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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 0 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; Yüksel 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

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�; 1þ� ½. The

researcher produced a few operations on Ns, such as

Cartesian product, complement, union, etc. The researchers
Extended author information available on the last page of the article
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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 SVNFS is an extension of the IFS,

which has three independent membership values, and these

values are from the interval ½0; 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

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 themarket. 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 TI 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,

SVNFS 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 C be a space of an object with gener-

ated elements in C represented by c: A single-valued

neutrosophic set W (SVNS W) is associated an neutral

value NwðcÞ, and a falsity value FwðcÞ; by truth value

TwðcÞ, For each object of c in C TwðcÞ; NwðcÞ; and FwðcÞ
2 ½0; 1�: A SVNFS written as

W ¼ \c : TwðcÞ;NwðcÞ;FwðcÞ : c 2 C
� �

: ð1Þ

Definition 2.2 Let G ¼ ð!;hÞ be a fuzzy graph, where !
is an Fs of a non-empty space and h is a symmetric

function relation on !: ! : V ! ½0:1� and

h : V � V ! ½0; 1�, such that !ðuvÞ�!ðuÞ ^ !ðvÞ v 2 V:

! is called the fuzzy vertex set of V and h is called the

fuzzy edge set of E.

Definition 2.3 Consider G ¼ ð!; ~hÞ be an intuitionistic

fuzzy graphs IFG.

1. ! ¼ fc1; c2; c3. . .; cng, such that f1 : ! ! ½0; 1� repre-
sent the degree of membership and m1 : ! ! ½0; 1�
expressed for the non-membership of the point ci 2
!ði ¼ 1; 2; 3; . . .; nÞ; respectively.
0� f1ðciÞ þ m1ðciÞ� 1: ð2Þ

2. C � !� !; where f2 : !� ! ! ½0; 1� and m2 : !�
! ! ½0; 1�; such that

f2ðci; cjÞ� min½f1ðciÞ; f1ðcjÞ� ð3Þ

m2ðci; cjÞ� min½m1ðciÞ; m1ðcjÞ�; ð4Þ

0� f2ðci; cjÞ þ m2ðci; cjÞ� 1; for each ðci; cjÞ 2 C or

E ¼ ði; j ¼ 1; 2; 3; . . .; nÞ:

Definition 2.4 G ¼ ðK; ~KÞ be the single-valued neutro-

sophic fuzzy graph, where

1. The degree of truth membership TK : V ! ½0; 1�; the
degree of neutral (indeterminacy) membership NK :
V ! ½0; 1�; and the degree of falsity membership FK :

V ! ½0; 1�; of the component vi 2 V ; respectively

0� TKðciÞ þ NKðciÞ þ FKðciÞ� 3;

for all vi 2 V :

2. The degree of truth membership T ~K : E � V � V !
½0; 1�; the degree of neutral (indeterminacy) member-

ship N ~K : E � V � V ! ½0; 1�; and the degree of falsity
membership F ~K : E � V � V ! ½0; 1�; are defined as

T ~Kðci; cjÞ� min TKðciÞ; TKðcjÞ
� �

;

N ~Kðci; cjÞ� max NKðciÞ;NKðcjÞ
� �

; and F ~Kðci; cjÞ
� max FKðciÞ;FKðcjÞ

� �
of the edge ðci; cjÞ 2 E;

respectively

0� T ~Kðci; cjÞ;N ~Kðci; cjÞ;F ~Kðci; cjÞ� 3;

for all ðci; cjÞ 2 Eði; j ¼ 1; 2; 3; . . .; nÞ:

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 ¼
X

vi2VðGÞ
TGðviÞ;

X

vi2VðGÞ
NGðviÞ;

X

vi2VðGÞ
FGðviÞ

0

@

1

A

0

@

�ð
X

vi2VðGÞ
TGðvÞ;

X

vi2VðGÞ
NGðvÞ;

X

vi2VðGÞ
FGðvÞÞ

1

A

and size of the new single-valued neutrosophic graph is

Granular Computing (2024) 9:37 Page 3 of 26 37

123



m ¼
X

vivj2EðGÞ
TGðvi; vjÞ;

X

vivj2EðGÞ
NGðvi; vjÞ;

X

vivj2EðGÞ
FGðvi; vjÞ

0

@

1

A

0

@

�ð
X

vu2EðGÞ
TGðv; uÞ;

X

vu2EðGÞ
NGðv; uÞ;

X

vu2EðGÞ
FGðv; uÞÞ

1

A:

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 ¼ SVNF � graph� 1

¼
X

vivj2EðGÞ
TGðvi; vjÞ;

X

vivj2EðGÞ
NGðvi; vjÞ;

X

vivj2EðGÞ
FGðvi; vjÞ

0

@

1

A

0

@

�ð
X

vu2EðGÞ
TGðv; uÞ;

X

vu2EðGÞ
NGðv; uÞ;

X

vu2EðGÞ
FGðv; uÞÞ

1

A:

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

SVNFSOðGÞ
¼

X

sisj2EðGÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTðsiÞ;NðsiÞ;FðsiÞÞd2ðsiÞ þ ðTðsjÞ;NðsjÞ;FðsjÞÞd2ðsjÞ

q
;

ð5Þ

where TsðiÞ ; NsðiÞ ; FsðiÞ ; and dðsiÞ are the truth membership,

neutral membership, falsity value of node, and degree of a

node.

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.

Suppose that truth membership degree, neutral value, and

falsity degree of a vertex as follows: fTx;Nx;Fxg ¼
ð0:2; 0:5; 0:8Þ; fTy;Ny;Fyg ¼ ð0:9; 0:7; 0:1Þ; and

fTz;Nz;Fzg ¼ ð0:4; 0:6; 0:3Þ; are illustrated in Fig. 1.

Solution 1 Consider G have with 3 vertices and 2 edges,

respectively. Degree of the vertices are the following:

WðxÞ ¼ ð0:2; 0:7; 0:8Þ; WðyÞ ¼ ð0:6; 1:4; 1:1Þ; and WðzÞ ¼
ð0:4; 0:7; 0:3Þ: Now, we compute square of degree of ver-

tices are the following: W2ðxÞ ¼ ð0:04; 0:49; 0:64Þ;
W2ðyÞ ¼ ð0:20; 0:98; 0:73Þ; andW2ðzÞ ¼ ð0:16; 0:49; 0:09Þ:

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

parameter

Definition 3.2 The third version of the fuzzy Sombor

graph parameter for SVNF-framework is defined as

Fig. 1 Single-valued neutrosopic fuzzy graph

SVNFSOðGÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:8Þ:ð0:04; 0:49; 0:64Þ þ ð0:9; 0:7; 0:1Þ:ð0:20; 0:98; 0:73Þð Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:4; 0:6; 0:3Þ:ð0:16; 0:49; 0:09Þ þ ð0:9; 0:7; 0:1Þ:ð0:20; 0:98; 0:73Þð Þ

p

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:77þ 0:94

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:94þ 0:39

p

¼ 2:46:
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SVNFSO3ðGÞ¼
X

uiuj2EðGÞ

ffiffiffi
2

p

ðTðuiÞ;NðuiÞ;FðuiÞÞd2ðuiÞþðTðujÞ;NðujÞ;FðujÞÞd2ðujÞ
ðTðuiÞ;NðuiÞ;FðuiÞÞdðuiÞþðTðujÞ;NðujÞ;FðujÞÞdðujÞ

� �
p;

ð6Þ

where TðuiÞ; NðuiÞ; FðuiÞ; and dðuiÞ 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 {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: fTx;Nx;Fxg ¼
ð0:2; 0:5; 0:8Þ; fTy;Ny;Fyg ¼ ð0:9; 0:7; 0:1Þ; and

fTz;Nz;Fzg ¼ ð0:4; 0:6; 0:3Þ; are illustrated in Fig. 1.

Solution 2 Consider G have with 3 vertices and 2 edges,

respectively. Degree of the vertices are the following:

WðxÞ ¼ ð0:2; 0:7; 0:8Þ; WðyÞ ¼ ð0:6; 1:4; 1:1Þ; and WðzÞ ¼
ð0:4; 0:7; 0:3Þ: Now, we compute square of degree of ver-

tices are the following: W2ðxÞ ¼ ð0:04; 0:49; 0:64Þ;
W2ðyÞ ¼ ð0:20; 0:98; 0:73Þ; andW2ðzÞ ¼ ð0:16; 0:49; 0:09Þ:

Using the mathematical Eq. (6) of third version of the

SVNFSO-graph parameter

Definition 3.3 The fourth version of the fuzzy Sombor

graph parameter for SVNF-framework is defined as

SVNFSO4ðGÞ ¼
X

uiuj2EðGÞ

1

2

ðTðuiÞ;NðuiÞ;FðuiÞÞd2ðuiÞ þ ðTðujÞ;NðujÞ;FðujÞÞd2ðujÞ
ðTðuiÞ;NðuiÞ;FðuiÞÞdðuiÞ þ ðTðujÞ;NðujÞ;FðujÞÞdðujÞ

� �2

p;

ð7Þ

where TðuiÞ; NðuiÞ; FðuiÞ; and dðuiÞ are the truth mem-

bership, neutral membership, falsity value of node, and

degree of a node.

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: fTx;Nx;Fxg ¼
ð0:2; 0:5; 0:8Þ; fTy;Ny;Fyg ¼ ð0:9; 0:7; 0:1Þ; and

fTz;Nz;Fzg ¼ ð0:4; 0:6; 0:3Þ; are illustrated in Fig. 1.

