nHnev(G) 2 R 3 (27)
oG o S EYm< S (@)
i~ ni€E(G) 1€V (G)
3
ai= Y men X o) Y wmei] ot 2 W > ()
ij~nieE(G) i1 ~ni€E(G) i ~nieE(G) n,1€V(G) n,7EV(G)
. Adding both inequalities, 26, and 27. Then, we get
Also, S ()< D (D),
i~ ni€E(G) n1:1€V(G)
Y Witmn< Yo W), and
i ~ni€E(G) n,7€V(G)
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TG). Y (Tini) +N(i).

i~ WEE(G)
Yo WNima) +FG). Y (Fr(mi)+
i~ WEE(G)

i ~niEE(G)
T(n). > (1) (mi) +N(n).
i~ 11E(G)

Y (N i) + Fn).

i~ ni€E(G)

S (F) i)

il ~nieE(G)

<{ > @+ > W+ > (F)

n,1€V(G) n,i€V(G) n,7€V(G)

+ Z + Y W Y ()

n,iev(G n,7€V(G) n,7€V(G)
(28)

> (T3mi) + N#).

ii~ni€E(G)

> (Vi) + F(i).

ii~ni€E(G)
T(n).

().

Yo (Fr)+

i~ ieE(G)

Y (1) (i) +N).

ii~neE(G)

> () i) + F(n).

i ~ni€E(G)

<(2 Y (

nievV(G)

> (F) i)

ii~ni€E(G)

2 ) ()

n,7€V(G)

+2Z

n,qev(G

(29)

TG). Y (Tilni) + NG).

i1~ niicE(G)

> (Ni(m)) + F (i)

i~ MCE(G)
T(n).

Y (Flm)+

i~ ni€E(G)

> (T i)+ N(n).

ii~neE(G)

> (Ny)(mi) + F(n).

il ~ni€E(G)

<|2 zz:

mi€v(G)

Z (Fn)z(”lﬁ)

1ij~nij€E(G)

P42 Y NP2 > (F

1,i€V(G) n,i€V(G)
(30)

From above inequalities 29 and 30. Then

@ Springer

2 Y (T +2Z

% n,HeV(G) n,iev(G
Ny

22 +22

n.7€V(G) nnev(G

P+2 Y (F

n,i€V(G)

Y+2 Y (F

n,i€V(G)

Y (Tim) + NG

ii~nieE(G)

> (NEu)) + F(i).

i~ nieE(G)

S (Fmi)+T ().

i~ Ni€E(G)

ST@Pm) +Nm). D (N (i) + F ).

ii ~ nii€E(G) i ~nieE(G)
ST (E) i) |
i1~ nijeE(G)

and

i1~ niicE(G)
> (Nilni) + F (i)

i1~ nicE(G)

> (T i)+ N(n).

i1 ~ni€E(G)

Y ()

ii~neE(G)

> (Fi(ni)+T ().

i~ ni€E(G)

> N)) + Fn).

ii~neE(G)

Thus
SVNFSO4(G)

S+ Y Wi+ Y

1 n,7€V(G) n,7eV(G) n,7€V(G)

DG NG

nievV(G) n.7€V(G) nieV(G)

4 Algorithm

Consider SVNF — graph to be two graphs; each vertex or
node shows people, and their fuzzy values have three
components, such that Ty, Ny, and Fy are the truth value,
neutral value, and falsity fuzzy value. Similarly, every edge
has Ty, Ny, and Fy for consideration of SVNF —graphs. To
obtain the desired result, we computed the fuzzy value
individually for every vertex (people) using the dot product
method and also for edges and then added them. Consider
the graph SVNF — graph = (V,E). To determine the value
of the Sombor graph parameter, third, and fourth invariants
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Fig. 2 Flowchart

Assign the SVNF value
for each vertex of a
network

Choosing the most
appropriate SVNF value
for each edge

Compute the degree of
each vertex of the
SVNF-graph

Computing the value of
SVNFSO, SVNFSO3,
and SVNFSO4

Declaring more
generlised and best
topological graph

parameter

Results and Analysis

Computing the Square
degree of each vertex

A

of the SVNF-Sombor graph parameters. We construct the
following algorithm:

Step 1: Compute the membership value for each vertex
(People).

