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ABSTRACT

It was suggested that a neutrosophic set be used as a strategy to deal with the neutrally ambiguous facts. The three membership
functions 7,,1,, and F; are used to describe this set. These functions represent an object’s degree of truth, indeterminacy, and
false membership. The most intriguing aspect of the neutrosophic set is that it is assumed to have a symmetric form since
the truth membership 7, is symmetric to the opposite false membership F; with respect to the indeterminacy membership 1,,,
which precisely serves as an axis of symmetry. The neutrosophic connectivity index (Cly) is crucial in solving real-world issues,
particularly those involving traffic network flow. Neutrosophic graphs can be used to designate two features of knowledge with
the membership, intermediate membership as well as non-membership degrees in hesitations. Given the standing of Cly in
real-life problems and in understanding neutrosophic graphs, we aim to come out with some Cly in the environs of neutrosophic
graphs. We are acquainted with two natures of Clys, namely CIy and mean Cly, in the framework of neutrosophic graphs.
Nevertheless, certain types of nodes are called neutrosophic graph connectivity enhancing nodes (NCEN), neutrosophic
connectivity reducing nodes (NCRN), and neutrosophic neutral nodes. The node is enabled for neutrosophic diagrams. Let’s
make applications of Cly in two varieties of networks, traffic network flow and examples to demonstrate the applicability of the

proposed work.



1 Introduction

Zadeh>* introduced the idea of a fuzzy set by assigning degrees of membership between 0 and 1 to the elements of the
set. In 1975, Rosenfeld** examined the fuzzy graph. Thereafter, the identical idea was separately offered over the same
time period by Yeh and Bang®>. While Yeh and Bang provided applications for the concept of a fuzzy connected graph
and*0 36 4547 53 2435331 Rosenfeld identified a few basic features. Mathew and Sunitha introduced arc types'!to fuzzy terminal
nodes'? and geodesics!?. Atanassov® introduced the intuitionistic fuzzy set in 1986, which is a development of the fuzzy set.

1 and20,19,38,39

The intuitionistic fuzzy graph described and elaborated by Parvathi and Karunambigai* is a generalisation of the

fuzzy graph. Karunambigai and Buvaneswari”’ introduced slurs in /F G, like strong and weakest arcs, strong path, &, B-strong,
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and y-weak arcs. Karunambigai and Kalaivani~® viewed I/F Gs as a matrix representation. The cyclic CIoN and the mean

cyclic Cly of fuzzy sets are two connectivity measurements that Binu et al., introduced'®. The ideas of CIy, average Cly, and
connectivity node types were introduced by Poulik and Ghorai to the bipolar fuzzy graph environment with applications*>.
Cly and ACIy were presented by Mathew and Mordeson'#, who also explored their characteristics and practical uses. With a
focus on illegal immigration networks, Binu et al.,'> examined the Wiener index idea and the connection between the Wiener
index and the connectedness index. Abdu Gumaei et al.,' presented IF G connectivity indices and their applications. Many
researches using CI in intuitionisitic fuzzy graphs(See (°',(>-7)).*° Tulat Naeem et al., established the notion of wiener index
of intuitionistic fuzzy graphs with an application to transport network flow and*®. A generalisation of the fuzzy set and the
intuitionistic fuzzy set, the neutrosophic set was proposed by Smarandache*. It has the ability to interpret information that
is hazy, unclear, and inconsistent. The idea of single-valued neutrosophical set (SVNS), a subclass of the neutrosophical set
in which each membership of truth, indeterminacy, and falsehood accepts values between [0, 1], was then put forward by
Wang et al.,’°. Strong, complete, and regular monovalent bipolar neutrosophic graphs were characterised and new findings on
monovalent bipolar neutrosophic graphs were presented by Broumi et al.,'® while Hassan et al., established a number of distinct
types of bipolar neutrosophic graphs?® and*°,3*.3’Merkepci and Ahmad introduced the notion on the conditions of imperfect
neutrosophic duplets and imperfect neutrosophic triplets.!® Celik and Hatip presented the concepet on the refined AH-Isometry
and its applications in refined neutrosophic surfaces galoitica!’; then Celik and Olgun defined some basic properties of the
classification of neutrosophic complex inner product spaces.*® Masoud Ghods and Zahra Rostami examined the wiener index
and applications in the Neutrosophic graphs and compared this index with the connectivity index, which is one of the most
important degree-based indicators. Mathematically, it seems neutrosophic logic is more generalized than intuitionistic fuzzy
logic. neutrosophic logic can be applied to any field, to provide the solution for indeterminacy problem. Many of the real-world
data have a problem of inconsistency, indeterminacy, and incompleteness.

Fuzzy sets provide a solution for uncertainties, and intuitionistic fuzzy sets handle incomplete information, but both concepts
have failed to handle indeterminate information. Neutrosophic sets provide a solution for both incomplete and indeterminate

information. It has mainly three degrees of membership, namely, indeterminacy, and falsity.
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Related Work With Different Component
Reference | Year Techniques used Solved Problem
2 2020 | Intuitionistic fuzzy soft graphs | Gain and loss of vertices pair
! 2021 Intuitionistic Fuzzy Graphs Connectivity Indices
21 2023 Intuitionistic Fuzzy Graphs Wiener index
3 2022 | bipolar fuzzy incidence graph Cyclic connectivity index
13 2020 Fuzzy graphs Cyclic connectivity index
4 2020 Neutrosophic trees Connectivity index
3 2021 Neutrosophic graphs Wiener index

Table 1. Literature Review

In the above Table 1 works CI was obtained for fuzzy and intuitionistic fuzzy graphs but in real time average connectivity

index and also be interpreted in neutrosophic graph.

1.1 Motivation
The authors discovered that, to the best of their knowledge, no study has reported on the connectedness indices of neutrosophic
graphs and their applications in transport network flow after becoming informed and motivated by the aforementioned works.

The following explanations provide a rundown of this work’s main contributions:

1. Tt introduces the concepts of neutrosophic graphs. The notion of neutrosophic graphs is the focus of the first approach in

the literature, which is made in this study.
2. Itis investigated the significance of this new class of graphs and how to differentiate it from the other existing classes.

3. Additionally, the neutrosophic graph’s connection indices and average connectivity indices are established.

1.2 Novelty

1. To define neutrosophic graph.
2. To provide a new definition of neutrosophic connectivity index.
3. To define a neutrosophic connectivity index with edge and vertex.

4. comparing the numerical results for the average connection index with the

neutrosophic connectivity index.