Solution 3 Consider G have with 3 vertices and 2 edges,

respectively. Degree of the vertices are the following:

WðxÞ ¼ ð0:2; 0:7; 0:8Þ; WðyÞ ¼ ð0:6; 1:4; 1:1Þ; and WðzÞ ¼
ð0:4; 0:7; 0:3Þ: Now, we compute square of degree of ver-

tices are the following: W2ðxÞ ¼ ð0:04; 0:49; 0:64Þ;
W2ðyÞ ¼ ð0:20; 0:98; 0:73Þ; andW2ðzÞ ¼ ð0:16; 0:49; 0:09Þ:

Using the mathematical Eq. (7) of fourth version of

SVNFSO�graph parameter

SVNFSO4ðGÞ

¼1

2

ð0:2;0:5;0:8Þ:ð0:04;0:49;0:64Þþð0:9;0:7;0:1Þ:ð0:20;0:98;0:73Þ
ð0:2;0:5;0:8Þ:ð0:2;0:7;0:8Þþð0:9;0:7;0:1Þ:ð0:6;1:4;1:1Þ

� �2
 

þ ð0:4;0:6;0:3Þ:ð0:16;0:49;0:09Þþð0:9;0:7;0:1Þ:ð0:20;0:98;0:73Þ
ð0:4;0:6;0:3Þ:ð0:4;0:7;0:3Þþð0:9;0:7;0:1Þ:ð0:6;1:4;1:1Þ

� �2
!

p:

¼1

2

0:77þ0:94

1:03þ1:63

� �2

þ 0:39þ0:94

0:67þ1:63

� �2
 !

p:

¼1:17:

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:

SVNFSO3ðGÞ ¼
ffiffiffi
2

p ð0:2; 0:5; 0:8Þ:ð0:04; 0:49; 0:64Þ þ ð0:9; 0:7; 0:1Þ:ð0:20; 0:98; 0:73Þ
ð0:2; 0:5; 0:8Þ:ð0:2; 0:7; 0:8Þ þ ð0:9; 0:7; 0:1Þ:ð0:6; 1:4; 1:1Þ

�

þð0:4; 0:6; 0:3Þ:ð0:16; 0:49; 0:09Þ þ ð0:9; 0:7; 0:1Þ:ð0:20; 0:98; 0:73Þ
ð0:4; 0:6; 0:3Þ:ð0:4; 0:7; 0:3Þ þ ð0:9; 0:7; 0:1Þ:ð0:6; 1:4; 1:1Þ

�
p:

¼
ffiffiffi
2

p 0:77þ 0:94

1:03þ 1:63
þ 0:39þ 0:94

0:67þ 1:63

� �
p:

¼ 5:43:
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(i) Supposed that ~k be a vertex is deleted from the

SVNF-graph. Then, we have

SVNFSOðGÞ[ SVNFSOðG� ~kÞ:

(ii) Supposed that ~c~t be an edge is deleted from the

SVNF-graph. Then, we have

SVNFSOðGÞ[ SVNFSOðG� ~c~tÞ:

Proof

(i) Let G be an SVNF-graph of vertex @ is deleted

from G. Then, we have

SVNFSOðGÞ

¼
X

sisj2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTðsiÞ;NðsiÞ;FðsiÞÞd2ðsiÞ þ ðTðsjÞ;NðsjÞ;FðsjÞÞd2ðsjÞ

q
:

¼
X

�U 2 EðGÞ
@�;@U 62 EðGÞ

�;U 6¼ @

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð�Þ;Nð�Þ;Fð�ÞÞd2ð�Þ þ ðTðUÞ;NðUÞ;FðUÞÞd2ðUÞ

p
þ

X

�
0U0 2 EðGÞ

@�0 62 EðGÞ;@U0 2 EðGÞ
�
0;U0 6¼ @

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð�0Þ;Nð�0Þ;Fð�0ÞÞd2ð�0Þ þ ðTðU0Þ;NðU0Þ;FðU0ÞÞd2ðU0Þ

q

þ
X

f0@0 2 EðGÞ
@f0 2 EðGÞ;@@0 2 EðGÞ

@0 6¼ @

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTðf0Þ;Nðf0Þ;Fðf0ÞÞd2ðf0Þ þ ðTð@0Þ;Nð@0Þ;Fð@0ÞÞd2ð@0Þ

q

[
X

�U 2 EðGÞ
@�;@U 62 EðGÞ

�;U 6¼ @

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð‘Þ;Nð‘Þ;Fð‘ÞÞd2ð�Þ þ ðTðUÞ;NðUÞ;FðUÞÞd2ðUÞ

p
þ

X

�
0U0 2 EðGÞ

@�0 62 EðGÞ;@U0 2 EðGÞ
�
0;U0 6¼ @

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð�0Þ;Nð�0Þ;Fð�0ÞÞd2ð�0Þ þ ðTðU0Þ;NðU0Þ;FðU0ÞÞðKmÞ

q

þ
X

f0@0 2 EðGÞ
@f0 2 EðGÞ;@@0 2 EðGÞ

@0 6¼ @

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTðf0Þ;Nðf0Þ;Fðf0Þ; ðKrÞÞ þ ðTð@0Þ;Nð@0Þ;Fð@0ÞðKpÞÞ

q

¼ SVFSOðG� @Þ;

where Km ¼ dðU0Þ � ðTð@;U0Þ;ð Nð@;U0Þ;
Fð@;U0ÞÞÞ2; Kr ¼ dðf0Þ � ðTð@; f0Þ;Nð@; f0Þ;ð
Fð@; f0ÞÞÞ2; and Kp ¼ dð@0Þ � ðTð@;@0Þ;Nð@;@0Þ;ð
Fð@;@0ÞÞÞ2: Therefore

SVNFSOðGÞ[ SVNFSOðGÞ:

(ii) Let G be an SVNF-graph has an edge e ¼ ı|; which

is deleted from G. Then, we have
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SVNFSOðGÞ

¼
X

sisj2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTðsiÞ;NðsiÞ;FðsiÞÞd2ðsiÞ þ ðTðsjÞ;NðsjÞ;FðsjÞÞd2ðsjÞ

q

¼
X

/k 2 EðGÞ
ı/;/| 62 EðGÞ
kı;k| 62 EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð/Þ;Nð/Þ;Fð/ÞÞd2ð/Þ þ ðTðkÞ;NðkÞ;FðkÞÞd2ðkÞ

q
þ

X

�
00U00 2 EðGÞ

ı�00 2 EðGÞ; |U00 62 EðGÞ
�
00 6¼ ı

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð�00Þ;Nð�00Þ;Fð�00ÞÞd2ð�00Þ þ ðTðU00Þ;NðU00Þ;FðU00ÞÞd2ðU00Þ

q

þ
X

�
00U00 2 EðGÞ

ı�00 62 EðGÞ; |U00 2 EðGÞ
U00 6¼ |

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð�00Þ;Nð�00Þ;Fð�00ÞÞd2ð�00Þ þ ðTðU00Þ;NU00;FU00Þd2ðU00Þ

q

þ
X

|g 2 EðGÞ | 6¼ g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð|Þ;Nð|Þ;Fð|ÞÞd2ð|Þ þ ðTðgÞ;NðgÞ;FðgÞÞd2ðgÞ

p

[
X

/k 2 EðGÞ
ı/;/| 62 EðGÞ
kı;k| 62 EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð/Þ;Nð/Þ;Fð/ÞÞd2ð/Þ þ ðTðkÞ;NðkÞ;FðkÞÞd2ðkÞ

q
þ

X

�
00U00 2 EðGÞ

ı�00 2 EðGÞ; |U00 62 EðGÞ
�
00 6¼ ı

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð�00Þ;Nð�00Þ;Fð�00ÞÞðkÞ þ ðTðU00Þ;NðU00Þ;FðU00ÞÞd2ðU00Þ

q

þ
X

�
00U00 2 EðGÞ

ı�00 62 EðGÞ; |U00 2 EðGÞ
U00 6¼ |

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð�00Þ;Nð�00Þ;Fð�00ÞÞd2ð�00Þ þ ðTðU00Þ;NU00;FU00Þðk1Þ

q

þ
X

|g 2 EðGÞ
| 6¼ g

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTð|Þ;Nð|Þ;Fð|ÞÞðk2Þ þ ðTðgÞ;NðgÞ;FðgÞÞd2ðgÞ

p
:

¼ SVNFSOðG� ı|Þ:

k1 ¼ dðU00Þ � T ı|;Nðı|Þ;Fðı|Þð Þð Þ2;
k2 ¼ d2ð|Þ � ðTðı|Þ;Nðı|Þ;Fðı|ÞÞð Þ2;

and k ¼ dð�00Þ � Tðı|Þ;Nðı|Þ;Fðı|Þð Þð Þ2:
Therefore

SVNFSOðGÞ[ SVNFSOðG� ı|Þ:

h

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

SVNFSOðGÞ\
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

0

@

1

A

vuuut ;

if a ¼ b; then it is equal to zero.

Proof Using the formulation of the second version of the

SVNF-Sombor graph parameter

SVNFSOðGÞ

¼
X

lilj2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTl;Nl;FlÞd2ðliÞ þ ðTl;Nl;FlÞd2ðljÞ

q
;

where ðTlÞ truth degree, ðNlÞ neutral degree, and ðFlÞ
falsity degree are not same.

Assume that G is an SVNF-graph with order

X

g;ĝ2VðGÞ
ðTÞ;

X

g;ĝ2VðGÞ
ðNÞ;

X

g;ĝ2VðGÞ
ðFÞ

0

@

1

A and size is

X

gĝ2EðGÞ
ðTÞ;

X

gĝ2EðGÞ
ðNÞ;

X

gĝ2EðGÞ
ðFÞ

0

@

1

A; respectively.