Step 2: Compute the neutral membership value for each
vertex (People).

Step 3: Compute the falsity degree for each vertex
(People).

Step 4: Compute the d(v) — degrees for each vertex
(peoples).

Step 5:  Compute the d?(v) — degrees for each vertex
(peoples) using the concept of a dot product.

Step 6: Compute the SVNF-Sombor graph parameter for
peoples.

Step 7:  Sum up the value of membership values neural
values, and also falsity values.

Similarly, we work for the third and fourth versions of the
fuzzy Sombor indices. Also, flowchart of the article in 2

Where SVNFSO, SVNFSO3, and SVNFSO4 are the
versions of the single-valued neutrosophic fuzzy Sombor
graph parameters

4.1 Application

In this fragment of the article, we will give an application
of a social network in which the Sombor, third, and fourth
versions of the SVNF-Sombor graph parameter are used. In
the presented application, we consider a social network in
which artificial intelligence sends a friend request to people
who know each other automatically. With the help of that
application, we considered five people: 1y, 172, 13, 74, Ts, T6,
and 17, are connected between them by different relational
(friendship) routes or paths. 7; is a friend of the 1,, 16, and
76.77 is the friend of the 7,75, 73,714,75, and 7. Will
artificial intelligence send friend requests to 3, T4, Ts,
through t7 of ;. We show that if we remove 17 or people,
then what will be the effect on the environment of a par-
ticular area? or How many chances does an artificial
intelligence send the friend request of 7 to 13, 74, and 75 or
suggest a friend request to this vertex or people? Using the

@ Springer
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(0'2’%5'0'8" (01,05,07) (02,05,09)
1 T
(02.05.07) 2 (03,05,02) 1:3
C\ N /)

(o
log,
$)

(rororo)

(€070°50)
(80°50°c0)

(goToro)

(0.1,04,08)

Q N )
WV L
T (03.02,06) Ts (02.03,01) Ty

(03,05,07)

(0.1,04,06)

Fig. 3 Graph of social network

definition of the single-valued neutrosophic Sombor graph
parameter of the third and fourth versions, we determine
how many chances there are to send a friend suggestion to
other people in social networking after removing the path
(edge) or locking (deleting) the person (people) (vertex).
By this time, consumption will decrease due to the
improvement of the system.

Assumed an SVN fuzzified social network or connection
between the peoples 1y, 12, 73, T4, Ts, Ts, and 17, respec-
tively, in particular social media network, as shown in
Fig. 3. The vertices of graphs are known as people or
persons, and the edges are related to the network.

First, we calculate the degree of every vertex or person
(people) of G,

d(t1) =[(02 403 +0.5), (0.4 + 0.4 +0.5), (0.3 + 0.5 4+ 0.8)]

=[1.0,1.3,1.5),

d(t2) =[(0.140.2+0.3),(0.1 + 0.5+ 0.5), (0.1 + 0.2 + 0.7)]
=[0.6,1.1,1.0],

d(t3) =[(0.24 0.3 +0.5), (0.5 + 0.2+ 0.5), (0.2 + 0.8 + 0.9)]
=[1.0,1.2,1.9],

d(t3) =[(0.24 0.4 +0.5), (0.3 + 0.5+ 0.5), (0.1 + 0.8 + 0.9)]
=[1.1,1.3,1.8],

d(ts5) =[(0.1 +0.2+0.3), (0.2 + 0.2+ 0.3), (0.1 + 0.3 + 0.6)]
=[0.6,0.7,1.0],

d(t6) =[(0.3 4+ 0.4 +0.5), (0.2 + 0.3 + 0.4), (0.3 + 0.6 + 0.7)]
=[1.2,0.9,1.6],

d(t7) =[(0.1 + 0.1 4+ 0.3+ 0.4+ 0.4 +0.5),

(0.14+0.24+0.2+0.340.4+0.5),

(0.140.3+0.4+0.7+0.8 4+ 0.9)]
=[1.8,1.7,3.2].