This may help us to make better decision. The investigation of neutrosophic graphs and a few related ideas is the focus of this
study. Preliminary specifications for this job are outlined in Section 2. The Cly ideas and Cly bounds for neutrosophic sets are
developed in Section 3. The Cly of neutrosophic sub graphs with deleted vertices and edges is shown in Section 4, and Section
5 discusses the ACIy and its attributes. In Section 6, applications of Clys are covered. real time applications for Sections 7 and

8 complete this study providing a conclusion.
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2 Preliminaries

This section presents definitions and examples relating to neutrosophic graphs, arcs, in neutrosophic and neutrosophic cycles

pertinent to the current work.
Definition 1. ' A pair G = (N, M) is called a neutrosophic graph if,

y v TN v y FN
V=Aup,  upy iy, JUp, y withV —[0,1],V =5 [0,1] and V — [0, 1] representing the truth-membership function, inde-

terminacy membership function and falsity membership function,0 < TN (up,) +IY (u,,) + FN (up,) < 3 for each uy, € V.

v y M y M vy FM
CVxVwithE —[0,1],E = [0,1], and E — [0, 1] being as follows:

m((

TM (pisup,) < min{T} (up,), TN (up,) }
Irjlw(ull,'vupj) S min{[riv(upi)vlrltv(u[)j)}

E’M(”Piv”p,’) 2 max{E-N(upi),EN(upj)}
and 0 < T,M(up,.,upj) —l—I,}Z"’(upi,upj) —&—FiM(upl.,upj) <3 for all edge (up,;,up;) € E.
Definition 2. °° A neutrosophic graph G is complete if

TrM(MI’i’tu) = min{TrN(uPi)?TrN(uﬁj)}
[r}zw(upwup_/) = min{I,’,V(up,),I,IlV(up_/)}

FiM(uPi’”Pj) = max{FiN(”Pi)vFiN(”Pj)}
for each (up,;,uy;) € E.

Path has a significant and well-known part in neutrosophic graphs. We may define the path idea in neutrosophic graphs

using the following definition.

Definition 3. /6 A neutrosophic graph with different vertices Up, ,UPy , UPy,s ... ,up, said to have a path V., if it met one of the

conditions below.

T (upgup,) > 0, B () > 0, FM (up,,up;) =0
T (upyup,) =0, Dy up;) = 0, FM (up,,up,) >0
: TIM(MPNMPj) >0, I%(”Pm”p;) >0, FiM("‘Piv”p_,') <0.

The neutrosophic graphical representations play a significant role to analyse the strength of the paths of vertices in a two
dimensional space. The limitations of the strength of the paths have been defined component wise as well as total strength wise

in the following statements discussed in the Definition 4:
Definition 4. /6 Assume taht a neutrosophic graph G contain a path V= Up,  UpyyUpyseene. sUp,. Then Pis defined by
. T,-strenthgh if S, = min{]}M(up”upj)}

. Iy-strenthgh if S;, = min{1) (u,,,u,,)}
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3. Fy-strenthgh if Sg, = max{FM (up,,up.)}

4. The Slg = (S7,,S1,,SF,) is said to be a j2 strength if both St,,Sy, and S to the same edge occur.
Definition 5. 23 The T}-strength of connecting vertices up; and up; is define by
CONNy ) (up;sup;) = max{St, }, I,-strength of connecting vertices u,, and u,; is define by CONNy ) (up;sup;) = max{Sy, }
and F;-strength of connecting vertices up, and up; is define by CONNF,(G> (upi,upj) = min{Sg,} for all possible paths between
up, and up,, where CONNT,(G)—(upi,upj)(”Pi’ ij)’CONNI!!(G)‘(“}?,-v”pj)(upi’ up;) and CONNE(G)—(M,,i,u,,j)(ul’i’ul’j) denotes the
T}, 1, and Fi-strength of connected with up, and u),; achieved by eliminating the (upi,upj) edge from G.
Definition 6. 7’ An edge (up;sup;) in a neutrosophic graph

1. strongest, if TM (up,,up,) > CONNTr(G>(upi,upj)J,/,W(upi, Up;) > CONNIH(G)(up[, up;) and FM (uy;,u,.) < CONNF’_(G)(up[,upj)
for each up,;,up, €V.

2. Weakest, ifTrM(u,,i,u,,j) < CONNTr(G)(upi,u,,j),l,ﬁ"’(um,u,,j) <CONN, ) (up;sup;) and EM(u,,i,u,,j) > CONNE(G)(u,,l.,u,,j)
for eachup,,up, €V.
Definition 7. ¥ Let G = (N, M) be a neutrosophic graph. A path P Up; — Up; in G is said to be a strong path if P consists of

only strong edges.

(05,0.4,0.1) (0.4,03,0.1)
vi (0.4,03,0.1) w2
(0.
4'0'2'042)
- g 0.4,03,02)
S N v3
N S
S m
(=]
3 = QN 0 o
o
v5 (02,0.1,05) v
(0.4,03,0.2) (02,0.1,02)

Figure 1. Neutrosophic graph with strong and weakest arcs.

Example 1. In Fig. 1, TM (v,,,v,,) =0.7= CONNy ) VpysVpy ) I (v, ,vp, ) = 0.6 = CONN, ) (Vpy,vp,) and FM (v, vy, ) =
0.3= CONNE_(G)(v,,l \Vp, )» Which is implies that (v, ,vp, ) is a strong arc. Similarly,(Vp,,Vp;),(Vp,sVps), (VpysVp, ), are strong
arc and (vp,,vp, ), (Vp,,Vps ) are weakest arcs.

In this regard, P = vy, vp,vp, is a strong path.
Definition 8. %/ An arc (up;sup;) in a neutrosophic graph (G) = (N,M) is

1. IfTrM(uPi’tu) > CONNT,(G)*(MPI.,MPI.)(MPHupj)a

Ir[zw(uﬁi?ul’j) > CONNI,,(G)—(u,,i,upj)(quuﬂj)

and Fl-M(upi,upj) < CONNE(G)f(u,,i,u,,/.)("‘Piv”Pj) is called oc-strong.

2. UTVM(uPi7uP_j) = CONNT,(,G)f(upi,upj)("‘pn”p_,-)a
)(MPNMPJ')

Iy(upi,upj) = CONNI,;(G)*(
and E-M(u,,i,upj) = CONNE(G)—(uy )(upi,u,,j) is called B-strong.
1 7i7 ]

5 M[ll’rupj
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3. UTrM(upl,up,) < CONNT}’(,G)f(upw“pj)(up“upj),
Irly(um,upj) < CONNI”(,G)_(L‘P,’?upj)(up“upj)

and FiM(u,,i,upj) > CONNg(G)—(uy )(u,,l.,u,,j) is called y-weak.
1 71‘7 /

(0.6,0.5,0.4) (0.4,0.3,0.6)
vi 0.1,02,0.7) v2
- (0, [
& %oy 3
o ) o
& <
B o
= s
(0.4,0.3,04)
v3
v4
(0.5,04,0.4)
(0.7,06,0.4)
@ N
"z Q-
2 o
) @\‘
v5
(0.2,0.1,0.8)

Figure 2. A Neutrosophic graph with o, B-strong, and y-weakest arcs.