Then, TðĝÞ\
X

g;ĝ2VðGÞ
ðTÞ; NðĝÞ\

X

g;ĝ2VðGÞ
ðNÞ; and

FðĝÞ\
X

g;ĝ2VðGÞ
ðFÞ: Now, compute the degree of any vertex
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of G, as: dðĝÞ ¼
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ;

0

@
X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞÞ: Also,

X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðTÞ;

X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðNÞ; and

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðFÞ: Compute the square of

the degree of any vertex of G as:

d2ðĝÞ ¼
X

ĝ	 gĝ2EðGÞ
ðT2ðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðN2ðgĝÞÞ;

0

@

X

ĝ	 gĝ2EðGÞ
ðF2ðgĝÞÞÞ: Also,

X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ2;

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðNÞ2; and

X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðFÞ2:

Using these inequalities, we get

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ:

X

g;ĝ2VðGÞ
ðTÞ2; ð8Þ

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðNÞ:

X

g;ĝ2VðGÞ
ðNÞ2; ð9Þ

and

FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðFÞ:

X

g;ĝ2VðGÞ
ðFÞ2: ð10Þ

Adding above three inequalities. 8, 9, and 10

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ3

þ
X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3:

ð11Þ

Similarly

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ\

X

g;ĝ2VðGÞ
ðTÞ3

þ
X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3:

ð12Þ

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

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞþ

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

0

@

þ
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

1

A:

ð13Þ

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞþ

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\ 2
X

g;ĝ2VðGÞ
ðTÞ3 þ 2

X

g;ĝ2VðGÞ
ðNÞ3 þ 2

X

g;ĝ2VðGÞ
ðFÞ3

0

@

1

A:

ð14Þ

Thus

SVNFSOðGÞ

\

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

0

@

1

A

vuuut :

h

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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(i) Suppose that ~k be a vertex deleted from the SVNF-

graph. Then, we have

SVNFSO3ðGÞ[ SVNFSO3ðG� ~kÞ:

(ii) Suppose that ~c~t be an edge deleted from the SVNF-

graphs. Then, we have

SVNFSO3ðGÞ[ SVNFSO3ðG� ~c~tÞ:

Proof

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

from G

SVNFSO3ðGÞ

¼
X

uiuj2EðGÞ

ffiffiffi
2

p ðTðuiÞ;NðuiÞ;FðuiÞÞd2ðuiÞ þ ðTðujÞ;NðujÞ;FðujÞÞd2ðujÞ
ðTðuiÞ;NðuiÞ;FðuiÞÞdðuiÞ þ ðTðujÞ;NðujÞ;FðujÞÞdðujÞ

� �
p:

¼
ffiffiffi
2

p X

~h~y 2 EðGÞ
~k ~h; ~k~y 62 EðGÞ

~h; ~y 6¼ ~k

ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞd2ð ~hÞ þ ðTð~yÞ;Nð~yÞ;Fð~yÞÞd2ð~yÞ
ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð ~hÞ þ ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð~yÞ

 !

þ

0

BBBBBBBBBBB@

X

~h
0
~y0 2 EðGÞ

~k ~h
0 62 EðGÞ; ~k~y0 2 EðGÞ

~h
0
; ~y0 6¼ ~k

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞd2ð ~h0Þ þ ~c

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞdð ~h0Þ þ ~c44

 !

þ
X

~f0~k
0 2 EðGÞ

~kf0 2 EðGÞ; ~k~k0 2 EðGÞ
~k
0 6¼ ~k

ðTððf0ÞÞ;Nðf0Þ;Fðf0ÞÞd2ðf0Þ þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞd2ð~k0Þ
ðTððf0ÞÞ;Nðf0Þ;Fðf0ÞÞdðf0Þ þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞdð~k0Þ

 !

þ

X

v~k 2 EðGÞ
v0~k 2 EðGÞ

ðTðvÞ;NðvÞ;FðvÞÞd2ðvÞ þ ~c5
ðTðvÞ;NðvÞ;FðvÞÞdðvÞ þ ~c55

� �

[
X

~h~y 2 EðGÞ
~k ~h; ~k~y 62 EðGÞ

~h; ~y 6¼ ~k

ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞd2ð ~hÞ þ ðTð~yÞ;Nð~yÞ;Fð~yÞÞd2ð~yÞ
ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð ~hÞ þ ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð~yÞ

 !

þ
X

~h
0
~y0 2 EðGÞ

~k ~h
0 62 EðGÞ; ~k~y0 2 EðGÞ

~h
0
; ~y0 6¼ ~k

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞd2ð ~h0Þ þ ~c

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞdð ~h0Þ þ ~c



 !

þ
X

~f0~k
0 2 EðGÞ

~kf0 2 EðGÞ; ~k~k0 2 EðGÞ
~k
0 6¼ ~k

ðTð~f0Þ;Nð~f0Þ;Fð~f0ÞÞ~c1 þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞ~c2
ðTð~f0Þ;Nð~f0Þ;Fð~f0ÞÞ~c11 þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞ~c22

 !

1

CCCCCCCCCCCCCA

p;

¼ SVNFSO3ðG� ~kÞ;
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where ~c
 ¼ Tð~y0Þ;Nð~y0Þ;Fð~y0Þð Þ dð~y0Þ�ð
Tð~k; ~y0Þ;Nð~k; ~y0Þ;Fð~k; ~y0Þ
	 


Þ2; ~c

 ¼ Tð~y0Þ;ð

Nð~y0Þ;Fð~y0ÞÞ dð~y0Þ � Tð~k; ~y0Þ;Nð~k; ~y0Þ;
		

Fð~k; ~y0ÞÞÞ; ~c1 ¼ dð~f0Þ � Tð~k; ~f0Þ;Nð~k; ~f0Þ;
		

Fð~k; ~f0ÞÞÞ2; ~c11 ¼ dð~f0Þ � Tð~k; ~f0Þ;Nð~k; ~f0Þ;
		

Fð~k; ~f0ÞÞÞ; ~c2 ¼ dð~k0Þ � Tð~k; ~k0Þ;Nð~k; ~k0Þ;
		

Fð~k; ~k0ÞÞÞ2; ~c22 ¼ dð~k0Þ � Tð~k; ~k0Þ;Nð~k; ~k0Þ;
		

Fð~k; ~k0ÞÞÞ; ~c4 ¼ ðTð~y0Þ;Nð~y0Þ;Fð~y0ÞÞd2ð~y0Þ; ~c44 ¼
ðTð~y0Þ;Nð~y0Þ;Fð~y0ÞÞdoð~y0Þ; ~c5 ¼ ðTð~kÞ;Nð~kÞ;
Fð~kÞÞd2ð~kÞ; and ~c55 ¼ ðTð~kÞ;Nð~kÞ;Fð~kÞÞdð~kÞ:
Therefore

SVNFSO3ðGÞ[ SVNFSO3ðG� ~kÞ:

(ii) Let G be an SVNF-graph with an edge e ¼ ~c~t;
which is deleted from G. Then, we have

SVNFSO3ðGÞ

¼
X

uiuj2EðGÞ

ffiffiffi
2

p TðuiÞ;NðuiÞ;FðuiÞð Þd2ðuiÞ þ TðujÞ;NðujÞ;FðujÞ
� �

d2ðujÞ
TðuiÞ;NðuiÞ;FðuiÞð ÞdðuiÞ þ TðujÞ;NðujÞ;FðujÞ

� �
dðujÞ

 !

p:

¼
ffiffiffi
2

p X

/k 2 EðGÞ
~c/;/~t 62 EðGÞ
k~c;k~t 62 EðGÞ

Tð/Þ;Nð/Þ;Fð/Þð Þd2ð/Þ þ TðkÞ;NðkÞ;FðkÞð Þd2ðkÞ
Tð/Þ;Nð/Þ;Fð/Þð Þdoð/Þ þ TðkÞ;NðkÞ;FðkÞð ÞdðkÞ

� �
þ

0

BBBBBBBBBB@

X

~h
00
~y00 2 EðGÞ

~c ~h
00 2 EðGÞ; ~t~y00 62 EðGÞ

~h
00 6¼ ~c

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


d2ð ~h00Þ þ ~k66

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


dð ~h00Þ þ ~k6

0

@

1

A

þ Tð~cÞ;Nð~cÞ;Fð~cÞð Þd2ð~cÞ þ bonð~tÞd2ð~tÞ
Tð~cÞ;Nð~cÞ;Fð~cÞð Þdð~cÞ þ bonð~tÞdoð~tÞ

� �
[

X

/k 2 EðGÞ
~c/;/~t 62 EðGÞ
k~c;k~t 62 EðGÞ

Tð/Þ;Nð/Þ;Fð/Þð Þd2ð/Þ þ TðkÞ;NðkÞ;FðkÞð Þd2ðkÞ
Tð/Þ;Nð/Þ;Fð/Þð Þdð/Þ þ TðkÞ;NðkÞ;FðkÞð ÞdðkÞ

� �

þ
X

~h
00
~y00 2 EðGÞ

~c ~h
00 2 EðGÞ; ~t~y00 62 EðGÞ

~h
00 6¼ ~c

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


~k7 Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þd2ð~y00Þ

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


~k77 þ Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þdð~y00Þ

0

@

1

A

1

CCCCCCCCCCCCA

p;

¼ SVNFSO3ðG� ~c~tÞ;

where ~k7 ¼ dð ~h00Þ � Tð~c; ~tÞ;Nð~c; ~tÞ;Fð~c; ~tÞð Þ
	 
2

;

~k77 ¼ dð ~h00Þ � Tð~c; ~tÞ;Nð~c; ~tÞ;Fð~c; ~tÞð Þ
	 


;

~k6 ¼ Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þdð~y00Þ; and ~k66 ¼
Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þd2ð~y00Þ: So,
SVNFSO3ðGÞ[ SVNFSO3ðG� ~c~tÞ:

h

Theorem 3.4 The bounds on the third version of the

SVNF-Sombor graph parameter for a simple and con-

nected SVNF-graph are given as

SVNFSO3ðGÞ

\
ffiffiffi
2

p

X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

X

g;ĝ2VðGÞ
ðTÞ2 þ

X

g;ĝ2VðGÞ
ðNÞ2 þ

X

g;ĝ2VðGÞ
ðFÞ2

2

664

3

775p;
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if a ¼ b; then it is equal to zero.

