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Abstract. A modified version of a Neutrosophic Set (NS), a Complex Neutrosophic Set (CNS) offers a more
accurate description of ambiguous situations than established fuzzy sets (FSs). It is widely applied in uncertain
control. This study offers the idea of Single-Valued Complex Neutrophilic Graph Structure (SVCNGS). Further
research is done into the relationship between an 7; — edge regular SVCNGS degree and the 7;-degree of a
vertex. Also, we introduce the notions of totally n; — edge regular and regular n; — edge SVCNGS. There is
an explanation of the conditions in which n; — edge regular SVCNGS and totally s — edge regular SVCNGS
are same. Moreover, this study several 7n; — edge regular and totally n; — edge regular SVCNGS properties
using an example, and we have discussed their application in SVCNGS. Finally, we develop an algorithm that

explains the fundamental workings of our application.
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1. Introduction

The phrase FSs it initially used by L.A. Zadeh [48] in 1965 to describe a way to show
the ambiguity of FSs. The business sector is vital to our daily lives because it helps us see
ambiguities and identify them in most fields of science and medicine. T. Atanassov [4] sug-
gested that Intuitionistic FSs (IFSs) may be created by deriving a new component, degree of
membership and non-membership, based on the features of the FS. As a result, it can explain

more accurately and completely than a F'S. However, it can only handle partial and ambiguous
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information; it cannot manage the ambiguous and contradictory informationthat frequently
occurs in real-life situations. It can only handle partial and ambiguous information, not the
ambiguous and indeterminate information that often occurs in real-life situations. Therefore,
the terms NS, a unifying field in logics and a generalization of the IFSs are introduced by
F. Smarandache [ [27], [28], [29], [30], [31]] and is used in many different fields to deal with
ambiguous and contradictory data. If the total of these values in the NS is between 0 and
3, the terms of truth membership, indeterminacy membership, and false membership are all
done separately, and the indeterminacy value is directly quantified. Neutrosophy: Neutral
Probability, Neutral Set, and Neutral Logic Introduce the idea of NS, N probability, and
logic in more detail. Due to the broad range of description situations it covers, the NS has
quickly drawn the attention of many scholars. This new set also helps to manage the vague-
ness brought on by the N scope. Furthermore, a thorough evaluation of Xindong Peng and
Jingguo Dai [40] citation is provided. A bibliometric analysis of the neutrosophic collection is
presented, covering the period from 1998 to 2017. Ramot [I8] created the idea of a Complex
FS (CFS) in 2012 by changing the range of the membership function for the amount disc for
complex and real integers. A helpful generalisation of FS is the membership grade of this
concept, which is expressed as re?, where r stands for the amplitude term and 6 for the phase
term. Only values from the complex plane’s unit circle are permitted. The phase term of CFS
matters because it can handle cyclical problems or persistently troubling circumstances more
successful. Given that this term is a part of CFS, there will undoubtedly be circumstances
in which another dimension is required. In contrast to every other type of information that
is currently available, CFS is described in this phrase. A detailed investigation of CFS’s [43]
was performed by Yazdanbakhsh and Dick. Alkouri and Salleh [2] first introduced the ideas of
CIFSs in 2012. It is important to familiarize out with the novel forms, such as CIFSs, which
significantly expand upon CFSs; useful details regarding these kinds of structures can be dis-
covered in [ [19], [20]]. Recently, Prem Kumar Singh developed the equation of complex vague
set idea lattice and its features in his paper [16]. K. Ullah and T. Mahmood [39] presented the
concept of CPFSs in 2019 in addition to expanding the range of existing distance measures to
take into consideration CPF values. Mumtaz Ali and Florentin Smarandache developed the
concept of a CNS in 2016 [32]. A complex-valued NS is one whose real-valued amplitude terms
for truth, indeterminacy, and falsehood, along with the phase terms that go along with them,
are combined to form its complex-valued membership functions. The NS is expanded upon by
the CNS. Further, the establishment of Hypersoft Set Hybrids with CFS, CIFS, and CNS are
introduced in 2020 by Atige U. R., Muhammad.S, Florentin Smarandache, and Muhammad
R. A [6]. In 1975, Rosenfeld [2I] developed fuzzy graph theory. Examined the Fuzzy Graphs

(FG) for which Kauffmann created the fundamental concept in 1973. He explored a number of
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basic concepts in graph theory and developed some of their characteristics. In his remarks on
FGs, Bhattacharya [7] demonstrated that the conclusions drawn from (crisp) graph theory are
not necessarily applicable to FGs. In 1994, Shannon and Atanassov proposed the ideas of IF
relations and IFGs. Rashmanlou [I5] studied FGs with irregular interval values. Additionally,
they defined FGs [I7], various features of very irregular interval-valued FGs [17]. The Edge
Regular IFG was first proposed by M.G. Karunambigai and K. Palanivel [I0] in 2015. CFGs
were developed by Thirunavukarasu et al. [38] to manage ambiguous and uncertain relation-
ships with periodic nature. CIFGs were defined by Yaqoob et al. [44]. They looked into the
homomorphisms of CIFG and demonstrated a CIFG usage among cellular network supplier
companies to test their proposed approach. CNGs were introduced by Yaqoob and Akram to
expand the idea of NGs and CIFGs [45]. They addressed various fundamental CNG operations
and described them using specific instances. They also demonstrated CNGs’ energy. Anam
Lugman, Muhammad Akram, and Florentin Smarandache [I] further elaborate on the idea of
CN Hypergraphs: New Social Network Models in 2019. Two voting processes are the best in-
stances and source of inspiration for CNS and the example is provided in their introduction to
prove the applicability of their suggested model. The research papers Applications of graph’s
total degree with bipolar fuzzy information and Estimation of most effected cycles and busiest
network route based on complexity function of graph in fuzzy environment in 2022 by Soumi-
tra Poulik and Ganesh Ghorai [ [33], [34], [35]] is worth being referred to for more information.
Also, in 2021 proposed the idea of Determining the order of journeys based on a graph’s Wiener
absolute index using bipolar fuzzy information. Sampathkumar [23] introduced Graph Struc-
tures (GSs) in 2006 to be a generalization of signed graphs and graphs with colored or labeled
edges. The idea of a FGS was first presented by Dinesh [§], and also discussed some relevant
properties. Recently, the notions of Operations on IFGSs were introduced by Muhammad
Akram [ [12], [13], [14]]. Also, introduce the ideas of simplified Interval-Valued PFGs with
applications and a novel decision-making approach under CPF environments further. Later,

the idea of complex Pythagorean fuzzy planar graphs was created.