Example 2. Fig 2, shows, the arcs (vp,,Vp,)s (VpssVp3)s (Vpas Vps ) (Vpy s Vpy ) are o-strong, (vpy,vp,) is B-strong, and (v, ,vp, ), (Vps, Vps)
are y-weak.

Definition 9. 3 A path in a neutrosophic graph containing only a&B-strong arc are called a&B-strong.

Definition 10. **

1. If G* = (N*,Mx) is a cycle, then G = (N, M) is said to be a cycle

2. IfG* = (N*,Mx) is cycle, and P a pair (x,y) € M* be such that TM (t,x) = min{TM (a,b) | (a,b) € M*}, 1M (t,x) = min{I¥ (a,b) |
(a,b) € M*}, and FM(t,x) = max{FM (a,b) | (a,b) € M*}, then G is said to be a neutrosophic cycle.
Example 3. In Fig 3. Take T (u),), I (u,), FN (u,) = (.3,.3,.4),Vu € N*.Then, min{TM (u,,v,)} = 0.3, min{I¥ (u,,v,)} =

0.3 and max{FM (u,,v,)} = 0.4.

v1 (0.3,03,03) v2

(0.4,04,0.4) (0.4,04,04)

vA (03,03,03) v3

Figure 3. A neutrosophic graph cycle.

Our study’s primary goal is to increase the precision and accuracy of topological indices research, specifically in the

perspective of connection indices. Neutrosophic graphs provide more information than intuitionistic fuzzy graphs. In a certain
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condition of haziness and ambiguity, intuitionistic are termed by having membership grade and non-membership grade, but
neutrosophic graphs are considered by the 3 grades, namely true, indeterminacy, and false membership grades. As we are using
three membership grades, neutrosophic graphs do not have as much loss of information as relating to intutionistic graphs. For

this reason, we would want to suggest different CIN models for neutrosophic graphs and learn how to use them.

3 Neutrosophic Connectivity Index Graph

Naturally, when we discuss a network similar to a transport network, we consider its connectedness. The network’s connected-
ness indicates how stable and dynamic it is. Therefore, we may claim that this connectedness metric is the most fundamental
and essential. The connection metric is already present in neutrosophic graphs. However, neutrosophic graph is an extension of
intuitionistic fuzzy graph, performs better when intuitionistic fuzzy graphs are not permeable. The authors have thus suggested
this notion of connectedness from intuitionistic fuzzy graphs to neutrosophic graphs for the above mentioned purpose.The

authors have given some findings about the connectivity of neutrosophic graphs.

Definition 11. The Cly of a neutrosophic graph G = (N,M) is demarcated as

CIy(G) = Z (TrN(“p)alrjzv(”p)aE‘N(”ﬂ))(Trjv("p)vl;lqv(vn)aﬂlv("p)) X CONNG(”paVn)
upvpeV(G)

= Y (T ) B (up) B (wp)) (T () 13 (vp) B (v))
up,VPGV(G)

(CONNT,.(G)(”mVp)vCONNIH(G)(”pyvp%CONNpi(G)(”ppr))
= Z (RN(MI7)TrN(Vp)CONNT,(G)("‘pyvp))
up,VPGV(G)
+ (I;iv(”p)lrly(vp)CONNIn(G)(”pv"p)) + (FiN("‘p)FiN(Vp)CONNF,.(G)(”pyVp))

= Z T,N(up)T}N(vp)CONNTr(G)(up,vp)
up,vl,G\v/(G)

+ )Y L)L) (vp)CONN, ) (up,vp)
”pavpe‘g/(G)

+ Z EN(”p)EN(Vp)CONNE(G)(upaVp) 3.1
“vaPEV(G)

= T,CIy(G) + I,CIn(G) + FCIy(G) (3.2)

where T,CIy(G),1,Cly (G)&F,CIy(G) are T,,I,&F;-connectivity index of G, and
CONNp, (up, vp),CONNIn(G>(up, vp)&CONNFi(G)(uP, vp) are T, I, &Fj-strength up, — vp,.

Example 4. In Fig I,

I,CIy = Z TrN(”p)TrN(Vp)CONNT,(G)(”pavﬂ)
upvpeV(Q)
=(S)(AD(2)+ (A (4)+(D)(2)(3)+(3)(4)(3)+(4)(4)(4)
+H(A)(2)(3)+ (A (A () +(AD(2)(3)+ (A (AH)(3)+(2)(4)(.3)
=0.442
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I,Cly = Z 1Y (up)I) (v,)CONN, (G (tp,vp)

”vapEV(G)
=(4)(3)(D+(4(3)(2)+ (4 (D(2)+(4(3)(2)+(:3)(:2)(:2)
+(3)(1)(2)+ (3)(3)(2) + (3)(1)(-2) +(:3)(:3)(:2) + (.1
=0.140
FCly = Z EY (up)F (vp)CONNp ) (up, v))
upvpeV(G)
=(DEDES)+D(2)(2)+(D(2)(4) +(D(2) (D +(1)(2)(:2)
(DA + (D)) +(2)(:2)(4)+(2)(:2)(2) +(2)(:2)(4)
=0.073

Cly = T,CIy + I,CIy + FCly
Cly =0.442+0.140+0.073

CIy =0.635

It may be observe that 7,CIy(G) > I,CIn(G) > F,CIy(G),which show that the level of F;ClIy(G) is lower than the level of

I,CIn(G) is lower than the level of 7,CIy(G).

Proposition 1. If G = (N, M) is a complete neutrosophic graph with N* = {v, ,v,,, ...,

12 <o < re&s) > 52 > > s, where ty, = TN (v,y1),

Tp; = Iszv(vpi)’ and s, = FiN(VPi)’

CIn(G Z Zfﬁ): irﬁZ Zs,

pi=1  j=i+1 =1 j=itl =1 j=itl

Proof. Assume that v, is the vertex with the lowest truth-membership value #.

vp t be suchthatt) <ty <...<ty,r <

(3.3)

A complete neutrosophic graphis CONN,. (G >(up,vp) TM(up,vp)Vup,vp € N*, so, Y}M(vp],vp,-) =11;2 < vp; < K and hence,

T! (vlfl)EN(Vﬂi)CONNT,(G) (Vpy,Vpi) = ti.tp.t1 = t3tp;2 < p; < K. we have
K
) T (vp, )TN (v, )CONN,. (G 1 (Vo1 Vp;) Z i,
pi=2

for v, , is

Z 7Y (vp, )T, (v, )CONNy, 7.(G ) (Vb2 V1) Z B1p;s

for v, is

ZTN (vp) T (Vi) CONNy, Gy (Vs vpi) = Zt3t,,

and for v, | is

K K

Z T (vpe )TN (v, JCONN, (G)(fol’vpi) = Z fe1tp;-
pPi=K pi=K

34

(3.5)