Proof Using the formulation of the third version of the

SVNF-Sombor graph parameter

SVNFSO3ðGÞ

¼
X

lilj2EðGÞ

ffiffiffi
2

p ðTl;Nl;FlÞd2ðliÞþðTl;Nl;FlÞd2ðljÞ
ðTl;Nl;FlÞdðliÞþðTl;Nl;FlÞdðljÞ

 !

p;

where ðTlÞ truth degree, ðNlÞ neutral degree, and ðFlÞ
falsity degree are not same.

Assume that G is a SVNF-graph with order

X

g;ĝ2VðGÞ
ðTÞ;

X

g;ĝ2VðGÞ
ðNÞ;

X

g;ĝ2VðGÞ
ðFÞ

0

@

1

A and size is

X

gĝ2EðGÞ
ðTÞ;

X

gĝ2EðGÞ
ðNÞ;

X

gĝ2EðGÞ
ðFÞ

0

@

1

A; respectively.

Then, TðĝÞ\
X

g;ĝ2VðGÞ
ðTÞ; NðĝÞ\

X

g;ĝ2VðGÞ
ðNÞ; and

FðĝÞ\
X

g;ĝ2VðGÞ
ðFÞ: Now, compute the degree of any vertex

of G, as:

dðĝÞ ¼
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ;

0

@
X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞ

1

A:

Also,
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðTÞ;

X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðNÞ; and

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðFÞ: Compute the square of the

degree of any vertex of G as:

d2ðĝÞ ¼
X

ĝ	 gĝ2EðGÞ
ðT2ðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðN2ðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðF2ðgĝÞÞ

0

@

1

A:

Also,
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ2;

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðNÞ2; and

X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðFÞ2: Using these inequalities

and we get,

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ:

X

g;ĝ2VðGÞ
ðTÞ2; ð15Þ

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðNÞ:

X

g;ĝ2VðGÞ
ðNÞ2;

ð16Þ

and

FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðFÞ:

X

g;ĝ2VðGÞ
ðFÞ2: ð17Þ

Adding above three inequalities 15, 16, and 17

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ

\
X

g;ĝ2VðGÞ
ðTÞ3

þ
X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3:

ð18Þ

Similarly

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

\
X

g;ĝ2VðGÞ
ðTÞ3

þ
X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3:

ð19Þ

Adding both inequalities, 18, and 19. Then, we get

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðN2

ĝ ðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞþ

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

0

@

þ
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

1

A:

ð20Þ
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TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ

þ TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\ 2
X

g;ĝ2VðGÞ
ðTÞ3 þ 2

X

g;ĝ2VðGÞ
ðNÞ3 þ 2

X

g;ĝ2VðGÞ
ðFÞ3

0

@

1

A:

ð21Þ

Also

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ þ FðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞ

þ TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\ 2
X

g;ĝ2VðGÞ
ðTÞ2 þ 2

X

g;ĝ2VðGÞ
ðNÞ2 þ 2

X

g;ĝ2VðGÞ
ðFÞ2

0

@

1

A:

ð22Þ

From above inequalities 21 and 22. Then

Ms

Ns
\

2
X

g;ĝ2VðGÞ
ðTÞ3 þ 2

X

g;ĝ2VðGÞ
ðNÞ3 þ 2

X

g;ĝ2VðGÞ
ðFÞ3

2
X

g;ĝ2VðGÞ
ðTÞ2 þ 2

X

g;ĝ2VðGÞ
ðNÞ2 þ 2

X

g;ĝ2VðGÞ
ðFÞ2

2

664

3

775;

where

Ms ¼ TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:
X

ĝ	 gĝ2EðGÞ

0

@

N2
ĝðgĝÞÞ þ FðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞþ

0

@ TðgÞ:

X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A;

and

Ns ¼ TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ þ FðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞþTðgÞ:

X

ĝ	 gĝ2EðGÞ
ðTgÞðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞðgĝÞ

þFðgÞ:
X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A:

Thus

SVNFSO3ðGÞ

\
ffiffiffi
2

p

X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

X

g;ĝ2VðGÞ
ðTÞ2 þ

X

g;ĝ2VðGÞ
ðNÞ2 þ

X

g;ĝ2VðGÞ
ðFÞ2

2

664

3

775p:

h

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 ~k be a vertex deleted from the SVNF-

graph. Then, we have

SVNFSO4ðGÞ[ SVNFSO4ðG� ~kÞ:

(ii) Suppose that ~c~t be an edge deleted from the SVNF-

graphs. Then, we have
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SVNFSO4ðGÞ[ SVNFSO4ðG� ~c~tÞ: Proof

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

from G

SVNFSO4ðGÞ

¼
X

uiuj2EðGÞ

1

2

ðTðuiÞ;NðuiÞ;FðuiÞÞd2ðuiÞ þ ðTðujÞ;NðujÞ;FðujÞÞd2ðujÞ
ðTðuiÞ;NðuiÞ;FðuiÞÞdðuiÞ þ ðTðujÞ;NðujÞ;FðujÞÞdðujÞ

� �2

p:

¼ 1

2

X

~h~y 2 EðGÞ
~k ~h; ~k~y 62 EðGÞ

~h; ~y 6¼ ~k

ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞd2ð ~hÞ þ ðTð~yÞ;Nð~yÞ;Fð~yÞÞd2ð~yÞ
ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð ~hÞ þ ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð~yÞ

 !2

0

BBBBBBBBBBB@

þ
X

~h
0
~y0 2 EðGÞ

~k ~h
0 62 EðGÞ; ~k~y0 2 EðGÞ

~h
0
; ~y0 6¼ ~k

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞd2ð ~h0Þ þ ~c

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞdð ~h0Þ þ ~c44

 !2

þ
X

~f0~k
0 2 EðGÞ

~kf0 2 EðGÞ; ~k~k0 2 EðGÞ
~k
0 6¼ ~k

ðTððf0ÞÞ;Nðf0Þ;Fðf0ÞÞd2ðf0Þ þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞd2ð~k0Þ
ðTððf0ÞÞ;Nðf0Þ;Fðf0ÞÞdðf0Þ þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞdð~k0Þ

 !2

þ
X

v~k 2 EðGÞ
v0~k 2 EðGÞ

ðTðvÞ;NðvÞ;FðvÞÞd2ðvÞ þ ~c5
ðTðvÞ;NðvÞ;FðvÞÞdðvÞ þ ~c55

� �2

[
X

~h~y 2 EðGÞ
~k ~h; ~k~y 62 EðGÞ

~h; ~y 6¼ ~k

ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞd2ð ~hÞ þ ðTð~yÞ;Nð~yÞ;Fð~yÞÞd2ð~yÞ
ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð ~hÞ þ ðTð ~hÞ;Nð ~hÞ;Fð ~hÞÞdð~yÞ

 !2

þ
X

~h
0
~y0 2 EðGÞ

~k ~h
0 62 EðGÞ; ~k~y0 2 EðGÞ

~h
0
; ~y0 6¼ ~k

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞd2ð ~h0Þ þ ~c

ðTð ~h0Þ;Nð ~h0Þ;Fð ~h0ÞÞdð ~h0Þ þ ~c



 !2

þ
X

~f0~k
0 2 EðGÞ

~kf0 2 EðGÞ; ~k~k0 2 EðGÞ
~k
0 6¼ ~k

ðTð~f0Þ;Nð~f0Þ;Fð~f0ÞÞ~c1 þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞ~c2
ðTð~f0Þ;Nð~f0Þ;Fð~f0ÞÞ~c11 þ ðTð~k0Þ;Nð~k0Þ;Fð~k0ÞÞ~c22

 !2

1

CCCCCCCCCCCCCA

p;

¼ SVNFSO4ðG� ~kÞ:

Granular Computing (2024) 9:37 Page 13 of 26 37

123



where ~c
 ¼ Tð~y0Þ;Nð~y0Þ;Fð~y0Þð Þ dð~y0Þ � Tð~k;
		

~y0Þ;Nð~k; ~y0Þ;Fð~k; ~y0ÞÞÞ2; ~c

 ¼ Tð~y0Þ;Nð~y0Þ;Fð~y0Þð Þ
dð~y0Þ � Tð~k; ~y0Þ;Nð~k; ~y0Þ;Fð~k; ~y0Þ

	 
	 

; ~c1 ¼

dð~f0Þ�
	

Tð~k; ~f0Þ;Nð~k; ~f0Þ;Fð~k; ~f0Þ
	 


Þ2; ~c11 ¼

dð~f0Þ � Tð~k; ~f0Þ;Nð~k; ~f0Þ;Fð~k; ~f0Þ
	 
	 