Now, we compute the square degree of every vertex

@ Springer

d(m) =[((027 + (037 + (0.5)),((04)" + (04)°
£(0.5)%), ((0.3)* + (0.5)> + (0.8)2)}
=[0.38,0.57,0.98],
d(z) =[((0.1)" + (0:2)° + (0.3)"), ((0.1)" + (0.5
+(0.5)%), ((0.1)% + (0.2)* + (0.7)2)}
=[0.14,0.51,0.54],
d(t3) = [((0.2)2 +(0.3)* + (0.5)%), ((0.5)> + (0.2)?
+(0.5)°), ((0:2)° + (0.8)” + (0.9)")]
—[0.38,0.54, 1.49],
d(zs) =[((0:2)° + (0.4)° + (0.5)"), ((0.3)" + (0.5
+(0.5)%), ((0.1)* + (0.8)% + (0.9)2)]
=[0.45,0.5,1.46],
d(zs) =[((01 + (02) + (0.3)°), ((0:2)° + (0.2)°
+(0.32), ((0.1)* + (0.3)> + (0.6)2)}
=[0.14,0.17,0.46],

d(ts) = [((0.3)2 +(0.4)% 4 (0.5)%), ((0.2)2 + (0.3)>
+(0.4)°), ((0:3)° + (0:6)° + (0.7)")]
=[0.5,0.29,0.94],

(0.1)* 4 (0.2)* + (
(0.1)* + (0.3)* + (

=[0.68,0.59,2.2].

(
(

Here, we are working on the SVNF-Sombor graph
parameter
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SVNFSO(G)
= Y JT@)N@) Fa)d ) + (T(5), Ng), F5)d ().

7 5,€E(G)

=/(02,0.5,0.8)(0.38,0.57,0.98) + (0.1,0.5,0.7)(0.14,0.51,0.59)

+1/(0.2,0.5,0.8)(0.38,0.57,0.98) + (0.1,0.4,0.8)(0.68,0.59,2.2)
+1/(0.2,0.5,0.8)(0.38,0.57,0.98) + (0.3,0.5,0.7)(0.5,0.29, 0.94)
+/(0.1,05,0.7)(0.14,0.51,0.59) + (0.2,0.5,0.9)(0.38,0.54, 1.49)
+1/(0.1,05,0.7)(0.14,0.51,0.59) + (0.1,0.4,0.8)(0.68,0.59,2.2)
+1/(0.2,0.5,0.9)(0.38,0.54, 1.49) + (0.2,0.5,0.9)(0.45,0.59, 1.46)
+1/(0.2,05,0.9)(0.38,0.54, 1.49) + (0.1,0.4,0.8)(0.68,0.59,2.2)
+1/(0.2,0.5,0.9)(0.45,0.59, 1.46) + (0.1,0.4,0.6)(0.14,0.17, 0.46)
+1/(0.2,0.5,0.9)(0.45,0.59, 1.46) + (0.1,0.4,0.8)(0.68,0.59, 2.2)
+/(0.1,04,0.6)(0.14,0.17,0.46) + (0.1,0.4,0.8)(0.68,0.59,2.2)
+/(0.1,0.4,0.6)(0.14,0.17,0.46) + (0.3,0.5,0.7)(0.68,0.59,2.2)

+1/(0.1,0.4,0.8)(0.68,0.59,2.2) + (0.3,0.5,0.7)(0.68,0.59,2.2).
= V1.145 4 0.682 + /1.145 + 2.064 + \/1.145 + 0.953

+/0.682 + 1.687 + 1/0.682 + 2.064

+V/1.687 + 1.699 + /1.687 + 2.064 + v/1.699 + 0.358

+V/1.699 +2.064 + 1/0.358 + 2.064

+4/0.358 + 0.953 + /2.064 + 0.953.
= 19.3769.