1.1. Framework of this research

This concept can be restated in an abstract form then applied in SVCNGS. The organization

of this work is as follows:

e This study introduces the idea of SVCNGS. In regular SVCNGS, the relationship
between vertex degree and edge degree is further investigated.

e We also define total n; — edge regular SVCNGS and 7n; — edge regular SVCNGS. It
is described under which conditions 1y — edge regular SVCNGS and total n; — edge
regular SVCNGS are comparable.

S.Angelin Kavitha Raj, S.N.Suber Bathusha, S. Satham Hussain, R. Jahir Hussain, Edge
Regular Complex Neutrosophic Graph Structure and it is Application




Neutrosophic Sets and Systems, Vol. 64, 2024 144

e Furthermore, Applications and algorithm explaining for SVCNGS were also covered.

Finally, an explanation of all these studies is provided in Conclusion and future works.

2. Preliminaries

The construction of the research studies will be aided by the discussion of some fundamental

definitions and properties in this section.

Definition 2.1. [32] An object with the form of a SVCNS @ on a non-void set X
Q = {j, To(i)e" e, Ig(j)e®eV), Fo(j)eeV) : j € X}

where ¢ = /-1, amplitude terms T (j), Ig(j), Fo(j) € [0, 1] and phase terms
aq (i), Ba(i),1q(j) € [0, 2m].

Definition 2.2. [39] Let x = {j,T(j)e iax(9) T L(j)e W (3) Fx(j)ewxu) 1 J € Xhn =
{4, T, ()e D) I, (5)e9) | F(5)e"mV) : j € X} be the two SVCNS in X, then

e x C nif and only if T\.(j) < Tp,(j), Iy(j) < I,(j) and F\(j) < F;(j) for amplitude
terms and o, (j) < ay(4), By(d) < Byp(j) and v, (j) < v,(j) for phase terms, for all
JjEeX;

e x = n if and only if T.(j) = T5,(j), Iy (j) = I,(j) and F\(j) = F;(j) for amplitude
terms and o, (j) = ay(4), By(j) = Bn(j) and v, (j) = v,(j) for phase terms, for all
JjeX;

For simplicity, the (j,T(j)e’*W), I(5)e’?0), F(5)e) : j € X) is called the SVCN Number
(SVCNN), where T'(5),1(5), F(j ) € [0,1] such that 0 < T'(j) + I(j) + F(j) < 3 and «, 3,7 €
[0, 27].

Definition 2.3. [I3] On a non-empty set X, a SVCNG is a pair G = (x,7n), where x and 7
are SVCNSs on X and a SVCN relation on X, respectively, such that:

Tn(T‘S)emn(m) < min{TX(T),TX(S)}eimin{aX(T)’aX(s)}

In(rs)eiﬂn(rs) < maX{IX(T),IX(s)}eimaX{Bx(”vﬁx(S)}

Fy(rs)e ™) < max{Fy(r), Fy(s)}e' ™)}
0 < T, (rs) + I)(rs) + Fy(rs) < 3 for all r,s € X. We call x and 1 the SVCN vertex set and
the SVCN edge set of G, respectively.

3. Some Result on SVCNGS

The concept of SVCNGS is introduced in this section, along with definitions that are useful
in understanding the main findings. With examples, we further analyse several SVCNGS
characteristics.
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Definition 3.1. Let 7 = (v,m1,m2,...,nk) is referred to as an SVCNGS of GS 7% =

(M, Wy, W, ..., W) if v = {r,v1(r)e! ) yo(r)e'2(") y5(r)e’3(M} is an SVCN set on @ and

ny = {rs,n1y(rs)ePr7s) ny;(rs)etP27(8) ns;(rs)ets7(7s)} are SVCN sets on M and Wy such
that

Ma(r,5)e P09 < mingy (r), i (s) et e,

NoJ (7“, S)eiﬁw(TS)

IN

max{72(r), 1a(s) pe! M),

N3 (r,5)e” %) < max{ya(r), ya(s) per mextes s ()}

such that 0 < ny5(r,s) + n2s(r,s) + n3s(r,s) < 3 and B1(rs), Pos(rs), Bss(rs) € [0,2n] for
all (r,s) € Ry,J =1,2,... k.

Example 3.2. An SVCNGS 7 = (vy,m1,m2) of a GS 7% = (M, W, Wy) given figure{ll is a
SVCNGS 7 = (7y,m1,712) such that v = {u(.4e?67, .6ei-27 3eil4m),

UQ(.5€i1'07T, .6€i'87r, ‘487L1.67r)’ U3(.5€i'8ﬂ, .4ei1.07r’ .66i1'47r), U4(.3€i'67r, ‘5€7L1.87r’ .4ei1.67r)}.