; ~c2 ¼

dð~k0Þ � Tð~k; ~k0Þ;Nð~k; ~k0Þ;Fð~k; ~k0Þ
	 
	 
2

; ~c22 ¼

dð~k0Þ � Tð~k; ~k0Þ;Nð~k; ~k0Þ;Fð~k; ~k0Þ
	 
	 


; ~c4 ¼
ðTð~y0Þ;Nð~y0Þ;Fð~y0ÞÞd2ð~y0Þ; ~c44 ¼ ðTð~y0Þ;Nð~y0Þ;
Fð~y0ÞÞdoð~y0Þ; ~c5 ¼ ðTð~kÞ;Nð~kÞ;Fð~kÞÞd2ð~kÞ; and

~c55 ¼ ðTð~kÞ;Nð~kÞ;Fð~kÞÞdð~kÞ: Therefore

SVNFSO4ðGÞ[ SVNFSO4ðG� ~kÞ:

(ii) Let G be an SVNF-graph with an edge e ¼ ~c~t;
which is deleted from G. Then, we have

SVNFSO4ðGÞ

¼
X

uiuj2EðGÞ

1

2

TðuiÞ;NðuiÞ;FðuiÞð Þd2ðuiÞ þ TðujÞ;NðujÞ;FðujÞ
� �

d2ðujÞ
TðuiÞ;NðuiÞ;FðuiÞð ÞdðuiÞ þ TðujÞ;NðujÞ;FðujÞ

� �
dðujÞ

 !2

p:

¼ 1

2

X

/k 2 EðGÞ
~c/;/~t 62 EðGÞ
k~c;k~t 62 EðGÞ

Tð/Þ;Nð/Þ;Fð/Þð Þd2ð/Þ þ TðkÞ;NðkÞ;FðkÞð Þd2ðkÞ
Tð/Þ;Nð/Þ;Fð/Þð Þdoð/Þ þ TðkÞ;NðkÞ;FðkÞð ÞdðkÞ

� �2

þ

0

BBBBBBBBBB@

X

~h
00
~y00 2 EðGÞ

~c ~h
00 2 EðGÞ; ~t~y00 62 EðGÞ

~h
00 6¼ ~c

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


d2ð ~h00Þ þ ~k66

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


dð ~h00Þ þ ~k6

0

@

1

A

2

þ Tð~cÞ;Nð~cÞ;Fð~cÞð Þd2ð~cÞ þ bonð~tÞd2ð~tÞ
Tð~cÞ;Nð~cÞ;Fð~cÞð Þdð~cÞ þ bonð~tÞdoð~tÞ

� �2

[

X

/k 2 EðGÞ
~c/;/~t 62 EðGÞ
k~c;k~t 62 EðGÞ

Tð/Þ;Nð/Þ;Fð/Þð Þd2ð/Þ þ TðkÞ;NðkÞ;FðkÞð Þd2ðkÞ
Tð/Þ;Nð/Þ;Fð/Þð Þdð/Þ þ TðkÞ;NðkÞ;FðkÞð ÞdðkÞ

� �2

þ
X

~h
00
~y00 2 EðGÞ

~c ~h
00 2 EðGÞ; ~t~y00 62 EðGÞ

~h
00 6¼ ~c

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


~k7 Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þd2ð~y00Þ

Tð ~h00Þ;Nð ~h00Þ;Fð ~h00Þ
	 


~k77 þ Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þdð~y00Þ

0

@

1

A

2

1

CCCCCCCCCCCCA

p;

¼ SVNFSO4ðG� ~c~tÞ;
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where ~k7 ¼ dð ~h00Þ � Tð~c; ~tÞ;Nð~c; ~tÞ;Fð~c; ~tÞð Þ
	 
2

;

~k77 ¼ dð ~h00Þ � Tð~c; ~tÞ;Nð~c; ~tÞ;Fð~c; ~tÞð Þ
	 


; ~k6 ¼

Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þdð~y00Þ; and ~k66 ¼
Tð~y00Þ;Nð~y00Þ;Fð~y00Þð Þd2ð~y00Þ: Therefore
SVNFSO4ðGÞ[ SVNFSO4ðG� ~c~tÞ:

h

Theorem 3.6 The bounds on the fourth version of the

SVNF-Sombor graph parameter for a simple and con-

nected SVNF-graph are given as

SVNFSO4ðGÞ

\
1

2

X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

X

g;ĝ2VðGÞ
ðTÞ2 þ

X

g;ĝ2VðGÞ
ðNÞ2 þ

X

g;ĝ2VðGÞ
ðFÞ2

2

664

3

775

2

p;

if a ¼ b; then it is equal to zero.

Proof Using the formulation of the fourth version of the

SVNF-Sombor graph parameter

SVNFSO4ðGÞ

¼
X

lilj2EðGÞ

1

2

ðTl;Nl;FlÞd2ðliÞ þ ðTl;Nl;FlÞd2ðljÞ
ðTl;Nl;FlÞdðliÞ þ ðTl;Nl;FlÞdðljÞ

 !2

p;

where ðTlÞ truth degree, ðNlÞ neutral degree, and ðFlÞ
falsity degree are not same.

Assume that G is an SVNF-graph with order

X

g;ĝ2VðGÞ
ðTÞ;

X

g;ĝ2VðGÞ
ðNÞ;

X

g;ĝ2VðGÞ
ðFÞ

0

@

1

A and size is

X

gĝ2EðGÞ
ðTÞ;

X

gĝ2EðGÞ
ðNÞ;

X

gĝ2EðGÞ
ðFÞ

0

@

1

A; respectively.

Then, TðĝÞ\
X

g;ĝ2VðGÞ
ðTÞ; NðĝÞ\

X

g;ĝ2VðGÞ
ðNÞ; and

FðĝÞ\
X

g;ĝ2VðGÞ
ðFÞ: Now, compute the degree of any vertex

of G, as:

dðĝÞ ¼
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ;

0

@
X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞ

1

A:

Also,
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðTÞ;

X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðNÞ; and

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞ\

X

g;ĝ2VðGÞ
ðFÞ: Compute the square of the

degree of any vertex of G as:

d2ðĝÞ ¼
X

ĝ	 gĝ2EðGÞ
ðT2ðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðN2ðgĝÞÞ;

X

ĝ	 gĝ2EðGÞ
ðF2ðgĝÞÞ

0

@

1

A:

Also,
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ2;

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðNÞ2; and

X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðFÞ2: Using these inequalities

and we get

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ:

X

g;ĝ2VðGÞ
ðTÞ2; ð23Þ

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðNÞ:

X

g;ĝ2VðGÞ
ðNÞ2;

ð24Þ

and

FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðFÞ:

X

g;ĝ2VðGÞ
ðFÞ2: ð25Þ

Adding above three inequalities 23, 24, and 25

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞ\
X

g;ĝ2VðGÞ
ðTÞ3

þ
X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3:

ð26Þ

Similarly

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ\

X

g;ĝ2VðGÞ
ðTÞ3

þ
X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3:

ð27Þ

Adding both inequalities, 26, and 27. Then, we get
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TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞþ

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

0

@

þ
X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

1

A:

ð28Þ

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞþ

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\ 2
X

g;ĝ2VðGÞ
ðTÞ3 þ 2

X

g;ĝ2VðGÞ
ðNÞ3 þ 2

X

g;ĝ2VðGÞ
ðFÞ3

0

@

1

A:

ð29Þ

Also

TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ þ FðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞþ

TðgÞ:
X

ĝ	 gĝ2EðGÞ
ðTgÞðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A

\ 2
X

g;ĝ2VðGÞ
ðTÞ2 þ 2

X

g;ĝ2VðGÞ
ðNÞ2 þ 2

X

g;ĝ2VðGÞ
ðFÞ2

0

@

1

A:

ð30Þ

From above inequalities 29 and 30. Then

Ms

Ns
\

2
X

g;ĝ2VðGÞ
ðTÞ3 þ 2

X

g;ĝ2VðGÞ
ðNÞ3 þ 2

X

g;ĝ2VðGÞ
ðFÞ3

2
X

g;ĝ2VðGÞ
ðTÞ2 þ 2

X

g;ĝ2VðGÞ
ðNÞ2 þ 2

X

g;ĝ2VðGÞ
ðFÞ2

2

664

3

775;

where,

Ms ¼ TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðT2

ĝ ðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðN2

ĝðgĝÞÞ þ FðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðF2

ĝðgĝÞÞþTðgÞ:

X

ĝ	 gĝ2EðGÞ
ðTgÞ2ðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞ2ðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðgĝÞ

1

A;

and

Ns ¼ TðĝÞ:
X

ĝ	 gĝ2EðGÞ
ðTĝðgĝÞÞ þ NðĝÞ:

0

@

X

ĝ	 gĝ2EðGÞ
ðNĝðgĝÞÞ þ FðĝÞ:

X

ĝ	 gĝ2EðGÞ
ðFĝðgĝÞÞþTðgÞ:

X

ĝ	 gĝ2EðGÞ
ðTgÞðgĝÞ þ NðgÞ:

X

ĝ	 gĝ2EðGÞ
ðNgÞðgĝÞ þ FðgÞ:

X

ĝ	 gĝ2EðGÞ
ðFgÞ2ðh�̂gÞ

1

A:

Thus

SVNFSO4ðGÞ

\
1

2

X

g;ĝ2VðGÞ
ðTÞ3 þ

X

g;ĝ2VðGÞ
ðNÞ3 þ

X

g;ĝ2VðGÞ
ðFÞ3

X

g;ĝ2VðGÞ
ðTÞ2 þ

X

g;ĝ2VðGÞ
ðNÞ2 þ

X

g;ĝ2VðGÞ
ðFÞ2

2

664

3

775

2

p:

h

4 Algorithm

Consider SVNF � graph to be two graphs; each vertex or

node shows people, and their fuzzy values have three

components, such that Tf ;Nf ; and Ff are the truth value,

neutral value, and falsity fuzzy value. Similarly, every edge

has Tf ;Nf ; and Ff 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 ¼ ðV;EÞ: To determine the value

of the Sombor graph parameter, third, and fourth invariants
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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 dðvÞ � degrees for each vertex

(peoples).