(3.6)

3.7)
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The result of combining the equations above is

T,CIY (G Z ity + Z Bty + Z Bttt Y to ity 3.8)
pi=4 pi=K

= plZ:l t p_,-:zp:—&-l Iy, (3.9
Suppose vy, is the vertex with least indermatiance-membership value ry.
Then, for a complete neutrosophic graph, CONN, G, (up,vp) =M (up,vp)Vup, v, € N*,
S0, L} (vpy,vpi) = r1:2 < i < nand hence.LY (vp, )1} (vpi)CONN Gy (vpy ,vpi) = r1.ri.ry = riri;2 < p; < k. Taking summation

over P;, we have

Z (vp I v,,,)CONN< (Vpy s Vpi) Zrlr,,,, (3.10)
=2
for vp,, is
21 v, )1, v,,,)cozvzv< (VpysVpi) ):rzr,,, (3.1
for v, is
ZI Vo )L (vpi)CONN,. Gy (Vs Vi) Zr3rp, (3.12)

and for vi_1 is
)
Z 1Y (va—1)IY (v,1)CONN, (G (V=1 vpi) = Y oy (3.13)
Pi=K
The result of combining the equations above is

L,CIN(G Z i, + Z Bri+ Z P3rp; e+ Z r,%,lrpi (3.14)
=2 pi=4 pi=K

Kk—1 K
= l; ]27ip.i=§+lrpj. (3.15)
and

Suppose v, is the vertex with least falsity-membership value s;. Then, for a complete neutrosophic graph, CONN (G) (up,vp) =
FM(up,vp)Vup, vy € N*, So, FM (vy,,,vp,) = 5152 < p; < Kk and hence,

FN(vp, )FiN(vpl.)CONNE(G)(va,vpl.) = 51.5p;-51 = 535532 < pi < K.

l

Z EY (vp, )E (vpi)CONN Gy (vp; Vi) Z $1Spis (3.16)
=
for vp,, is
Z FY (v, )E (vpi)CONNL Gy (Vs Vi) 2 35 pis (3.17)
for vp, is
Z4FN vpy ) B (vpi) CONNp Gy (Vg i) = 24 538 p;s (3.18)
pi= pi=
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and for v_1 is

Z FN(ve 1) v,,,)CONN (G)(v,c,l,vpi): Z SE_1Sp,-

pi=K
By adding all the above equations, we get
K
FCIN Z S1Sp; + Z $58p; + Z §38p, + oo+ Z s,chls,'
pi=K
k—1 ) K
= Spi Z Spj-
=1 pj=pi+l
Finally, Sum of all Clys,we Get
CIn(G) = T,CIy(G) + L,Cly(G) + FiCIy(G)
K—1 ) K Kk—1 ) K Kk—1 ) K
= thi Z %*Z’m Z rl’j+ Zsm Z Spj
pi=1 pj=pi+l =l pj=pi+1 pi=1 pj=pi+l

Example S. Fig 4 makes it clear that k3 is an entirely neutrosophic graph. So,

T,CIN(G Z T (vpi) T (vp;)CONNy Gy (Vpis Vp))
pi=1

= (0.5)(0.6)(0.5) + (0.6)(0.6)(0.6) + (0.5)(0.6)(0.5)
=0.516

LCIN(G Z LY (vpi)Iy (vp;)CONN, Gy (vpis Vi)
pi=l1

= (0.4)(0.5)(0.4) + (0.5)(0.5)(0.5) + (0.4)(0.5)(0.4)

=0.285

FCIN(G Z EN(vyi)EN (v, )CONN;, (G)(vp,-,vpj)
pi=1

=(5)(A)(5)+(4)(3)(4)+(:5)(.3)(.9)
=0.211.

CIy(G) = T,CIN(G) + I,CIn(G) + FCIN(G)
=0.516+0.285+0.211

=1.012.

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

10/28



Now, we use above theorem
k—1 , & 2 ) 3
Yt X =X Xt
pi=l  pj=pi+l pi=l  pj= m+1
= (h+n)+685

= (0.5)%(0.6+0.6) + (0.6)*(0.6)

=0.516
K—1 5 K 2 5 3
Z Tpi Z Fp; = Z "pi Z
pi=l  pj=pi+l pi=l  pj=pi+l

=1 (r+r)+rn
= (0.4)2(0.540.5) 4 (0.5)%(0.5)
=0.285

K—1
2
Y sy, Z Z Spi Z Spj
pi=1 pPj PﬁLl pi=1 pj=pi+l
= s%(sz +53) +S%S3
=(5)*(3+.4)+(3)*(4) =211
Adding these three summations, we get

Kk—1 K Kk—1 K K—1 K
Yo ¥ +Ynn Y n+Ys Y os,=0516+0285+0211.

pi=l  pj=pitl pi=l  pj=pi+l pi=l  pj=pi+1

=1.012

Hence, it is verified that

k=1 2 K— K—
CIN(G) 71[[’1 Pj =pit 1[[7,“!‘2 71 plZPj Pl+1rpl+z 71 PzZP/ =pi+ 1S]

4 Connectivity Index with edge and Vertex Deleted Neutrosophic graphs

A vertex or an edge deletion may or may not have an impact on the Cly. It is based on how the edge and vertex that must be

omitted behave.

Example 6. In Fig 5, take Cly =2.923 G = (N, M). Then (vp,,vp,), (Vpy:Vps)s (Vps, Vps) are oi-strong arcs,(vp, ,vps), (Vps,Vp,)

are B-strong arcs and (vp,,vp, ), (Vpy,Vps) are y-strong arcs. Then,

T,CIy(G ZT vpi) I (vp;)CONNp Gy (Vpis Vp))
pi=1

= (0.6)(0.4)(0.2) + (0.6)(0.5)(0.4) + (0.6)(0.7)(0.5) + (0.6)(0.2) (0.1)
+(0.4)(0.5)(0.2) + (0.4)(0.7)(0.2) + (0.4)(0.2)(0.1) + (0.5)(0.7) (0.4)

+(0.5)(0.2)(0.1) + (0.7)(0.2)(0.1)
=0.658
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LCIy(G Z L (vpi) Iy (vp )CONN, ) (vpis vp))
pi=1

= (0.5)(0.3)(0.3) + (0.5)(0.4)(0.3) + (0.5)(0.6)(0.4) + (0.5)(0.1)(0.1)
+(0.3)(0.4)(0.3) + (0.3)(0.6)(0.3) + (0.3)(0.1)(0.1) + (0.4)(0.6)(0.3)
+(0.4)(0.1)(0.1) + (0.6)(0.1)(0.1)

=0.405

FCIy(G Z FY (vpi) F¥ (v )CONN ) (vVpis vp))
pi=l

=4S+ (DD +H (DA (D +(D(B)(.8)+ (.7 (4)(.5)
+ (DA + (T8 (8)+ (A)(A)(5)+(4)(.8)(.8)+(4)(.8)(.8)
=1.86

CIn(G) = T,CIn(G) + 1,CIn(G) + F.CIy(G) = 0.658+0.405+1.86 = 2.923. So, we have CIy(G — (vp,,vp,)) = T,CIy(G —
(VpysVps)) + TCIN(G = (v, ,vp,)) + FCIN(G — (vp,,vp,)) = 0.448 4 0.285 + 1.796 = 2.529. Thus, CIy(G — (vy,,vp,)) <
CIn(G), this implies CIy of G have reduced by neglecting c-strong edge (vp,,vp, ). The neutrosohic graph, G — (vp,,vp,) like
Fig 6(a).