We compute the value of the third invariant of the SVNF-
Sombor graph parameter. By utilizing the formulation of
the third invariant of the SVNF-Sombor graph parameter

(0‘2,?5,5,0.8) (0.1,05,07) (02.05.09)
1 ) T
. 3
(02,05,07) IaY (03.05.02)

Q O Q
o O O
(03,02,06) e (02,03,01)

Ts T Ty

(03,05,07)
(0.1,04,06 ) (0205.09)

Fig. 4 (G-e): Graph of social network
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SVNFSO5(G)

_ Z ﬁ((TmN/uFu) 2( )

d-(p
1, €E(G) (TwNm Fu)d(ﬂi)

_l’_
_l’_

(TwNqu/A>d2(.“j) -
(Tququu>d(ﬂj) .

_ A (0.2,0.5,0.8)(0.38,0.57,0.98) + (0.1,0.5,0.7)(0.14,0.51,0.59)
N (0.2,0.5,0.8)(1.0,1.3,1.6) + (0.1,0.5,0.7)(0.6, 1.1, 1.0)

((0.2, 0.5,0.8)(0.38,0.57,0.98) +

(0.2,0.5,0.8)(1.0,1.3,1.6) +

(0.1,0.4,0.8)(0.68,0.59,2.2)
(0.1,0.4,0.8)(1.8,1.7,3.2)

(0.2,0.5,0.8)(0.38,0.57,0.98
(0.2,0.5,0.8)(1.0,1.3,1.6) +

+

(0.3,0.5,0.7)(0.5,0.29,0.94)
0.3,0.5,0.7)(1.,0.9,1.6)

(0.1,0.5,0.7)(0.6,1.1,1.0

) +

)+
(0.1,0.5,0.7)(0.14,0.51,0.59)
)

1,0.5,0.7)(0.14,0.51,0.59)

+

+
_|_
+

0.2,0.5,0.9)(0.38,0.54, 1.49)
0.2,0.5,0.9)(1.0, 1.2, 1.9)

(0.
(0.1,0.5 07)(06 1,1.0) +
(0.2,0.5,0.9)(0.38,0.54, 1.49) +

+

(0.1,0.4,0.8)(1.8,1.7,3.2)

(02,05 09)(1.0,1.2,1.9)

(0.2,0.5,0.9)(0.38,0.54,1.49) +

+

( )
( )(
( )
(0.1,0.4,0.8)(0.68,0.59,2.2)
+ (0. (1.
( )(
( )

0.2,0.5,0.9)(0.45,0.59, 1.46)
+(0.2,0.5,0.9)(1.1,1.3,1.8)

(0.2,0.5,0.9)(1.0,1.2,1.9) +
2,0.5,0.9)(0.45,0.59, 1.46) +

_|_

(0.1,0.4,0.8)(0.68,0.59,2.2)
(0.1,0.4,0.8)(1.8,1.7,3.2)

(0.2,0.5,0.9)(1.1,1.3,1.8) +

(0.1,0.4,0.6)(0.14,0.17,0.46)
(0.1,0.4,0.6)(0.6,0.7,1.1)

+

(0.2,0.5,0.9)(1.1,1.3,1.8) +

(0.
(0.2,0.5,0.9)(0.45,0.59, 1.46) +
(0.1,0.4,0.6)(0.14,0.17,0.46) +

(0.1,0.4,0.8)(0.68,0.59,2.2)
(0.1,0.4,0.8)(1.8,1.7,3.2)

_|_

(0.1,0.4,0.6)(0.6,0.7,1.1) +
(0.1,0.4,0.6)(0.14,0.17,0.46) +

(0.3,0.5,0.7)(0.50.29, 0.94)
(0.3,0.5,0.7)(1.2,0.9, 1.6)

+

(
(
(
(
(
(
(
(

(0.1,0.4,0.6)(0.6,0.7,1.1) +

+

(0.1,0.4,0.8)(0.68,0.59,2.2)
(0.1,0.4,0.8)(1.8,1.7,3.2)

(0.1,0.4,0.8)(0.68,0.59,2.2) +
(0.1,0.4,0.8)(1.8,1.7,3.2) +

(0.3,0.5,0.7)(0.5,0.29,0.94)
(0.3,0.5,0.7)(1.2,0.9, 1.6)

3386 3.751 2.057 3.763

NG 1.827 n 3.209 n 2.098 n 2.369 2.746
336 547 398 382

4.73
2422

5 * 5.93 * 3.49 + 591
1.311 +3.017 .
442 535

* 2.93

= \/5(0.5444 +0.5867 4+ 0.5271 + 0.6202 + 0.5806
+0.6772 + 0.6326 4 0.5894 + 0.6367 + 0.8266

+0.2966 + 0.5632) 7.
= 31.4614.