Uy 771(_4611.071" .66“‘271—, .4ei1.67r) U

1.6
772(3 1671" 6611 87r, et Tl')
EA
n ( 6108717 6611 O7r’ 667'1 671')

U4 771('361'.6%7 .56i1‘8ﬂ, .6611'671—) us

FIGURE 1. 7 = (y,m1,12) is SVCNGS of 7*
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Definition 3.3. Let 7 = (v,m1,7m2, ..., k) be an SVCNGS of GS 7% = {M, Wy, W, ..., Wi }.

Then the vertex ny — degree is defined as

s (f) - <dm‘] (f)’ dipa; (f)’ d7I3J(f))7

dnlJ(f) = T]lJ(f7 /U)eiz(f,v)ERJ BlJ(f,’l))7
(fyU)EWJ

d?72] (f) = Z 772J(f, U)eiZ(f,v)eRJ BZJ(f,v)’
(f)EW,

dyy, (f) = Z " (f,v)eiZ(f,v)ewJ ﬂsJ(f,v)’
(fﬂ) EWJ

vJ=1,2,..,k.

Definition 3.4. A SVCNGS 7 = (v,m1,m2, ..., k) is 0y — strong if

771(](747 S)eiﬁu(rs) _ min{’yl(r), - (8)}€i min{al(r),oq(s)}’
1s(r,8)e P09 = max{s(r), na(s) e mx{az()ax)
nag(r,s)e3108) = max{ys(r), y3(s) et malas s} for all (r,5) € Wy, J =1,2, ..., k.

Example 3.5. Let 7 = (v, 11,72, ...,Mx) be an SVCNGS. Next, for every J = 1,2, the degree

of a ny — strong vertex is shown in figure{ll The 1, — strong degree of vertex wu;, i=1,2,3,4 is

dp(u1) = (dyyy (ur), digy (ur), dyg, (w1))
dp (ur) = (4e™07 6127 40T,
dyy (ug) = (.7et07 1,207 8eid-2m),
dyy (uz) = (.3e"07, 5e187T 6el-0m)
dy, (ug) = (.6€127, 117 1.0e"27)

The 19 — strong degree of vertex u;, i=1,2,3,4 is

7712(u1) ?722(u1) 132 ul))

1.6 6611 87 4611 .61

’

ez .8 6611 .Om 6611 61

)

iy (1) (d (
dhyy (u1) (:3e )
dyy(ug) = (.5e™87, 6107 6e'-0m)
iy, (u3) (:5 )
dyy (ua) (:3 )

62 .61 6611 8 4611 61

Theorem 3.6. Let 7 = (v,n1,12,...,n%) be an SVCNGS of GS 7 = {M, Wy, Wa, ..., Wi}.
n 72 ) Uj,U

Then Zi:l dTIJ (ul) = (2 E(ui,v)EWJ 7’]1{](’11/7;, U)e Z(uz,v)GWJ Pt )7 2 Z(ui7U)EWJ 772(](@6@,1))

2 2w mew; ﬂ”(“"’”), 23 (s yew, M3 (Ui, v)e’2 2(u0)eW s ﬂSJ("“U)) is ng — strong SVCNGS for

all J =1,2,..., k.
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Example 3.7. Next, we demonstrate the above theorem’s example - Let us Consider a
SVCNGS 7 = (y,m1,72) as shown in figure{ll Then Z?:l dy, (u;) =

(2 Z(Ui,U)EWJ (Ui, U)?ZQE(%’U)GWJ *BU(U“U), 2 Z(Ui,v)EW.z n2J (ui, v)eﬂ Lupwewy BQJ(Ui,U)a

2> (s )ew, nsy(ui, v)e” 2y )W,y BSJ(W’”)) is ny — strong SVCNGS for all J =1, 2.

Twice the degree of sum of 171 — edges in T is

2 Z i (ug, v)e’? Zmews SO0 =9 (uy, us) 4 1 (us, wa) + i (us, ua))
(ug,0)EWT
eiz(ﬁn(U17u2)+511(U2,U4)+511(U37u4))

= 2(A4+ .3+ .3)¢i2(10m+ 6m+.6m)

_ 9 gitdn
203 ma(ugyv)eEenem PO — o) (ur ug) + a1 (g, ua) + 121 (ug, ua))
(uivv)ewl

i2(B21 (u1,u2)+B21 (u2,ua) +B21 (us,ua))

= 2(.6+ .6+ .5)¢2(1:2m 18w +1.8m)

= 3.4¢"67
2 > si(ug, v)e Zwewt B0 — (g (g ug) + 3 (un, ua) + 031 (us, ua))
(unv)er

ei2(631 (u1,u2)+PB31 (u2,us)+031 (us,u4))

= 2(4+ 4+ .6)e2(16mHLOmH16m)

— 9.8¢1967

Degree of 71 — strong vertices in SVCNGS is given by Example{3.5]

4 4 4 4
Zdnl (wi) = (Z de(ui)a Zdnw (ui), ZdﬁsJ (i)
=1 =1 =1 i=1
— (2.067;4.471' 3'4€i9.67T 2.8€i9'6ﬂ)
4 .
de (uz) = (2 Z nll(ui,v)elz z(“iv”)ewl ﬁ11(u¢,v)72 Z ngl(ui,v)
=1 (ui,v)EW] (ui,v)EWL
62'22(%7”)6"‘/1 ’821(ui’v)7 2 Z A31 (UZ', U)eiz Z(uivv)€W1 531(ui’v))
(uiv)EWL
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Similarly, we calculate

4
Z dp, (u;) = (2 Z moa(us, U)el2 2 (ug v)EWs 512(%‘,0)’ 9 Z N2 (ui, V)
i=1 (ui,v)EW2 (ui,v)EW
ei2 Z(ui,v)EWQ B22 (Ui,v)7 9 Z 32 (Ui, 'U)eiQ E(ui,v)EWQ 532(11,1',1)))
(ui,v)GWQ

— (1‘6612.871' 2‘4ei5.67r 2.06i6'47r)

Definition 3.8. Let 7 = (v, m1, 712, ..., k) be an SVCNGS of GS 7% = {M, W1, Ws, ..., Wi }. If
dy; (u;) = (a,b,c) for all u; € Q, then for every vertex with a degree of 717 — degree, there
is an equal degree of a; similarly, for every vertex with a degree of 155 — degree, there is an
equal degree of b; and for every vertex with a degree of 135 — degree, there is an equal degree

of c. For all J =1,2,...,k, 7 is then considered to be n; regular SVCNGS.