If we remove the f3-strong edge (v),,Vp, ), then every pair of vertices strength of connectivity is constant, ie.,

CONNT,(G)(Vpthj) = CONNT,(G)f(vpl ,vp3)(vpiavpj)a
CONNIH(G)(Vpi,ij) = CONNIH(G)f(Vpl ,VPS)(Vpquj)

CONNE(G)(Vpi"’pj) =CONNE G- )(Vpiv"pj)7

P1°VP3

$0 CIn(G — (vp,,Vp;)) = CIn(G). The graph of G — (v, ,vp,) according to Fig.6(b).
Similarly, when we delete the y-arc (v, ,vp, ), then both the Cly and the strength of connectivity between each pair of vertices

remain constant. The graph of G — (v, ,v,,) appears in Fig 6(c).

U3 Vo

(0.6,0.5,0.4) (0.6,0.5,0.3)

Figure 4. A complete neutrosophic graphv with Cly = 1.012.
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(0.6,0.5,0.4) (0.4,0.3,0.7)
U1 (0.1,0.2,0.8) U2

(¢'0°¢'0C°0)

U3
(0.5,0.4,0.4)

Us
(0.2,0.1,0.8)

Figure 5. A neutrosophic graph Cly = 2.529.

T,CIN(G — (Vpy,vp,)) ZTN vpi) TN (0p)CONNG Gy (3 ) (Vs Vi) = 0.448 (4.1)
LCIN(G — (v, ,vp,)) Z 1Y 0p) Y (vp))CONNy Gy, 1y) (Vpis Vi) = 0.285 (4.2)
FCIy(G — (vp,,vp,)) Z ENpi) B (vp))CONN Gy ) i Vi) = 1790 4.3)

Theorem 1. Let H be the neutrosophic sub graph of a neutrosophic graph G = (N,M) produced by taking away an edge
upvp € M from G. Then, CIY (G) > CIy(H) or (Cly)Y (G) < Cly(H) iff upvy is a bridge.

Proof. Consider u,v, as a bridge. As stated in Definition 6, there exit u;, and v, in a way that reduces the strength of their
connection. So, We determine that (Cly)Y (G) > CIy(H) or (Cly)Y (G) < CIy(H). Conversely, let that CIy(G) > Cly(H) or
CIy(G) < CIy(H) and give the following options some thought.

Case(a). Consider, u,v, is a y-arc. Then, CONNy, G, _,,,, (tp,Vp) = CONNp, ) (up,vp),

CONN|(G)-u, vp(up,vp) CONN, G G)(up,vp), and CONN, H(G )7upvp(up,vp)

= CONN, G, (up,vp). So, we have (T,CIy)Y(G) = T,CIy(H), (I,CIn)n(G) = I,CIy(H) and (F,CIy)Y(G) = F,CIy(H) and
therefore, (CIy)N(G) = CIy(H).

Case(b). Let u,v), as y-strong arc. Then, T” (u,,v,) = CONN. 1.(G)=upv, (UpsVp)s

1M (up,v,) = CONN, 1(G)— (up,vp) and FM (up,v,) = CONN,. F(G)—upv, (up,vp). This implies that there is another u, — v,

Upvp
path different from u,v, edge. Therefore, the removal of the arc u,v, will have no effect on the strength of connectedness

between u,, and v,,. So, CIy(G) = CIy(H).

Case(c). Now, let u,v, be a-strong edge. Then, T (u,,v,) > CONNp, (G- (tpsVp),

1M (up,vp) > CONN, 1(G)— o (p,vp) and FM(up,,v,) < CONN, F(G)—upvy (up,vp). Thus, the strongest path is u,v, edge with
strength equal to (T,M(up,vp),If}’I(up,v,,)7

EM(up, vp)). Then, clearly CIy(G) > CIy(H ), or CIy(G) < CIy(H), T,CIn(G) — T,CIn(H) > I,CIn(G) — I,CIn(H) > FiCIn(G) —
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(P
(0.6,0.5.0.4) (0.4,0.3.0.7)

(0.6,0.5.0.4) (0.4,0.3,0.7 \ s
v 1 (0.1,0.2,0.8)

(0.1.0.2,0.8) “2

(¢'0'€°020)

S0'€0'z0)
= (0.5,0.4,0.4)

(

(0.4.0.3,05) (0.40305) 1. (0.504,0.4)

U3(0.5,0.4,0.4)

- v, .
(0.7,0.6.0.4) "4 (0.7,0.6,0. l)//{/

(0.1,0.0,0.9) '{/ (0.1,0.0,0.9)
7
D)
b

(0.1,0.1,0.8)

(0.2,0.1,0.8) (0.2,0.1,0.8)

(a) (b)

(0.6,0.5,0.4) (0.4,0.3,0.7)
" vy

(0.5,0.4,0.4)

(0.7,0.6,0.4) v4 vs (0.5.0.4,04)
(0.1,0.1,0.8) ' (0.1,0.0.0.9)

(0.2,0.1,0.8)
()

0.2,0.3,0.5)

Figure 6. G— (v,,,vp,),G— (vp,,vp;) and G — (v, ,vp, ),
(a) Gf (vp1 7V[74)' (b) Gi (Vp|avp3)v (C) Gi (vm 7Vp2)'

FCIy(H) or T,CIy(G) — T,CIy(H) < I,CIy(G) — I,CIn(H) < F,CIy(G) — F,CIy(H) since a-strong edges are neutrosophic

bridges. This implies that u,v), is a bridge.

Remark 1. Let H be the neutrosophic sub graphof a neutrosophic graphG = (N, M) formulated by removing an edge u,v, € M
from G. Then, CIy(G) = CIy(H) < u,v, is either B-strong or y-edge.

Remark 2. Consider the case when upv), is an edge of a neutrosophic graphG = (N,M). Then, CIy(G) # CIn(G —upv)) if

and only if a unique neutrosophic bridge of G is u,vp.
Theorem 2. Let G; = (N1,M)) and G, = (N2,M>) be the two isomorphic neutrosophic graphs. Then, CIy(G,) = CIy(G,).