Step 5: Compute the d2ðvÞ � 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: s1; s2; s3; s4; s5; s6;
and s7; are connected between them by different relational

(friendship) routes or paths. s1 is a friend of the s2; s6; and
s6:s7 is the friend of the s1; s2; s3; s4; s5; and s6: Will

artificial intelligence send friend requests to s3; s4; s5;
through s7 of s1: We show that if we remove s7 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 s1 to s3; s4; and s5 or
suggest a friend request to this vertex or people? Using the

Fig. 2 Flowchart
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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 s1; s2; s3; s4; s5; s6; and s7, 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 G1

dðs1Þ ¼ ð0:2þ 0:3þ 0:5Þ; ð0:4þ 0:4þ 0:5Þ; ð0:3þ 0:5þ 0:8Þ½ �
¼ 1:0; 1:3; 1:5½ �;

dðs2Þ ¼ ð0:1þ 0:2þ 0:3Þ; ð0:1þ 0:5þ 0:5Þ; ð0:1þ 0:2þ 0:7Þ½ �
¼ 0:6; 1:1; 1:0½ �;

dðs3Þ ¼ ð0:2þ 0:3þ 0:5Þ; ð0:5þ 0:2þ 0:5Þ; ð0:2þ 0:8þ 0:9Þ½ �
¼ 1:0; 1:2; 1:9½ �;

dðs4Þ ¼ ð0:2þ 0:4þ 0:5Þ; ð0:3þ 0:5þ 0:5Þ; ð0:1þ 0:8þ 0:9Þ½ �
¼ 1:1; 1:3; 1:8½ �;

dðs5Þ ¼ ð0:1þ 0:2þ 0:3Þ; ð0:2þ 0:2þ 0:3Þ; ð0:1þ 0:3þ 0:6Þ½ �
¼ 0:6; 0:7; 1:0½ �;

dðs6Þ ¼ ð0:3þ 0:4þ 0:5Þ; ð0:2þ 0:3þ 0:4Þ; ð0:3þ 0:6þ 0:7Þ½ �
¼ 1:2; 0:9; 1:6½ �;

dðs7Þ ¼ ð0:1þ 0:1þ 0:3þ 0:4þ 0:4þ 0:5Þ;½
ð0:1þ 0:2þ 0:2þ 0:3þ 0:4þ 0:5Þ;
ð0:1þ 0:3þ 0:4þ 0:7þ 0:8þ 0:9Þ�

¼ 1:8; 1:7; 3:2½ �:

Now, we compute the square degree of every vertex

dðs1Þ ¼ ð0:2Þ2 þ ð0:3Þ2 þ ð0:5Þ2
	 


; ðð0:4Þ2 þ ð0:4Þ2
h

þð0:5Þ2Þ; ðð0:3Þ2 þ ð0:5Þ2 þ ð0:8Þ2Þ
i

¼ 0:38; 0:57; 0:98½ �;

dðs2Þ ¼ ðð0:1Þ2 þ ð0:2Þ2 þ ð0:3Þ2Þ; ðð0:1Þ2 þ ð0:5Þ2
h

þð0:5Þ2Þ; ðð0:1Þ2 þ ð0:2Þ2 þ ð0:7Þ2Þ
i

¼ 0:14; 0:51; 0:54½ �;

dðs3Þ ¼ ðð0:2Þ2 þ ð0:3Þ2 þ ð0:5Þ2Þ; ðð0:5Þ2 þ ð0:2Þ2
h

þð0:5Þ2Þ; ðð0:2Þ2 þ ð0:8Þ2 þ ð0:9Þ2Þ
i

¼ 0:38; 0:54; 1:49½ �;

dðs4Þ ¼ ðð0:2Þ2 þ ð0:4Þ2 þ ð0:5Þ2Þ; ðð0:3Þ2 þ ð0:5Þ2
h

þð0:5Þ2Þ; ðð0:1Þ2 þ ð0:8Þ2 þ ð0:9Þ2Þ
i

¼ 0:45; 0:5; 1:46½ �;

dðs5Þ ¼ ðð0:1Þ2 þ ð0:2Þ2 þ ð0:3Þ2Þ; ðð0:2Þ2 þ ð0:2Þ2
h

þð0:3Þ2Þ; ðð0:1Þ2 þ ð0:3Þ2 þ ð0:6Þ2Þ
i

¼ 0:14; 0:17; 0:46½ �;

dðs6Þ ¼ ðð0:3Þ2 þ ð0:4Þ2 þ ð0:5Þ2Þ; ðð0:2Þ2 þ ð0:3Þ2
h

þð0:4Þ2Þ; ðð0:3Þ2 þ ð0:6Þ2 þ ð0:7Þ2Þ
i

¼ 0:5; 0:29; 0:94½ �;

dðs7Þ ¼ ðð0:1Þ2 þ ð0:1Þ2 þ ð0:3Þ2 þ ð0:4Þ2 þ ð0:4Þ2 þ ð0:5Þ2Þ; ;
h

ðð0:1Þ2 þ ð0:2Þ2 þ ð0:2Þ2 þ ð0:3Þ2 þ ð0:4Þ2 þ ð0:5Þ2Þ;

ðð0:1Þ2 þ ð0:3Þ2 þ ð0:4Þ2 þ ð0:7Þ2 þ ð0:8Þ2 þ ð0:9Þ2Þ
i

¼ 0:68; 0:59; 2:2½ �:

Here, we are working on the SVNF-Sombor graph

parameter

Fig. 3 Graph of social network
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SVNFSOðGÞ

¼
X

sisj2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTðsiÞ;NðsiÞ;FðsiÞÞd2ðsiÞ þ ðTðsjÞ;NðsjÞ;FðsjÞÞd2ðsjÞ

q
:

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:8Þð0:38; 0:57; 0:98Þ þ ð0:1; 0:5; 0:7Þð0:14; 0:51; 0:59Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:8Þð0:38; 0:57; 0:98Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:8Þð0:38; 0:57; 0:98Þ þ ð0:3; 0:5; 0:7Þð0:5; 0:29; 0:94Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:1; 0:5; 0:7Þð0:14; 0:51; 0:59Þ þ ð0:2; 0:5; 0:9Þð0:38; 0:54; 1:49Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:1; 0:5; 0:7Þð0:14; 0:51; 0:59Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:9Þð0:38; 0:54; 1:49Þ þ ð0:2; 0:5; 0:9Þð0:45; 0:59; 1:46Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:9Þð0:38; 0:54; 1:49Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:9Þð0:45; 0:59; 1:46Þ þ ð0:1; 0:4; 0:6Þð0:14; 0:17; 0:46Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:9Þð0:45; 0:59; 1:46Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:1; 0:4; 0:6Þð0:14; 0:17; 0:46Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:1; 0:4; 0:6Þð0:14; 0:17; 0:46Þ þ ð0:3; 0:5; 0:7Þð0:68; 0:59; 2:2Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ þ ð0:3; 0:5; 0:7Þð0:68; 0:59; 2:2Þ

p
:

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:145þ 0:682

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:145þ 2:064

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:145þ 0:953

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:682þ 1:687

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:682þ 2:064

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:687þ 1:699

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:687þ 2:064

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:699þ 0:358

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:699þ 2:064

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:358þ 2:064

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:358þ 0:953

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2:064þ 0:953

p
:

¼ 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

Fig. 4 (G-e): Graph of social network
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SVNFSO3ðGÞ

¼
X

lilj2EðGÞ

ffiffiffi
2

p ðTl;Nl;FlÞd2ðliÞ þ ðTl;Nl;FlÞd2ðljÞ
ðTl;Nl;FlÞdðliÞ þ ðTl;Nl;FlÞdðljÞ

 !

p:

¼
ffiffiffi
2

p ð0:2; 0:5; 0:8Þð0:38; 0:57; 0:98Þ þ ð0:1; 0:5; 0:7Þð0:14; 0:51; 0:59Þ
ð0:2; 0:5; 0:8Þð1:0; 1:3; 1:6Þ þ ð0:1; 0:5; 0:7Þð0:6; 1:1; 1:0Þ

� �
þ




ð0:2; 0:5; 0:8Þð0:38; 0:57; 0:98Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ
ð0:2; 0:5; 0:8Þð1:0; 1:3; 1:6Þ þ ð0:1; 0:4; 0:8Þð1:8; 1:7; 3:2Þ

� �
þ

þ ð0:2; 0:5; 0:8Þð0:38; 0:57; 0:98Þ þ ð0:3; 0:5; 0:7Þð0:5; 0:29; 0:94Þ
ð0:2; 0:5; 0:8Þð1:0; 1:3; 1:6Þ þ ð0:3; 0:5; 0:7Þð1:; 0:9; 1:6Þ

� �

þ ð0:1; 0:5; 0:7Þð0:14; 0:51; 0:59Þ þ ð0:2; 0:5; 0:9Þð0:38; 0:54; 1:49Þ
ð0:1; 0:5; 0:7Þð0:6; 1:1; 1:0Þ þ ð0:2; 0:5; 0:9Þð1:0; 1:2; 1:9Þ