Definition 3.9. Let 7 = (v,n1,m2,...,M%) be an SVCNGS of GS 7 = {M, Wy, Wy, ..., W }.

The total degree of 17; vertex is defined as

tdﬂJ(f) - (tdﬂu(f)’ td772J (f)? tdn&] (f))

oy, (f) = (D mulfov)+m(f))e Ewoew, Slhorald,

(fv)eW,

td, () = (D mas(fiv) +a(f)el Zrmew Rrtferrast,
(fv)eWy

tdn,, (f) = ( Z 157 (f,0) + 73(f))e’ Zrmew, Faa(f)tas(f)
(fv)EW,

The total degree of every vertex in 7;; has the same degree. n; and the total degree of each
vertex in 1o has the same degree. no, and the total degree of each vertex in 737 has the same

degree ng. For all J =1,2,....k, 7 is then considered to be totally n; regular SVCNGS.

4. Edge Regular in SVCNGS

This section introduces the idea of 1y — edge regular SVCNGS. Moreover, some properties

of the 1y — edge regular SVCNGS are explained with examples.

Definition 4.1. Let 7 = (v, m,72,...,mx) be an SVCNGS of GS 7% = {M, Wy, Wa, ..., W} }
and let e;; € W; be an edge in 7. Then the degree of an n; — edge e;; € W is defined as

d"l] (eij) - (de (eij)’ d772] (eij)’ d773] (eij))
S.Angelin Kavitha Raj, S.N.Suber Bathusha, S. Satham Hussain, R. Jahir Hussain, Edge
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d771J (eij) = d771J (u%) + d771,1 (UJ) - 2771J(ui7 uj)eﬁﬂl‘](u“uj) (OT)
dy,,(ei) = O mulus,we) + > muy(ur,uy))
I rs

et 2o By (wisur)+3 s i (uk,uj)

d772J (eij) = (d772J (ul) + dan (u]) - 2772J(ui7 uj)ei2ﬁ2J(Ui7uj) (07’)
dyoylei) = > mos(us,ug) + > 1 (uk, uy))
[r gs

et 2o B2 (wisur)+3 s B2 (uk,uj)

dysy(€is) = (dug, (i) + dyg, (1) — 2037 (5, uy)e>H7 0449 (or)
dy,,(€i5) = (Z 3. (wi, uk) + ZWBJ(Ukan»
eiezzr o ot o o) 7
VO = (ui,ugp) € Wy, k # 5,05 = (up,uj) € Wy, k #dand J = 1,2, ..., k.

Notation: An 7; — edge of an SVCNGS is denoted by e;; € W or wu; € Wj.
Note:

dys(eis) = > mulwnuw)+ Y mg(ugur) = 2010 (ui ug))

(uisus ) EW, (uj,up)EW;

eiz(“'i,“'j)ewj Buy (iu5)+ gy ew 51J(uj,uk)*25u(u¢,u]‘)’ 1=1,2,3.and J = 1,2, ..., k.

Definition 4.2. Let 7 = (v,m1, 72, ...,mx) be an SVCNGS of GS 7% = {M, Wy, W, ..., Wi }.
The minimum 7; — edge degree of 7 is §,,(G) = (dy,,(G), dp,, (G), Oy, (G)), where

)y YN2g » YN3J
ms(G) = Ady,,(eij)/eij € Wy}
d = Mdy,,(eij)/eij € Wy}
(G) = /\{dnw(ei]’)/ei]’ eWyh VJ=12 k.

3
N}
<
—~
@Q
~—

Oy

3

<

The maximum 7; — edge degree of 7 is A, (G) = (Ay,,(G), Ay, (G), Ay, (G)), where

=2 ) =N3g
Ap,(G) = V{dy,,(eij)/eij € Wi}
Ap,, (G) = V{dy,,(eij)/eij € Wi}
A (G) = \/{dnw(eij)/eij eWyt, VJ=1,2, ..k

n3J

Definition 4.3. Let 7 = (v, 71,72, ...,n,) be an SVCNGS of GS G* = {M, Wy, Wy, ..., Wi}
and let e;; € W; be an edge in 7. Then the total degree of an 1y —edge e;; € Wy is defined as

td’?] (eZ]) = (tde (eij)7 tdnw (6@'), tdﬂsJ (eij))v
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tdy, (€)= Y ma(usue) + Y nrg(ue, ug) +musles;)
o =

et 2o B (uiur)+3 s ﬁlJ(ukauj)"’BlJ(eij)’

tdy,,(ei) = Y mas(ui,ur) + > m2s(uk, ug) + 12, (eij)
o Iz

et Soor Bag(uiug)+ s 62J(7lkvuj)+52j(eij)’

tdy,, (eij) = Z"BJ(Uiy ug) + Z 3. (g, uj) + n3.7(€ij)
er e

el Soor B (ui up)+Y s 531(“167“]')4'133‘](61']')’
VO = (ui,up) € Wy, k # j,0° = (ug,uy) € Wy, k#dand J =1,2,..., k.

Definition 4.4. Let 7 = (v, 11,72, ..., k) be an SVCNGS of GS 7* = {M, W1, W, ..., Wi }. If
dy,(eij) = (p,q,r) for all e;; € W for each edge of 11, has the same degree p and for each
edge of 727 has the same degree ¢ and for each edge of 135 has the same degree r. Then 7 is
said to be n; — edge regular SVCNGS for all J =1,2,..., k.