Proof. Suppose that G; = (N1,M;) and G, = (N2, M) are isomorphic neutrosophic graphs. Then, 3 is a mapping h : N; — N,
such that % is bijective and T, (up,) = Ty, (h(up,;)),In, (up;) = In, (h(up,;)) and Fy, (up,) = Fy, (h(up,)) for all up, € N* as well
as T, ("‘Pi’ MP_/) =Tu, (h(ul’i)’ (upj))7IM1 (MPH ”P_/) =In, (h(upi)> ("ﬁ’j)) and Fy, (”P;?”P_,‘) = Fi, (h(upi)’ (”P_,‘)) for all up, € M.

As G, and G, isomorphic, then the strength of any strongest u, — up,; is equal to h(uy,) — h(up;) in G,. Thus, u,,v, € N*

CONNT,(G])(”Piv”pj) = CONNT,(GZ)(h(uPi)7h(uﬂj))’ 4.4)
CONNIH(GI)(MPHMPj) = CONNMGZ)(h(upi),h(upj)), 4.5)
CONNE(G])(MPMMI’]‘) = CONNE(Gz)(h(”m),h(”pj)) (4.6)
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So, we have

TCIN(G) = Y Ty (up)Ty, (up;JCONNy G,y (1tp; up;) 4.7)
"‘P,"“I’jEV(Gl)
= Z U (h(upi))TNz (h(upj))CONNT(Gz)(h(upi)ah(upj)) 4.8)
h(up,)h(up )€V (Gy)
= T,CIN(Gy) @9
LCIy(G,) = Y v (up)In, (up j)CONNI(Gl)(upl., p,) (4.10)
Up;sttp EV(G])
= Z Iy, (h(up;) ), (R (”p]))CONN( )(h(”pi)ah(“p/‘)) (4.11)
h(up;)h(up )€V (Gy)
— I,CIy(G,) 4.12)
FiCIN(Gl) = Z F}\/1 (uPi)FNl (upj)CONNF(Gl)(uPNMPj) (413)
Upjstipj ev(Gy)
= Y Fu(h(up)F (h(uy))CONNp G, (). huy,) (4.14)
h(“pi)vh(”p.f)EV(Gﬁ
= FCly(G,). 4.15)
Thus,
T,CIN(G,) +1,CIN(G,) + FiCIN(Gy) = T.CIN(G,) + 1,CIN(Gy) + FiCly (G,
This implies that Cly(G,) = CIy(G,). O

5 Neutrosophic Average Connectivity Index graph

The literature on intuitionistic fuzzy graphs contains the idea of average connection index. Therefore, the authors have presented
this idea for neutrosophic graphs. The average flow of a network ensures its stability.

Definition 12. The average T,-connectivity index of G is defined by

1
ATCIN(G) = = Y. T/(up)TY (vy)CONN, (G (1, vp) (5.1)

K
2) up,vpEN*
the average I,-connectivity index of G is defined by

1
ALCIN(G) = Zv ), I (up)I (vp)CONN, ) (up,v)) (5.2)

)
2) up,vpEN*

the average F;-connectivity index of G is defined by

AFCIy(G T) Y, EV(up)E (vp)CONNg ) (utp,vp) (5.3)
2) up,vpeN*

where CONNp. G) (up,vp) is the T,-strength of connectedness,CONN,N(G) (up,vp) is the I,-strength of connectedness and

CONNFi(G)(up,Vp) is the Fi—strength u, —v,,.
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Definition 13. Let G = (N, M) be a neutrosophic graph. Then, the average connectivity index of G is defined to be the sum of

average T,-connectivity index, I,-connectivity index and F;-connectivity index of G,

1
ACIN(G) = T) Z TrN(”p)TrN(Vp)CONNT,(G)("‘pv"p)
2) up,vpeN*
1
T) Y. ()l (vp)CONN, ) (up,vy)
2) up,vpeN*
1
U Z EN(”p)I:iN(Vp)CONNFi(G)(”pv"p) G4
up,vpEN*
AT,CIn(G) + ALCIy(G) + AFCI(G) (5.5)

where CONNTr(G)(up,vp) is the T,-strength of connectedness,CONNln(G) (up,vp) is the I,-strength of connectedness and
CONNFi(G)(up,vp) is the Fi-strength u, — v),.

Example 7. In Fig 7, let G = (N, M) be the neutrosophic graph with (TN (v,), 1Y (v,),F (v,)) = (.9,.9,.2)¥v), € N*. Then,
we have (T,CIy)N(G) = 1.215,(I,CIy)N (G) = 1.134, (F,CIy)N (G) = 0.056 and CIy = 2.405.

From Example 7, (CIy)" (G) = 2.405 and the number of pair in G is (g) = 6. By average in G the (T,CIy)Y (G), (I,CIv)Y (G), (F.CIy)Y (G)
and (CIy)N(G), we get

(AT, (G) = (TN (G) = £(1215) =02025,

1 1
(ALCIN) (G) = ¢ (IhCln),) (G) = £(1.134) = 0.189,
1 1
(AFCIv)Y (G) = 8(F,-CIN)f,V (G) = £(0.056) = 0.0093

(ACIN)Y (G) = 0.2025 4 0.189 4 0.0093 = 0.4008.

Now,consider G — v, and we have
T,CIN(G —vp,) = 0.567,1,CIn(G — v, ) = 0.648, F;,CIy(G —v,,) = 0.036 and CIy(G —v),,) = 0.5674-0.648 4-0.036 = 1.251.

On average in G them, we have

0.567
AT,Cly(G—vp,) = =3 = 0.188,

0.648
ALCIN(G —vy,) = =5~ = 0216,

0.036
AFCIy(G—v),) = =5~ = 0012

ACIN(G —vp,) = 0.188+0.216 +0.012 = 0.416.
By eliminating vertices, G’s total connectedness is enhanced v, from G.

Definition 14. Let G = (N, M) be a neutrosohic graph and u,,,v, € N*. Then, u,, is called a neutrosophic connectivity reducing
node (NCRN) of G if ACIy (G — u,) < ACIN(G).

up, is termed as a neutrosophic connectivity enhancing node (NCEN) of G if ACIn(G — up,) > ACIy(G).up is said to be a
neutrosophic neutral node of G if ACIy(G — up,) = ACIn(G).
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Figure 7. A neutrosophic graph G —v,,, (a) A neutrosophic graph with CIy = 2.405. (b)G — v, .

(%)

41 (03,0.3,0.5) U3

Figure 8. A neutrosophic graph with NCRN,NCEN and neutrosophic neutal nodes.

Example 8. Consider the neutrosophic graphs shown in Fig 8, We have taken here

(TN (up), I (up,), FN (u,,)~(0.5,0.5,0.5),Vallu, € N*.ACIy(G) = 0.2083,ACIy (G —v,,) =0.191,ACIy (G —v,,) = 0.225,ACIy (G —
Vp,y) = 0.2083,ACIn(G — v, ) = 0.2416.