� �

þ ð0:1; 0:5; 0:7Þð0:14; 0:51; 0:59Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ
ð0:1; 0:5; 0:7Þð0:6; :1; 1:0Þ þ ð0:1; 0:4; 0:8Þð1:8; 1:7; 3:2Þ

� �

þ ð0:2; 0:5; 0:9Þð0:38; 0:54; 1:49Þ þ ð0:2; 0:5; 0:9Þð0:45; 0:59; 1:46Þ
ð0:2; 0:5; 0:9Þð1:0; 1:2; 1:9Þ þ ð0:2; 0:5; 0:9Þð1:1; 1:3; 1:8Þ

� �

þ ð0:2; 0:5; 0:9Þð0:38; 0:54; 1:49Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ
ð0:2; 0:5; 0:9Þð1:0; 1:2; 1:9Þ þ ð0:1; 0:4; 0:8Þð1:8; 1:7; 3:2Þ

� �

þ ð0:2; 0:5; 0:9Þð0:45; 0:59; 1:46Þ þ ð0:1; 0:4; 0:6Þð0:14; 0:17; 0:46Þ
ð0:2; 0:5; 0:9Þð1:1; 1:3; 1:8Þ þ ð0:1; 0:4; 0:6Þð0:6; 0:7; 1:1Þ

� �

þ ð0:2; 0:5; 0:9Þð0:45; 0:59; 1:46Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ
ð0:2; 0:5; 0:9Þð1:1; 1:3; 1:8Þ þ ð0:1; 0:4; 0:8Þð1:8; 1:7; 3:2Þ

� �

þ ð0:1; 0:4; 0:6Þð0:14; 0:17; 0:46Þ þ ð0:3; 0:5; 0:7Þð0:50:29; 0:94Þ
ð0:1; 0:4; 0:6Þð0:6; 0:7; 1:1Þ þ ð0:3; 0:5; 0:7Þð1:2; 0:9; 1:6Þ

� �

þ ð0:1; 0:4; 0:6Þð0:14; 0:17; 0:46Þ þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ
ð0:1; 0:4; 0:6Þð0:6; 0:7; 1:1Þ þ ð0:1; 0:4; 0:8Þð1:8; 1:7; 3:2Þ

� �

þ ð0:1; 0:4; 0:8Þð0:68; 0:59; 2:2Þ þ ð0:3; 0:5; 0:7Þð0:5; 0:29; 0:94Þ
ð0:1; 0:4; 0:8Þð1:8; 1:7; 3:2Þ þ ð0:3; 0:5; 0:7Þð1:2; 0:9; 1:6Þ

� ��
p:

¼
ffiffiffi
2

p 1:827

3:36
þ 3:209

5:47
þ 2:098

3:98
þ 2:369

3:82
þ 2:746

4:73




þ 3:386

5
þ 3:751

5:93
þ 2:057

3:49
þ 3:763

5:91
þ 2:422

2:93

þ 1:311

4:42
þ 3:017

5:35

�
p:

¼
ffiffiffi
2

p
0:5444þ 0:5867þ 0:5271þ 0:6202þ 0:5806ð

þ0:6772þ 0:6326þ 0:5894þ 0:6367þ 0:8266

þ0:2966þ 0:5632Þp:
¼ 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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SVNFSO4ðGÞ

¼
X

lilj2EðGÞ

1

2

ðTl;Nl;FlÞd2ðliÞþðTl;Nl;FlÞd2ðljÞ
ðTl;Nl;FlÞdðliÞþðTl;Nl;FlÞdðljÞ

 !2

p:

¼1

2

ð0:2;0:5;0:8Þð0:38;0:57;0:98Þþð0:1;0:5;0:7Þð0:14;0:51;0:59Þ
ð0:2;0:5;0:8Þð1:0;1:3;1:6Þþð0:1;0:5;0:7Þð0:6;1:1;1:0Þ

� �2

þ
"

ð0:2;0:5;0:8Þð0:38;0:57;0:98Þþð0:1;0:4;0:8Þð0:68;0:59;2:2Þ
ð0:2;0:5;0:8Þð1:0;1:3;1:6Þþð0:1;0:4;0:8Þð1:8;1:7;3:2Þ

� �2

þ

þ ð0:2;0:5;0:8Þð0:38;0:57;0:98Þþð0:3;0:5;0:7Þð0:5;0:29;0:94Þ
ð0:2;0:5;0:8Þð1:0;1:3;1:6Þþð0:3;0:5;0:7Þð1:;0:9;1:6Þ

� �2

þ ð0:1;0:5;0:7Þð0:14;0:51;0:59Þþð0:2;0:5;0:9Þð0:38;0:54;1:49Þ
ð0:1;0:5;0:7Þð0:6;1:1;1:0Þþð0:2;0:5;0:9Þð1:0;1:2;1:9Þ

� �2

þ ð0:1;0:5;0:7Þð0:14;0:51;0:59Þþð0:1;0:4;0:8Þð0:68;0:59;2:2Þ
ð0:1;0:5;0:7Þð0:6;:1;1:0Þþð0:1;0:4;0:8Þð1:8;1:7;3:2Þ

� �2

þ ð0:2;0:5;0:9Þð0:38;0:54;1:49Þþð0:2;0:5;0:9Þð0:45;0:59;1:46Þ
ð0:2;0:5;0:9Þð1:0;1:2;1:9Þþð0:2;0:5;0:9Þð1:1;1:3;1:8Þ

� �2

þ ð0:2;0:5;0:9Þð0:38;0:54;1:49Þþð0:1;0:4;0:8Þð0:68;0:59;2:2Þ
ð0:2;0:5;0:9Þð1:0;1:2;1:9Þþð0:1;0:4;0:8Þð1:8;1:7;3:2Þ

� �2

þ ð0:2;0:5;0:9Þð0:45;0:59;1:46Þþð0:1;0:4;0:6Þð0:14;0:17;0:46Þ
ð0:2;0:5;0:9Þð1:1;1:3;1:8Þþð0:1;0:4;0:6Þð0:6;0:7;1:1Þ

� �2

þ ð0:2;0:5;0:9Þð0:45;0:59;1:46Þþð0:1;0:4;0:8Þð0:68;0:59;2:2Þ
ð0:2;0:5;0:9Þð1:1;1:3;1:8Þþð0:1;0:4;0:8Þð1:8;1:7;3:2Þ

� �2

þ ð0:1;0:4;0:6Þð0:14;0:17;0:46Þþð0:3;0:5;0:7Þð0:50:29;0:94Þ
ð0:1;0:4;0:6Þð0:6;0:7;1:1Þþð0:3;0:5;0:7Þð1:2;0:9;1:6Þ

� �2

þ ð0:1;0:4;0:6Þð0:14;0:17;0:46Þþð0:1;0:4;0:8Þð0:68;0:59;2:2Þ
ð0:1;0:4;0:6Þð0:6;0:7;1:1Þþð0:1;0:4;0:8Þð1:8;1:7;3:2Þ

� �2

þ ð0:1;0:4;0:8Þð0:68;0:59;2:2Þþð0:3;0:5;0:7Þð0:5;0:29;0:94Þ
ð0:1;0:4;0:8Þð1:8;1:7;3:2Þþð0:3;0:5;0:7Þð1:2;0:9;1:6Þ

� �2
#

p:

¼1

2
ð1:827
3:36

Þ2þð3:209
5:47

Þ2þð2:098
3:98

Þ2þð2:369
3:82

Þ2



þð2:746
4:73

Þ2þð3:386
5

þ3:751

5:93
Þ2þð2:057

3:49
Þ2þð3:763

5:91
Þ2þð2:422

2:93
Þ2

þð1:311
4:42

Þ2þð3:017
5:35

Þ2
�
p:

¼1

2
ð0:5444Þ2þð0:5867Þ2þð0:5271Þ2þð0:6202Þ2
	

þð0:5806Þ2þð0:6772Þ2

þð0:6326Þ2þð0:5894Þ2þð0:6367Þ2þð0:8266Þ2

þð0:2966Þ2þð0:5632Þ2


p:

¼0:5ð4:33963Þp
¼6:8166615:

By removing the vertex (people) from the connecting

network. Then, will AI send a friend suggestion to other

people who do not know the considerable person? We

determined the methodology for that situation using the

SVNF-graph parameters:

If we delete the vertex or person (people) from the

vertices or person (people)s A s7; from the G1: Then, we

established a new SVN graph ðG2Þ; as shown in Fig. 4.

First, we calculate the degree of every person (people).