Example 4.5. Consider an SVCNGS

tau = (vy,m1,m2) of GS 7% = (M, W7, Ws) given Figure{2 is 75 — edge regular SVCNGS such
that v = {uy(.4e"5™, .34 5et6T)

ug (.45 4eP5T 607, uz (5t . 3et T 5et6™)  uy(4etOT, 4607 6e76™)}. The degree of

uy m (4et5T | 4et5T ) 6et0m) U
g\

— S

g =
S )
o ©
© S

- &

5 5

SQ.) NS
< =
& <.

1% &

2 £
< R,
= <
& o
=
&

Uy 772(.461'571—, '462.57r, .661'67T) us

FIGURE 2. 7 = (v,n1,n2) is regular SVCNGS of 7*
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an 11 — edge.
dp(e12) = (dpy,(€12), diyy (€12), digy (€12))
dpy(e12) = diyy (wr) + di,y (u2) — 2011 (un, ug) P11 1:42) (o)
dpy(e12) = ( Z 7711(U27U4))€i2(1‘27“4)6""17“4#4 B (uz,us)

(u2,uqa)EW,us#us

— (4 1+ 8- 2(_4))6i(.57r+1.07r—2(.57r))

—  4eiD

dyoi(€12) = dyy, (1) + dipyy (u2) — 2721 (w1, uz)eiZﬁgl(ul,uz)
= (A4+.8—2(0.4))e!FmH10m=2(5m)
= 4e'

dygi (€12) = diygy (un) + digg, (ua) — 231 (un, up) &1 (41:42)

= (.64 1.2 —2(.6))e (6 HL2m=2(6m)

— el

dnl (612) = (,4€i'57r7 .467;-571', 66267'()

Similarly, we calculate

dp, (€12) = diy, (e23) = dyy, (€34) = dyp, (e14) = (.4e™57, 4eP5™ 6e0T)
The degree of an 12 — edge.

dn,(e12) = dp, (e23) = dp, (e34) = dp, (e14) = (.4e™5™, 4e™5™ 6e5T)

In the above exampledddl is n; — edge regular SVCNGS for all J =1, 2.

Definition 4.6. Let 7 = (v,m1,7m2,...,mx) be an SVCNGS of GS 7" = {M, Wy, W, ..., Wi }.
If td,, (eij) = (x,y,2) for all e;; € Wy for each edge of 11y has the same total degree = and
for each edge of 197 has the same total degree y and for each edge of 7737 has the same total
degree z. Then 7 is said to be totally n; — edge regular SVCNGS for all J =1,2,.... k.

Example 4.7. Consider an SVCNGS 7 = (v,n1,12) of GS 7% = (M, W1, W) is given Figure{2
in exampled.H] is totally 1; — edge regular SVCNGS for all J = 1,2. The total degree of an
m — edge is

tdy, (e12) = tdy, (e23) = tdp, (e34) = tdyy, (e14) = (.8e1-07 8107 1.2¢1-2T)

The total degree of an 1 — edge is

tdp,(e12) = tdy, (e23) = tdy, (e34) = tdy,(e14) = (.8e™07, 8eil-0m 1.2¢i1-2T)

Hence, 7 is totally n; — edge regular SVCNGS for all J =1, 2.
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Theorem 4.8. Let 7 = (v, m1,M2, ..., k) be an SVCNGS of GS 7% = {M, W1, Wy, ..., Wi} and
T is a cycle. Then Y7 dy, (u;) = > i dn,(eij) for all J =1,2,....k and j =i+ 1.

Proof. Given that 7 = (v,n1, 712, ...,m%) be an SVCNGS of GS 7* = {M, W, Wy, ..., Wi} and

7" is a cycle ujusus...u,. Then

Z dy, (eij) = (Z dup, s (€ij); Z Ay, (€ij), Z s 5 (eij))
=1 =1

i=1 =1
VJ=1,2,..,kand j =1+ 1.

Consider
2 i1y (€ij)
= dy,,(e12) +dy,,(€23) + ... +dp, ,(en1), Where u,i1 = uy
= dyy, (w1) + doy y (w2) = 2715 (ur, ug)e®M70042) 4 dy(ug) + dy 5 ()
—2m17 (ug, uz)e?Prrw2us) 4 () 4 dyy (1) — 2007 (U, ug )€ 2P (nun)
= 2dy,,(u1) + 2dy, , (u2) + ... + 2d,, , (up)

—2(n1y(us, u2)€i251J(u1,U2) + g (us, ug)eﬂﬁu(uz,%) + oo 4 11y (un, ul)eﬂﬂu(un,m))

n
= 9 Z de(ui) -9 Z??u(uz', ui+1)ei22?=1 Br(uiuit1)

u; €M =1
n

= Z dhyy (i) + Z 5 (ui) — QZWU(W,Ui+1)6222i215“(u“ui+1)

u; €M u; €M =1

n . n .

= >y, (W) + 2 mug (s, wg) e B Aol — 9N Ty (g, e iz A (i)

u; €M =1 i=1
= Z )

u, €M

Similarly, we derive the equation
Z?:l dny, (€i5) = ZuieM dn,, (us),

Z?:l d773] (eij) - EuieM d773J (UZ)
Hence, Y 7 dy, (ui) = Y iy dp,(e55) for all J=1,2,.. kand j =i+ 1. g

Theorem 4.9. Let 7 = (7,171,702, ...,nx) be an SVCNGS on a crisp graph ™ of GS 7 =
{M, W1, Wy, ...,.Wi}. Then ZeijeWJ dy, (eij) = (ZeijeWJ d;J(eij)nlj(Uin)eiﬁlJ(uiuj)7
ZeijeWJ dy, (eij)Uzj(uiuj)eiﬂ”(“i“j),ZeijewJ d;"n(eij)ngj(uiuj)eiﬁwmmﬁ)) where dy, (eij)
dy,(ui) +dy (uj) =2 for all e;; € Wy and J =1,2,..., k.