Compute the value of the SVNF-Sombor graph

parameter in the fourth version:

By applying the formulation of the fourth version of the

SVNF-Sombor graph parameter
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SVNFS04(G) By removing the vertex (people) from the connecting
_ Z 1 (TN Fr)d? (1) + (T, Ny, Fr)d network. Then, will Al send a friend suggestion to other
wiiei @2\ TN F)d() + (TN, Fu)d people who do not know the considerable person? We
1 £(02,05,0.8)(0.38,0.57,0.98) + (0.1,0.5,0.7)(0.14,0.51,0. 59)\ 2 determined the methodology for that situation using the
) (0.2,0.5,0.8)(1.0,1.3,1.6) +(0.1,0.5,0.7)(0.6, 1.1,1.0) SVNF-graph parameters:
(0.2,0.5,0.8)(0.38,0.57,0.98) + (0.1,0.4,0.8)(0.68,0.59,2.2)\ > It we delete the vertex or person (people) from the
(0.2,0.5,0.8)(1.0,13,1.6) 1 (0.1,0.4,0.8)(1.8,1.7,3.2) vertlcc?s or person (people)s A 17, from the Gl‘. Tl.len, we
(0.2,0.5,0.8)(0.38,0.57,0.98) + (0.3,0.5,0.7)(0.5,0.29,0.94) > established a new SVN graph (G,), as shown in Fig. 4.
+ (0.2,0.5,0.8)(1.0,1.3,1.6) + (0.3,0.5,0.7)(1.,0.9,1.6) First, we calculate the degree of every person (people).
+< (0.1,0.5,0.7)(0.14,0.51,0.59) +(0.2,0.5,0.9)(0.38,0.54,1.49)\ > When we delete a vertex
(0.1,05,0.7)(0.6,1.1,1.0)+(0.2,0.5,0.9)(1.0,1.2,1.9) d(t)) =[(0.2+0.5,0.5 4+ 0.4,0.7 + 0.3)] = (0.7,0.9, 1.0)
(0.1,0.5,0.7)(0.14,0.51,0.59) 4 (0.1,0.4,0.8)(0.68,0.59,2.2) 2 . B
+< 10507006 1101 (0104 08151732 d(t2) =[(0.240.3,0.5+0.5,0.7 + 0.2)] = (0.5,1.0,0.9)
+< (0.2,0.5,0.9)(0.38,0.54,1.49) +(0.2,0.5,0.9)(0.45,0.59,1.46) > d(13) =[(0.3+0.5,0.5+0.5,0.2 + 0.8)] = (0.8,1.0,1.0)
(0.2,0.5,0.9)(1.0,1.2,1.9)+(0.2,0.5,0.9)(1.1,1.3,1.8) d(t4) =[(0.240.5,0.5+0.3,0.8 +0.1)] = (0.7,0.8,0.9)
+< (0.2,0.5,0.9)(0.38,0.54,1.49) +(0.1,0.4,0.8)(0.68,0.59,2.2)\ 2 d(Ts) :[(02+03,02+03,06+01)] — (05705707)
(0.2,0.5,0.9)(1.0,1.2,1.9)+ (0.1,0.4,0.8)(1.8,1.7,3.2) Je) —I(03 405,02 4+ 0.4 0.6+ 03) — (0.8.0.6.0.9
(0.2,0.5,0.9)(0.45,0.59,1.46) +(0.1,0.4,0.6)(0.14,0.17,0.46)\ > (6) =[(03+0.5,0.2+04,0.6 +0.3)] = (0.8,0.6,0.9).
UT(02,05,09)(1.1,1.3,1.8)+(0.1,0.4,0.6)(0.6,0.7, 1.1)
(0.2,0.5,0.9)(0.45,0.59, 1.46)+ (0.1,0.4,0.8)(0.68,0.59,2.2) Now, we compute the square degree of every person
T 02,05,09)(1.1,13,1.8)+(0.1,04,08)(1.8,1.7,3.2) (people)
(0.1,0.4,0.6)(0.14,0.17,0.46) + (0.3,0.5,0.7)(0.50.29,0.94) 2 - 2 2 2 2
+< (0.1,0.4,0.6)(0.6,0.7,1.1)+(0.3,0.5,0.7)(1.2,0.9, 1.6 ) B % (0.5)° 4+ (04, (07" + (03) )}
(0.1,0.4,0.6)(0.14,0.17,0.46) +(0.1,0.4,0.8)(0.68,0.59,2.2) 2 2(029 0.41 058)
"\ T(0.1,04,0.6)(0.6,0.7,1.1) 1 (0.1,04,0.8)(1.8,1.7,3.2) _ 0.5 + (0.5 (0.7) + (0_2)2)]
2
+( (0.1,0.4,0.8)(0.68,0.59,2.2) + (0.3,0.5,0.7)(0.5,0.29,0.94)> :(0 34.0.5.0. 68)
(0.1,0.4,0.8)(1.8,1.7,3.2)+(0.3,0.5,0.7)(1.2,0.9, 1.6) , . . .
_1[(1827, 3209, 2098, 2369, :[ %,(05)° +(0.5),(02)° + (0.8) )}
21336 "5 TR T, =(0.29,0.34,0. 65)
2746, 3.386
Gog)+ 5 :[ )2, (0.5)% + (0.3)%,(0.8)° + (0.1)2)}
3.751, 2.057, 3.763, 2422, =(0.13,0.13,0. 37)
5.93) (3.49) (5.91 ) +(2.93) ) )
(1.311)2 (3.017)2} =[( 0.3)%,(0.2)% + (0.3)%,(0.6)* + (0.1) )}
44270535 :(0 13,0.2,0.45
:% ((0.5444)2+ (0.5867)*+(0.5271)* +(0.6202)° _ [(