ACIN(G—v),) <ACIN(G),ACIN(G—vp,) =ACIN(G), and ACIN(G —v), ), ACIN (G — v, ) > ACIN(G). Thus vy, isa NCRN,v,,

is a neutral node, and vy, , vy, are NCEN.

Theorem 3. Let G = (N,M) be a neutrosophic graph and u, € N* having [N*| > 3. Suppose r = CIy(G) /CIn(G —up).uis a
NCEN iff r < x/(x—2). up is a NCRN iff r > x/(x — 2).up, is a neutrosophic neutral node iff r = x/(x — 2).

Proof. Suppose u, is a neutrosophic neutral node. Then, ACIy(G —u,) = ACIy(G).

The ACly is
1 1
7 CIN(G) = - CIN (G — up). (5.6)
I O R
From here, we get
(CIv)m(G) ()
= 5.7
CIn(G —up) (Kgl) (5.7
_ Kk(xk—1)/2
(k= 1)(k—-2)/2 5-8)
K
=7 5.9
O
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Theorem 4. Suppose G = (N,M) be a neutrosophic graph with |N*| > 3. If w, € N* is an end vertex of G, let | =
Yu,ent—w, CONNT,(G)(upva) + LupeN —w, CONNIn(G)(uP7WP) + X, ent—w, CONNE(G)(MP,WP). Then,

1. w,isa NCEN ifl < (2/(x—2))CIn(G —w))

2. wpisaNCRNifl > (2/(k—2))CIy(G —w))

3. w, is a neutrosophic neutral node if | = (2/(x —2))CIy(G —wp)
Proof. Supoose w), be a neutrosophic neutral node. Then, ACIy(G —w,) = ACIy(G).

We see that

CIN(G) =CIN(G—wp)+ Y, CONNp G (up,wp)

ueN*—w
+ ), CONNG)(up,wp)+ ), CONNg ) (utp,wp) (5.10)
upEN*—wp upEN*—wp
CIy(G) = CIn(G —w,) +1, (5.11)
I =CIN(G) — CIn(G — w)) (5.12)
L L (@) - L cnG—w)) (5.13)
IR A AT AN :
G 6 (3) !
= %CIN(G_W[J) - %CIN(G—W,,) (5.14)
(*3) (3)
Cly(G w)[ ! 1] (5.15)
- N\Y — ?_T ) .
RICOING
lCIN(Gw,,)[ EE)I 1] (5.16)
(*5)
2
O

6 Application of Neutrosophic graph with Transport Network Flow

Take a neutrosophic directed network G, with traffic flow, as seen in Fig 9 Assume T.Y (v,,), 1% (v,,), F¥ (v,)) = (0.8,0.8,0.2) for
all v, € V(G). Undirected neutrosophic graph and directed neutrosophic graph have identical connectivity. Both the directed
and undirected neutrosophic graphs have comparable connectedness. Therefore, these notions may be expanded to directed
neutrosophic graphs. The junctions at the vertices include correct, indeterminate and incorrect metrics for vehicles. The weights
of the edges, which stand for the roadways that connect two junctions, represent the amount of vehicles carrying correct,
indeterminant and incorrect information. Now, the authors will talk about certain network flow connection aspects.

First, the corresponding 7, connectivity matrix will be identified; TM(G) is the directed neutrosophic graphs.

0 04 07 07 07]
05 0 05 05 05
TM(G)= 105 06 0 05 05
05 06 07 0 05
04 04 04 05 0
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The matrix above is not symmetric since the graph is directed. We must thus add up every element of the matrix. Thus,
T,CIy(G) = 6.784,AT,CIy(G) = 0.6784.

Now, the associated I,-connectivity matrix /M (G) is given as follows

0 04 05 04 07
07 0 04 06 07
IM(G)= (0.7 07 0 06 0.7
05 05 05 0 05
04 04 04 06 0

cumulative each component of the matrix. Thus, I,CIy(G) = 6.976,AI,CIy(G) = 0.6976.

The corresponding FM(G) matrix for F-connectivity is now stated.

0 06 04 06 0.6
02 0 06 04 0.6
FM(G)= 102 02 0 04 04
04 04 04 0 04
06 06 06 06 O

By summing up all of FM(G) entries, we get F;,CIy(G) = 3.600,AF;,CIy(G) = 0.360. Thus, ACIN(G) = AT,CIy(G) +
ALCIy(G) +AFCIy(G) = 0.6784 +0.6976 + 0.360 = 1.736
Consider G —v,,. Moreover, it is a directed neutrosophic graph.

The matrices TM(G —v,,),IM(G —v,5) and FM(G — v, ) are given by

0 06 07 07

05 0 05 05
TM(G—vyy) =

05 06 0 05

05 06 07 O

07 0 04 04
07 07 0 04
05 05 05 O

IM(G_Vps) =

02 0 06 0.6
FM(G—vps) =

04 04 04 O
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by calculation we have

T,CIN(G —v),) = 4.416,AT,CIy(G — v, ) = 4.416/6 = 0.736
LCIN(G —vp,) = 3.84,AL,CIN(G — v, ) = 3.84/6 = 0.464

FCIy(G— Vps) = 0.216,AF,CIy(G — v,,s) =0.216/6 = 0.036.
Thus

ACIN(G —vp) = AT,CIN(G — v, ) + ALCIN(G — vy ) + AFCIy(G — v, )

=0.73640.464 +0.036 = 1.412.

As ACIN(G — vp5) < ACIy(G), which implies that v,,, is NCRN. After that, we consider G — v,
The matrices TM(G —v,, ),IM(G — v, ) and FM(G — v, ) its given by

0 03 03 03
06 0 03 03
06 07 0 03
05 05 05 O
0 03 03 03
07 0 03 03
05 05 0 03

05 05 06 O

TM(G_Vm) =

0 0.6 0.6 0.6
02 0 06 06
04 04 0 06
04 04 04 O

FM(G—vp, )=

we have

T,CIN(G —v,,) = 3.328, AT,CIy(G —v,,) = 3.328/6 = 0.555
LCIN(G—v,,) = 3.264,AL,CIy(G —v,,) = 3.264/6 = 0.544

FCIN(G—v,,) = 2.32,AFCIy(G — vp, ) = 2.32/6 = 0.3867.

Thus

ACIN(G— vp) = AT,Cly (G — vy, ) + AL CIy(G — vy, ) + AECIN(G — vy,
=0.555+0.544+0.3867 = 1.4857.
As ACIN(G — vy, ) < ACIyN(G), which implies that v, is NCRN.

After that, we consider G —vp,.