Proof. Let 7 = (v,m1,72,...,m%) be an SVCNGS on a crisp graph 7° of GS 7* =
{M7 Wi, Wa, ..., Wk} We know that d"]] (eij) - (dn1J(eij>vd7}2J (eij)vdnsJ (61J))
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Therefore, in ) ei €Wy Iniy (ei5), every m17e¥17 — edge contributes it’s truth membership values
exactly number of 7, 7e’®17 — edges adjacent to that 7, 7€"%17 — edge times.

Thus, in Zeijew.l dyy, (i), each nyy(uzu;)etrs(Wits) appears dy, ,(€ij) times.

iB1(uiu,
Hence, g dy, ;(eif) g dnu (€ij)m(uiuj)e (wiug)
GZJGWJ GZJGWJ

Similarly, we solve the equation

Z d"]QJ (61]) = Z d;kIZJ (eij)UZJ (Uiuj')eiﬁz‘l(uiuj)

eijGWJ eijGWJ
Z dns, (€ij) = Z d;;w (6ij)773J(uiuj)eiﬁ&l(ui“j)
eijeWJ eijEWJ

Hence, Y2, ey, dn, (€is) = (Xe, ew, i, (eig)m (uiug)e'P1o (i),
Do ey A, (eig) g (upug) P20 i) 57 s di (eqg ) (ugug)etsr () o

Theorem 4.10. Let 7 = (y,m1,m2,...,0%) be an SVCNGS on a ny regular crisp graph 7°
Of GS ™ = {M> W17W2a"'7Wk}' Then ZEijEWJ dﬁJ(eij) = ((k - 1) ZuieMdﬁlJ(ui)a(k -
1) > vient oy (ui), (B = 1) 32 ey disy (i)

Proof. By Theorem44.9,

Z dy,(€i5) = Z d (eig)mu (uiug), Z d S (eig)nag (wiug),

eijEWJ 67,]€WJ eleWJ

> dy (eig)mag (uiny)

eijGWJ

= ( Z (df (ug) + ) (ug) — 2)mg (g, uy)ePrr i)

ui,ujGWJ

oy, (wi) + dy () = 2)ma (g, ug)etP27 (i),

ui,u; €EWy

Yo (dy, (i) + iy, (ug) = 2)35 (ui, ug)etPor o))

ui,u; EWy
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Since, 7% is a 1y regular crisp graph of GS, d;‘;J(ui) =k for all u; € M.
o dysley) = ((k+k=2) > Ay (g, ug)e! mivgey ML)
ei; €Wy wiu; €W
(k+k—2) Z 2. (i, uj)ei s u €W, ”QJ(“%“J')’
i, u; €Wy
(ktk=2) > mslu, uj)e’ iy ey oI i)y
ui,UjEWJ
= (2(k-1) Z (i, uj)eizui’“jew.] "U(“i’“j)’
Ui,ujeWJ
2(k—1) Z UQJ(Ui,Uj)Bi s s €W, ’721(”1‘7“1')7
i u; €Wy
26=1) >, 3. (i, uz)e’ i w37 (i)
ui,u; EWy
= ((k=1) Z iy 5 (ui), (k= 1) Z (i),
u; €M w; EM
(k—1) Z Ay, (i)
U €Q

Theorem 4.11. Let 7 = (v, 11,72, ...,n%) be an SVCNGS on a crisp graph 7° of GS 7* =
{Q.Ri, R, R}, Then Yo, ey, tdn,(eis) = (o, ew, dy, (e (uiug)ePotims)
Dy W, nlJ(“iuj)eiZ“iquW" Protuie), Deiewy & (eij)nag (uiuy ) P2 (vivs) 4
Sy, Mo (uiug)e’ = s RIS (e (i )e 0 () 4

EUiquRJ ngj(Uin)ei Zuiuj EWy BSJ(Uiuj))

Proof. By Definitionf43) of total degree of 1y — edge of G.

td??J (el]) - (tde (eij )7 td’?QJ (eij)’ td??&] (eij))
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Z tdy,(e:j) = ( Z tdy, , (€ij), Z tdy,, (€ij), Z tdn,, (eij))

ei; EW uu; €Wy uju; EWy wiu €Wy
= Z (dny, (€i5) + nlj(uiuj)elﬂl](ui“j))’
eijEWJ
Z (dﬁzJ (eij) + nzj(uiuj)eiﬁw(“i“j)),
eijEWJ
Z (dﬁgJ (eij) + 773J(uiuj)ew3](“i“j)))
eijEWJ
- ( Z dﬁu(eij) + Z nlj(uiu]‘)ez ZuiujGWJ f31J(uiug')7
eijGWJ uiujGWJ
Z dyy,., (€i5) + Z 772J(uiuj)62 2uujew,y /52J(U¢u]~)’
eijeW‘I uiu]‘EWJ
DI B iU
Z d773J (elj) + Z 773J(Uiuj)€zz iU EW 57 (u uj))
ei; €W wiu €W,

By Theorem{4.9, we get

Z tdy, (eij) = (Z d;;‘](eij)nlJ(uiuj)eiBIJ(Uiuj)+ Z nlj(uiuj)elzuiujewjBl](uiuj),

cig €W €ij €W uu; EWy
. ity Zzuu w BQJ(uiu')
5 )P 5 e B ),
8ij€WJ uinGWJ
5 ) - g S )
ei; €Wy wi €W,
|

Theorem 4.12. Let 7 = (7y,m, 72, ..., Nk) be an SVCNGS of GS 7 = {M, Wy, Wy, ..., W }. If
and only if the subsequent statements are equivalent, then 1y is a constant functional.