)
0.5,(02)" + (0.4)’, (0.6)" + (0.3)")]
)

+(0.5806)*+(0.6772)° (0.13,0.5,0.53

+(0.6326) 4 (0.5894)* + (0.6367)* + (0.8266)*

L (0.2966)2 4 (0. 5632)2>n Here, we are working on the SVNF-Sombor graph
‘ ) parameter

=0.5(4.33963)n

=6.8166615.
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SVNFSO(G)

= > TN, @) () + (T(5),N (), F5)d(5),
15 €E(G)

=1/(0.2,0.5,0.8)(0.29,0.41,0.58) + (0.1,0.5,0.7)(0.13,0.5,0.53)
+1/(0.2,0.5,0.8)(0.29,0.41,0.58) + (0.3,0.5,0.7)(0.34,0.2,0.45)
+4/(0.1,0.5,0.7)(0.13,0.5,0.53) + (0.2,0.5,0.9)(0.34,0.5, 0.68)
+4/(0.2,0.5,0.9)(0.29,0.34,0.65) + (0.1,0.4,0.6)(0.13,0.5,0.53)
+4/(0.2,0.5,0.9)(0.34,0.5,0.68) + (0.2,0.5,0.9)(0.29,0.34,0.65)
+1/(0.1,0.4,0.6)(0.13,0.5,0.53) + (0.3,0.5,0.7)(0.34,0.2,0.45).

=1/0.727 + 0.634 + v/0.727 + 0.517 4+ 1/0.634 + 0.93| + /0.93 + 0.813

+10.813 +0.513 + v0.513 + 0.517.
= 1.1666 + 1.1154 4+ 1.2506 + 1.3202 + 1.1593 + 1.0237.
= 6.035819.