The matrices TM(G —v,,),IM(G —vp,) and FM(G — v, ) its given by

5

6.1)
(6.2)
(6.3)

(6.4)

(6.5)

(6.6)
6.7)
(6.8)

(6.9)
(6.10)
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0 07 07 07
0O 0 0 0
TM(G—vy,) =
0 07 O 0
0 05 05 O
0 04 06 0.7
0 0 0 0
IM(G—vp,) =
05 0 0
05 05 06 O
0 06 06 04
0 O 0 0
FM(G - sz) =
0 04 O 0
0 04 04 O
we have
T,CIN(G —vp,) =2.432,AT,CINy(G — vp,) =2.432/6 = 0.4053 (6.11)
L,CIn(G —vp,) =2.112,ALCIN(G —v)p,) =2.112/6 = 0.352 (6.12)
FCIN(G—v),) = 1.12,AF,CIN(G —v),) = 1.12/6 = 0.1867. (6.13)
Thus
ACIN(G —vp,) = AT,CIN(G — vp, ) + ALCIN(G —v),) +AFCIN(G — v)p,) (6.14)
=0.4053+0.352+0.1867 = 0.9444. (6.15)

As ACIy(G —vp,) < ACIy(G), which implies that v,, is NCRN.

Now we consider G —vp,.

The matrices TM(G —v,,),IM(G —v,,)andFM(G —v,, )its given by

0O 0 07 07
05 0 05 05
TM<G - VP3) =
0 0 0
0O 0 05 O
0O 0 04 0.7
0 0 06 0.7
IM(G—vp,) =
0O 0 O 0
05 0 06 O
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0O 0 06 04
02 0 04 04
FM(G—v,,) =
0 O 0
0O 0 04 O

we have

T,CIN(G —vp,) = 2.176,AT,CIN(G — v,,) = 2.1762/6 = 0.3627
LCIN(G —v,,) = 2.368,AL,CIN(G —v,,) = 2.368/6 = 0.3947

FCIn(G —v,,) = 0.096,AF,Cly (G — v,,) = 0.096/6 = 0.016.

Thus

ACIN(G —vp,) = AT,CIN(G — vy, ) + ALCIN(G — vy, ) + AFCIy(G — v,

=0.3627+0.3947+0.016 = 0.7734.

As ACIy(G —vp,) < ACIy(G), which implies that v,, is NCRN.
Now we consider G —v,,.

The matrices TM(G —v,,),IM(G —v),) and FM(G —v,,, ) its given by

0 04 04 07
05 0 04 05
05 06 0 05
04 04 04 O
0 04 04 07
07 0 04 07
07 07 0 07

07 04 04 O

TM(G—vp,) =

IM(G—vp,) =

0 06 06 04
02 0 06 04
02 02 0 04
06 06 06 O

FM(G_VIM):

we have

T,CIN(G —vp,) = 3.648,AT,CIN(G —v,,) = 3.648/6 = 0.608
LCIy(G —vp,) = 4.416,AL,CIN(G —v,,) = 4.416/6 = 0.736

FCIy(G—vp,) = 0.216,AFCIy(G —v,,) = 0.216/6 = .036.

(6.16)
(6.17)

(6.18)

(6.19)

(6.20)

6.21)
6.22)

6.23)
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Thus

ACIN(G —vp,) = AT,CIN(G — vp,) + ALCIN(G — vy, ) + AFCIy(G — vp,) (6.24)

=0.60840.736+0.036 = 1.38. (6.25)

As ACIN(G —v),) < ACIn(G), which implies that v, is NCRN. So, the removal of junction v,, increases the average connec-

v (0.5,0.7,0.2) v2

(9°0'%°0°L°0)
(0.6,0.7,0.2)

U3

V4 (0.7,0.5,0.4)

Figure 9. various connection indexes when a vertex is removed.

G—vpi  ACIN(G—vp) |ACIN(G) —ACIN(G —vpi)|
G—vp, 1.4857 0.2503
G—vp, 0.944 0.792
G—vp, 0.7734 0.9626
G—vp, 1.38 0.356

Table 2. Various connection indexes when a vertex is removed.

tivity amongst the other junctions. Table 2 show that there is a small difference between ACIy(G) and ACIy(G — vy, ). So, the

removal of v,,, has too much effect on the network.

It is also seen that the difference between ACIy(G) and ACIy(G — v, ) higher than the other differences, so the removal of

vp, has maximum negative effects on the connectivity. The removal of ACIy (G —v,,) or ACIy(G —v),, ) may have indeterminant

effects on the traffic network flow.

7 Real Life Application

7.1 Highway System

Accident rates are rising daily as a result of the heavy traffic on the roadways. The government should make considerable
efforts to reduce the number of traffic accidents in order to reduce these incidents. To address this issue, a visual representation

of neutrosophic graphs is offered here. The average connection indices between each pair of vertices in neutrosophic networks
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may be calculated to achieve this. The roads with the highest average connection index carry the most traffic and are the main
sites of traffic accidents. To reduce accidents on certain roads, the government can build speed bumps, speed breakers, and

deploy additional traffic wardens.

7.2 Computer Network

The exchange of data between computers in a network of several computers. The top performing computer or computers in a
network that share the most data with all other computers in the network must be identified. The average connection indices
between each pair of computers in a network may be computed to do this. The necessary computers for sending the most data

to all the other computers in a network will be the pair of computers with the highest average connection indices.

7.3 Advantages

As a result of our examination, the following are the main benefits and traits:

1. Due to the fact that neutrosophic graphs manage uncertain information with three membership graphs, the primary goal

of our work is to define the idea of Clys in this setting.

2. Neutrosophic graphs are described with the aid of three forms of components: membership, indeterminacy membership,

and non-membership, whilst neutrosophic graphs are characterised by simplest one issue.

3. The authors have generalised the findings of Clys in neutrosophic graphs in their locating. For instance, if the second
feature is ignored, the outcome of Clys in neutrosophic graphs appears as a particular case of their results in neutrosophic

graphs.
4. In contrast, the investigation proves that neutrosophic graphs might have less facts compared with fuzzy and intutionistic

fuzzy graphs.

8 Conclusion

The authors have developed some Clys in the neutrosophic framework uncertainty and ambiguity based on three levels of

membership. Some important results of this study are:

1. The authors have developed results on Cly and proposed the neutrosophic graphs classification for Clys. Additionally,

examples are provided to help CI.
2. Also included is Cly for edge and vertex-delete neutrosophic graphs along with an example.
3. The neutrosophic graph’s average connectivity indices are defined.

4. Several connection node types are delivered, including NCER, NCRN, and neutrosophic neural nodes, as well as their

results.
5. Applications in a network of transport flows have been suggested.

6. Also included two type of real time applications discussed.
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Future Work: Future study by the authors will include image neutrosophic fuzzy planer graphs as well as complete neutrosophic
fuzzy graphs. The authors also wish to add a few more connection indices to neutrosophic graphs and discuss their possible
applications.
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