(i) T is an ny — edge reqular SVCNGS.

(ii) T is a totally ny — edge regular SVCNGS.

Proof. Let us assume that ny is a function that is constant. Then nlj(uiuj)eiﬁlJ(“i”j) = cq,
ngJ(uiuj)erJ(“i“j) = ¢9 and ngJ(uiuj)eiBSJ(“i“j) = c3 for every u;u; € Wy, where ¢, c2, c3 are
constants. (1)

Assume that 7 is 17 — edge regular SVCNGS. Then d,), (e;;) = (p,q,7) for all e;; € W;. (2)

Consider
tdy,(ei) = (dyy,(eij) + nuy(usug)etPro @),
iy, (€if) + oy (ugug)etP2r (i)
dng, (€if) + 37 (uguj)etPsr (i)

= (p+ci,q+ 2,7+ c3) for all uju; € Wy by (1) and (2)
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which implies 7 is totally n; — edge regular SVCNGS.
Therefore, (i) = (ii).
Let 7 be totally n; — edge regular SVCNGS. Then td,,(e;;) = (z,y, 2) for all e;; € W.
tdy,(eif) = (dny,(eij) +mg(wing) €70 dy, (eqs) + iy (wgug) e P27 i),
s (€37) + m3 (wing )7 (4vs)),

Now,

dny (i) = (dny;(€ij), dny;(€ij), dng, (if))
= (& — nrg ()7 )y — gy (ugug) P27 ) 2 — g g (ujug)ePor (i)
= (x—c1,y—co,z—c3) by(1)
Hence, 7 is ny — edge regular SVCNGS.
Thus, (i7) = (i).
Conversely, suppose that (i) and (ii) are equivalent.
As a resultt is ny —edge regular SVCNGS if and only if 7 is totally 1y —edge regular SVCNGS.
We have to prove that 1 is a constant function.
Let us assume that 7 is not a constant function. (3)
Then
i (wiy ug) @7 t) = gy g (g ) e rts) g g (ug, wg)eiP20 W) = N g (uy, ug)etr2s (trns)
and Ag](Ui,Uj)6i63J(ui’uj) = ngJ(uT,us)emJ(“““S) for at least one pair of u;u;,u,us € Rj.

Let 7 is ny — edge regular SVCNGS. Then d,, (e;;) = dy, (ers) = (p,q,7) (4)
= tdy, (i) = (dyy,(eig) +mg(uiyug)e™7 0 [ dy, (egg) + 2 (uiy ug)elP2 (o),
dys s (€if) + mz e ius))
= (p+ms(us, uj)elﬂu(ui,uj)7 q -+ 2 (s, uj)eiBQJ(ui7uj)’

7 3. (uiy )P W)Y ;€ Wy

and
tdy,(ers) = (dnyy(ers) + muy(upug)e?™ ) dy, (o) + g (urug)etPo ),
s, (€rs) + M3 (g )ePs7 (e
= (p 4 ny(upug) P [g oy 5 (upag)etP2r (urtes)
74 3. (upg ) €8 W)y g gy € Wy
Since,

g (i )P 0ets) gy g (g g )P Cntts) gy (ug, )02 (i) 2y g (uy ) et (ures)
and 137 (u;, wj)etP87 (Wit oL o 5 (u,, ug)etPss (urus)
= tdy, (eij) # tdy, (€rs)
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= Not all of 7 is a totally nn; — edge regular SVCNGS
= it is a contradiction.

Hence, 7y is a constant function.

Theorem 4.13. Let 7 = (v,n1,m2, ..., Nk) be an SVCNGS is both n; — edge regular and totally
ny — edge regular of GS 7" = { M, W1, Wa, ..., Wi.}. Then ny is a constant function.

Proof. The result is trivial according to Theorem44.12
Note: The above theorem{4.12 does not hold in its converse.

Theorem 4.14. Let ny be constant functions in an SVCNGS 7 = (v,m,n2,...,m) of GS
7 = {M, W1, Wa,...,Wi} and if T is ny reqular, Then totally n; — edge regular.

Proof. Let 7 = (v,m1,m2,...,Mx) be a ny regular SVCNGS. Then d,,(u;) = (a,b,c) for all
u; € M. Given that n; are constants. That is, 77 (u;, uj) = (c1, c2, c3) for all u;u; € Wy where
c1, C2,C3 are constant

We have to prove that 7 is totally 1y — edge regular SVCNGS.

By Definitiond4.3] of totally n; — edge degree, we have

td??J (el]) = (tde (€ij )7 td??w (eij)’ td??:u (&'j))
where
tdﬂu (eij) = dnlj(ui) + de(uj) - nlJ(uiv uj)eiﬁu(uz',uj')’ v LAGRS Wy
= a+a—cy, Yuuj € Wy (. 7is regular)
= 2a+ c1 = constant, V u;u; € W.
Similarly, we solve the equation
td??w (eij) = dnzj (ul) + dan (u]) - 772J(ui7 uj)eww(ui,%)’ v uiuj € Wy
= b+b—cy, Vuu; € Wy (. 7 is regular)

= 2b+ ca = constant, YV uju; € Wj.

tdﬂgj (eij) - dT]3J (u%) —+ d”]SJ (u]) - 773J(ui>uj>ei/83J(Ui7Uj)’ v Uit € Wy
= c+c—c3, Yuuj € Wy (. 7is regular)

= 2c+ cy = constant, V wu; € Wj.