When we delete a vertex

dðs1Þ ¼ ð0:2þ 0:5; 0:5þ 0:4; 0:7þ 0:3Þ½ � ¼ ð0:7; 0:9; 1:0Þ
dðs2Þ ¼ ð0:2þ 0:3; 0:5þ 0:5; 0:7þ 0:2Þ½ � ¼ ð0:5; 1:0; 0:9Þ
dðs3Þ ¼ ð0:3þ 0:5; 0:5þ 0:5; 0:2þ 0:8Þ½ � ¼ ð0:8; 1:0; 1:0Þ
dðs4Þ ¼ ð0:2þ 0:5; 0:5þ 0:3; 0:8þ 0:1Þ½ � ¼ ð0:7; 0:8; 0:9Þ
dðs5Þ ¼ ð0:2þ 0:3; 0:2þ 0:3; 0:6þ 0:1Þ½ � ¼ ð0:5; 0:5; 0:7Þ
dðs6Þ ¼ ð0:3þ 0:5; 0:2þ 0:4; 0:6þ 0:3Þ½ � ¼ ð0:8; 0:6; 0:9Þ:

Now, we compute the square degree of every person

(people)

dðs1Þ ¼ ðð0:2Þ2 þ ð0:5Þ2; ð0:5Þ2 þ ð0:4Þ2; ð0:7Þ2 þ ð0:3Þ2Þ
h i

¼ð0:29; 0:41; 0:58Þ

d2ðs2Þ ¼ ðð0:2Þ þ ð0:3Þ; ð0:5Þ2 þ ð0:5Þ2; ð0:7Þ2 þ ð0:2Þ2Þ
h i

¼ð0:34; 0:5; 0:68Þ

d2ðs3Þ ¼ ðð0:3Þ2 þ ð0:5Þ2; ð0:5Þ2 þ ð0:5Þ2; ð0:2Þ2 þ ð0:8Þ2Þ
h i

¼ð0:29; 0:34; 0:65Þ

d2ðs4Þ ¼ ðð0:2Þ2 þ ð0:5Þ2; ð0:5Þ2 þ ð0:3Þ2; ð0:8Þ2 þ ð0:1Þ2Þ
h i

¼ð0:13; 0:13; 0:37Þ

d2ðs5Þ ¼ ðð0:2Þ2 þ ð0:3Þ2; ð0:2Þ2 þ ð0:3Þ2; ð0:6Þ2 þ ð0:1Þ2Þ
h i

¼ð0:13; 0:2; 0:45Þ

d2ðs6Þ ¼ ðð0:3Þ2 þ ð0:5Þ2; ð0:2Þ2 þ ð0:4Þ2; ð0:6Þ2 þ ð0:3Þ2Þ
h i

¼ð0:13; 0:5; 0:53Þ:

Here, we are working on the SVNF-Sombor graph

parameter
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SVNFSOðGÞ

¼
X

sisj2EðGÞ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðTðsiÞ;NðsiÞ;FðsiÞÞd2ðsiÞ þ ðTðsjÞ;NðsjÞ;FðsjÞÞd2ðsjÞ

q
:

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:8Þð0:29; 0:41; 0:58Þ þ ð0:1; 0:5; 0:7Þð0:13; 0:5; 0:53Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:8Þð0:29; 0:41; 0:58Þ þ ð0:3; 0:5; 0:7Þð0:34; 0:2; 0:45Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:1; 0:5; 0:7Þð0:13; 0:5; 0:53Þ þ ð0:2; 0:5; 0:9Þð0:34; 0:5; 0:68Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:9Þð0:29; 0:34; 0:65Þ þ ð0:1; 0:4; 0:6Þð0:13; 0:5; 0:53Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:2; 0:5; 0:9Þð0:34; 0:5; 0:68Þ þ ð0:2; 0:5; 0:9Þð0:29; 0:34; 0:65Þ

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð0:1; 0:4; 0:6Þð0:13; 0:5; 0:53Þ þ ð0:3; 0:5; 0:7Þð0:34; 0:2; 0:45Þ

p
:

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:727þ 0:634

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:727þ 0:517

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:634þ 0:93

p
j þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:93þ 0:813

p

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:813þ 0:513

p
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:513þ 0:517

p
:

¼ 1:1666þ 1:1154þ 1:2506þ 1:3202þ 1:1593þ 1:0237:

¼ 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

SVNFSO3ðGÞ

¼
X

lilj2EðGÞ

ffiffiffi
2

p ðTl;Nl;FlÞd2ðliÞ þ ðTl;Nl;FlÞd2ðljÞ
ðTl;Nl;FlÞdðliÞ þ ðTl;Nl;FlÞdðljÞ

 !

p:

¼
ffiffiffi
2

p ð0:2; 0:5; 0:8Þð0:29; 0:41; 0:58Þ þ ð0:1; 0:5; 0:7Þð0:13; 0:5; 0:53Þ
ð0:2; 0:5; 0:8Þð0:7; 0:9; 1:0Þ þ ð0:1; 0:5; 0:7Þð0:5; 1:0; 0:9Þ

� �
þ




ð0:2; 0:5; 0:8Þð0:29; 0:41; 0:58Þ þ ð0:3; 0:5; 0:7Þð0:34; 0:2; 0:45Þ
ð0:2; 0:5; 0:8Þð0:7; 0:9; 1:0Þ þ ð0:3; 0:5; 0:7Þð0:8; 0:6; 0:9Þ

� �
þ

þ ð0:1; 0:5; 0:7Þð0:13; 0:5; 0:53Þ þ ð0:2; 0:5; 0:9Þð0:34; 0:5; 0:68Þ
ð0:1; 0:5; 0:7Þð0:5; 1:0; 0:9Þ þ ð0:2; 0:5; 0:9Þð0:8; 1:0; 1:0Þ

� �

þ ð0:2; 0:5; 0:9Þð0:29; 0:34; 0:65Þ þ ð0:1; 0:4; 0:6Þð0:13; 0:5; 0:53Þ
ð0:2; 0:5; 0:9Þð0:7; 0:8; 0:9Þ þ ð0:1; 0:4; 0:6Þð0:5; 0:5; 0:7Þ

� �

þ ð0:2; 0:5; 0:9Þð0:34; 0:5; 0:68Þ þ ð0:2; 0:5; 0:9Þð0:29; 0:34; 0:65Þ
ð0:2; 0:5; 0:9Þð0:8; 1:0; 1:0Þ þ ð0:2; 0:5; 0:9Þð0:7; 0:8; 0:9Þ

� �

þ ð0:1; 0:4; 0:6Þð0:13; 0:5; 0:53Þ þ ð0:3; 0:5; 0:7Þð0:34; 0:2; 0:45Þ
ð0:1; 0:4; 0:6Þð0:5; 0:5; 0:7Þ þ ð0:3; 0:5; 0:7Þð0:8; 0:6; 0:9Þ

� ��
p

¼
ffiffiffi
2

p 1:1666

2:57
þ 1:1154

2:56
þ 1:2506

2:74
þ 1:3202

2:91
þ 1:1593

2:02
þ 1:0237

1:84


 �
p:

¼
ffiffiffi
2

p
ð0:4539þ 0:4357þ 0:4564þ 0:4537

þ 0:5739þ 0:5564Þp:
¼ 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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SVNFSO3ðGÞ

¼
X

lilj2EðGÞ

1

2

ðTl;Nl;FlÞd2ðliÞ þ ðTl;Nl;FlÞd2ðljÞ
ðTl;Nl;FlÞdðliÞ þ ðTl;Nl;FlÞdðljÞ

 !2

p:

¼ 1

2

ð0:2; 0:5; 0:8Þð0:29; 0:41; 0:58Þ þ ð0:1; 0:5; 0:7Þð0:13; 0:5; 0:53Þ
ð0:2; 0:5; 0:8Þð0:7; 0:9; 1:0Þ þ ð0:1; 0:5; 0:7Þð0:5; 1:0; 0:9Þ

� �2

þ
"

ð0:2; 0:5; 0:8Þð0:29; 0:41; 0:58Þ þ ð0:3; 0:5; 0:7Þð0:34; 0:2; 0:45Þ
ð0:2; 0:5; 0:8Þð0:7; 0:9; 1:0Þ þ ð0:3; 0:5; 0:7Þð0:8; 0:6; 0:9Þ

� �2

þ

þ ð0:1; 0:5; 0:7Þð0:13; 0:5; 0:53Þ þ ð0:2; 0:5; 0:9Þð0:34; 0:5; 0:68Þ
ð0:1; 0:5; 0:7Þð0:5; 1:0; 0:9Þ þ ð0:2; 0:5; 0:9Þð0:8; 1:0; 1:0Þ

� �2

þ ð0:2; 0:5; 0:9Þð0:29; 0:34; 0:65Þ þ ð0:1; 0:4; 0:6Þð0:13; 0:5; 0:53Þ
ð0:2; 0:5; 0:9Þð0:7; 0:8; 0:9Þ þ ð0:1; 0:4; 0:6Þð0:5; 0:5; 0:7Þ

� �2

þ ð0:2; 0:5; 0:9Þð0:34; 0:5; 0:68Þ þ ð0:2; 0:5; 0:9Þð0:29; 0:34; 0:65Þ
ð0:2; 0:5; 0:9Þð0:8; 1:0; 1:0Þ þ ð0:2; 0:5; 0:9Þð0:7; 0:8; 0:9Þ

� �2

þ ð0:1; 0:4; 0:6Þð0:13; 0:5; 0:53Þ þ ð0:3; 0:5; 0:7Þð0:34; 0:2; 0:45Þ
ð0:1; 0:4; 0:6Þð0:5; 0:5; 0:7Þ þ ð0:3; 0:5; 0:7Þð0:8; 0:6; 0:9Þ

� �2
#

p

¼
ffiffiffi
2

p
ð1:1666
2:57

Þ2 þ ð1:1154
2:56

Þ2 þ ð1:2506
2:74

Þ2 þ ð1:3202
2:91

Þ2



þð1:1593
2:02

Þ2 þ ð1:0237
1:84

Þ2
�
p:

¼
ffiffiffi
2

p
ð0:4539Þ2 þ ð0:4357Þ2 þ ð0:4564Þ2 þ ð0:4537Þ2
	

þð0:5739Þ2 þ ð0:5564Þ2


p:

¼ 2:27599987:

Now, we studied both graphs G1 and G2 for SVNFSO,

SVNFSO3; and SVNFSO4; 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 SVNFSO2;
SVNFSO3; and SVNFSO4;

TIs G1 G2 G1 � G2

SVNFSO2 19.3769 6.035819 19.3769�6.035819= 13.341081

SVNFSO3 31.4614 13.017647 31.4614�13.017647=18.446353

SVNFSO4 6.8166615 2.27599987 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 s7; 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

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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