We compute the value of the third invariant of the SVNF-
Sombor graph parameter. By utilizing the formulation of
the third invariant of the SVNF-Sombor graph parameter

SVNFSO0;(G)

Z \/—< (T, Ny, Fr)d (#i)JF(TmNmFM)dZ(Nj))m
u,M,EE( (T, Nu, Fr)d (1) + (T Ny Fu)d (1)
_ \6[((0.2,0.5,0.8)(0.29,0.41,0.58) + (0.1,0.5,0.7)(0.13,0.5,0.53))
(0.2,0.5,0.8)(0.7,0.9, 1.0) + (0.1,0.5,0.7)(0.5, 1.0,0.9)
(0.2,0.5,0.8)(0.29,0.41,0.58) + (0.3,0.5,0.7)(0.34,0.2, 0.45)
( (0.2,05,0.8)(0.7,09,1.0) + (0.3,0.5,0.7)(0.8,0.6,0.9) )
(0.1,0.5,0.7)(0.13,0.5,0.53) + (0.2,0.5,0.9)(0.34,0.5, 0.68)
( (0.1,0.5,0.7)(0.5, 1.0,0.9) 1 (0.2,0.5,0.9)(0.8, 1.0, 1.0) )
(0.2,0.5,0.9)(0.29,0.34,0.65) + (0.1,0.4,0.6)(0.13,0.5,0.53)
< (02,0.5,0.9)(0.7,0.8,0.9) + (0.1,0.4,0.6)(0.5,0.5,0.7) )

N <(o.2, 0.5,0.9)(0.34,0.5,0.68) + (0.2,0.5,0.9)(0.29, 0.34, 0.65))
(0.2,0.5,0.9)(0.8,1.0,1.0) + (0.2,0.5,0.9)(0.7,0.8,0.9)
(0.1,0.4,0.6)(0.13,0.5,0.53) + (0.3,0.5,0.7)(0.34, 0.2, 0.45)
( (0.1,0.4,0.6)(0.5,0.5,0.7) + (0.3,0.5,0.7)(0.8,0.6,0.9) )]
[1.1666 1.1154 12506 1.3202 1.1593 1.0237}

+

T

[\

2.57 + 2.56 * 2.74 + 291 + 2.02 + 1.84

\/_(O 4539 +0.4357 + 0.4564 + 0.4537
+0.5739 + 0.5564).
= 13.017647.

We compute the value of the fourth invariant of the SVNF-
Sombor graph parameter. By utilizing the formulation of
the fourth invariant of the SVNF-Sombor graph parameter
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SVNFSO5(G)
2
Loy (N FOR() (T Ny )R
,u,,u,-eE(G)Z (TH’NH’FH)d(Ni)+(TH’NH’F)d(ﬂ])

(0.2,0.5,0.8)(0.29,0.41,0.58) +
(0.2,0.5,0.8)(0.7,0.9,1.0) +

(0.1,0.5,0.7)(0.13,0.5,0.53)\ >
(0.1,0.5,0.7)(0.5,1.0,0.9)

E
(0.2,0.5,0.8)(0.29,0.41,0.58) +
(0.2,0.5,0.8)(0.7,0.9, 1.0) +
+

(0.3,0.5,0.7)(0.34,0.2,0.45)\ >
(0.3,0.5,0.7)(0.8,0.6,0.9)

(0.1,0.5,0.7)(0.13,0.5,0.53) +
(0.1,0.5,0.7)(0.5,1.0,0.9) +
)

0.2,0.5,0.9)(0.29,0.34,0.65)

(0.2,0.5,0.9)(0.34,0.5,0.68)\ >
(0.2,0.5,0.9)(0.8,1.0,1.0)

(0.2,0.5,0.9)(0.7,0.8,0.9) +

+(0.1,0.4,0.6)(0.13,0.5,0.53)\ >
(0.1,0.4,0.6)(0.5,0.5,0.7)

+(< (

(0.2,0.5,0.9)(0.34,0.5,0.68) +
+< (0.2,0.5,0.9)(0.8,1.0,1.0)
(

0.1,0.4,0.6)(0.13,0.5,0.53) +

(0.2,0.5,0.9)(0.29,0.34,0.65) >
+(02,0.5,0.9)(0.7,0.8,0.9)
(

( (0.1,0.4,0.6)(0.5,0.5,0.7) +

1.1666., 1.1154, 1.2506,,  1.3202
=V2
\/_[( 2.57 )+ 2.56 J 2.74 )+ 291

1.1593, ,1.0237 2}

)2

2 ) e
=2 ((0.4539)2 + (0.4357)% + (0.4564) + (0.4537)>

+(0.5739)% + (0.5564)2) .
— 2.27599987.

(0.3,0.5,0.7)(0.34,0.2,0.45)\ 2
(0.3,0.5,0.7)(0.8,0.6,0.9)

Now, we studied both graphs G; and G, for SVNFSO,
SVNFSO3, and SVNFSOy, Then, we construct a Table 1 for
comparative study.

4.2 Comparative analysis

Sombor topological index and their invariants were pro-
posed by Gutman (2022). He gave equal weight to every
edge, vertex, or person (people), which is called a crisp
graph. Here, we gave the weight to every edge or person
(people) between 0 and 3, which is more generalized. A
single-valued neutrosophic is more generalized than a
fuzzy framework for graphs, crisp graphs.

We also observe that for the whole networks, the arti-
ficial intelligence has maximum chance to send friend
request to the other people by the SVNFSO-graph param-
eter and the third and fourth versions of the SVNFSO-
graph parameter. On behalf of human opinion when
deleting a vertex (person), then artificial intelligence has
minimum chances to send friend request to other people.
Therefore, our method is more liable than other existing
methods or fuzzy topological graph parameters

Table 1 Studied the behavior of

both graphs among SVNFSO,, Tls G G G -G

SVNFSOs, and SVNFSO4, SVNFSO, 19.3769 6.035819 19.3769—6.035819= 13.341081
SVNFSO; 31.4614 13.017647 31.4614—13.017647=18.446353
SVNFSO, 6.8166615 227599987 6.8166615—2.27599987=4.5406616
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5 Conclusion and further discussion

In this research work, we proposed some new TIs for the
frame of a SVNF-graph. The main outcomes of our
research work are: We introduced the idea of the Sombor
version of the SVNF-Sombor graph parameter for SVNF-
graph and determined its bounds and their properties. We
defined the concept of the third version of the SVNF-
Sombor graph parameter in the SVNF-graph framework
and also determined its bounds and properties. We defined
the concept of the fourth invariant of the Sombor graph
parameter in the SVNF-graphs framework and also deter-
mined their bounds and properties. An application of TIs to
the graph structure of the social network friend suggestion
via artificial intelligence between the person (people)s is
given. In this application, we have shown that by deleting
(blocking) person (people)s or vertex 77, how much chance
does artificial intelligence have to send friend suggestions
to other people?

The trajectory of future investigations emanating from
this study lies in the cultivation of a deeper understanding
of the intricate interplay between novel single-value neu-
trosophic fuzzy topological graph parameters and their
application in the realm of social media dynamics. Sub-
sequent endeavors should delve into the refinement and
extension of these parameters, exploring their adaptability
to evolving structures within online networks. The inte-
gration of machine learning methodologies to predict and
analyze social interactions could unlock unprecedented
insights. Furthermore, the elucidation of the broader
implications on information dissemination and influence
dynamics within social media ecosystems stands as an
imperative avenue for exploration. In navigating this
complex terrain, a synthesis of mathematical rigor and
computational methodologies will be instrumental in
shaping the future discourse in this burgeoning interdisci-
plinary domain. We are providing the path to the
researchers for the future to investigate the properties of
several topological graph parameters in different environ-
ments like picture fuzzy graph and Pythagorean fuzzy
graph.

The proposed model, while pioneering in its exploration
of novel single-value neutrosophic fuzzy topological graph
parameters, iS not immune to inherent limitations. The
abstraction and quantification of nuanced social interac-
tions within the confines of a mathematical framework
inherently grapple with the intricacies of human behavior,
yielding a model susceptible to oversimplification. Addi-
tionally, the efficacy of the model is contingent upon the
fidelity of data sources, introducing a potential limitation
rooted in the veracity and completeness of the social media
datasets. The adaptability of the proposed parameters to

@ Springer

dynamic shifts in online discourse and the evolving nature
of social networks warrants further scrutiny, as the model
may encounter challenges in capturing the temporal
nuances inherent in social media dynamics.
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