(ie) tdy,(eij) = (2a + c1,2b + c2,2¢ + c3)
= 7 is a totally n; — edge regular SVCNGS.
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Theorem 4.15. Let 7 = (v,m1,72, ..., 0x) be an SVCNGS on a regular crisp graph 7 of GS
7 ={Q, R1, Ra, ..., Ri}. Thenny is a constant if and only if T is both n; regular and n;—edge
regular SVCNGS.

Proof. Let 7 = (v,m,m2,...,nx) be an SVCNGS on a regular crisp GS 7* =
(M, W1, Wa, ..., Wi}
Assume that 7 are constant functions, that is 7;(u;, u;) = (c1, c2, ¢3) for all uyu; € Wy where
c1, C2, c3 are constant
To prove: 7 is both 7 regular and totally n; — edge regular SVCNGS. By Definitiond3.4] of

1y — degree of a vertex,

dp,(ui) = (dy, (W), dpy, (1), dyg, (ui))

iz(ui,vj)EWJ By (ui,v;)

= ( n(ui, vj)e cY meg(ugv))e

(uiv;)EWS (ui,v;)EWy
Z ngJ(uivvj)eiZm,vj)ewJ 53](“1’:%’))7 Vo €M
(us,v5)EW

= ( c1, Z c2, Z c3)

(ui,vj)EWJ (ui,vj)EWJ (Ui,Uj)EWJ

= ($017y02, 203)

Hence, 7 is 1y regular SVCNGS.

Now,

td77J (eij) = (tde (eij) ) td??zJ (eij)7 thYSJ (eij))7 where

i ) i B (ui,u
tdy, ,(€i5) = Z ma(uq, ug)e Doy Wyt 1 hiik)
uup €W g,k#£j

i 1 i u 7u. ; . .
E 1 (g, uj)e Dugugew s i Pra (Uk,5) + g (u, uj)ezﬂu(uz,uj)
UkUjEWJ,k;éi

= Z c1+ Z c1+c

wijup €W s, k#j upu; €Wy ki
= cle—1)+cle—1)+c, YVuuj € Wy

= c1(2z —1), Y uuj € Wy.
Similarly, we solve the equation
tdy,, (eij) = 2y —1), Y uu; € Wy
tdy,,(eij) = c3(22—1), Y uu; € Wy
Hence, 7 is also totally n; regular SVCNGS.
Conversely, assume that 7 is both n; regular and n; — edge regular SVCNGS.

To prove: 77 is a constant function.
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Since, 7 is n; regular, dp, (u;) = (a,b,c), ¥ u; € M.
Also, 7 is totally 1y — edge regular.

Then td,,(e;j) = (x,y,2,), V uu; € Wy.

By Definitiond4.3] of totally 1; — edge degree,

td??J (eij) = (tde (eij)’ td772.] (eij)v tdﬁ:sJ (eij))a where
td??J (eij) = de(ui) + d’?u(“j) - nlJ(uiv uj)ele(Ui7uj)7 v Uiy < W
r = a+a—nlJ(ui,uj)ei’BU(“““j), Vuiuj c WJ
(i, ug)e? ) = 2a — @, ¥ uguy € W

Similarly, we solve the equation

ny(ui,uj)ew”(“““j) = 2b—y, Yuu; € Wy.

773J(Ui,uj‘)€i’33‘](ui’uj) = 2c—2z, Yuu; € Wy.

Hence, n; is a constant function.

Theorem 4.16. Let 7 = (v, 11,72, ...,n%) be an SVCNGS on a crisp graph 7° of GS 7 =
{M, W1, Wy, ... Wi}. If ns is constant functions, then 7 is an ny — edge reqular SVCNGS if

and only if 5 is an n; — edge reqular.

Proof. Given that 7, is constant functions. That is, 1 (u;, uj)e?® (1) = (c1, ¢, c3) for all
u;u; € Wy where c1, c2, c3 are constants.
Assume that 7 is an 75 — edge regular.

9is an 1y — edge regular.

To Prove: 7
Suppose that 77 is not an 1; — edge regular. Then dy, (eij) # dp,(ers) for at least one pair of
€ij, ers € Wy.

By Definitiondd.1] of an 775 — edge degree of an SVCNGS,

d’?J (eij) - (dnu(eij)v dan (eij)v d”]SJ (eij))7
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where

2.

uup €W g,k#j

2.

upu; EW s k#i

2

uu €W g,k#j

dny , (€ij)

c1+

N1y (wi, ug

1 (g, uy)e’

)ei 2 ujup e W g kg P17 (Ui uk) +

) Zuku]-EWJ,k;&i Bl](ukvuj)

2.

C1

uku]-GWJ,kyéi

= al(dy, (u) = 1)+ al(dy, (u;) — 1),
= aldy, (w)+dy,  (uj) —2)
= aldy, (ei))
Similarly, we solve the equation
dyyy(€ij) = caldy, (ei5))
ds, (€i5) cs(dy, (eij))
oy, (€45) (c1(dy, (€if)), c2(dy, (eiz)), es(dy , (€if))),
dn, (€jk) (c1(dy, (ejk)), caldy, (ejk)), cs(dy (k)

Since, dy (eij) # dy,

assumption is contradicted by this.

S

Hence, 77 is an 7y — edge regular.

(ejk) = dy,(eij) # dp,(ejx). Thus, 7 is not an 7y — edge regular. Our

Conversely, assume that 7 are constant functions and 7° is an 1 — edge regular.

To prove that: 7 is an 1y — edge regular SVCNGS.

Suppose that 7 is not an 7,; — edge regular SVCNGS. Then d,), (e;j) # dy, (ers) for at least one

pair of w;uj;, u,us € Ry

(dny ;s (€35) dnyy (€i5), dugg s (€35)) F (dipy s (€rs)s diy s (Ers), dng, (€rs))

Now,

dTilJ (eij) #

Z )eizuiukewj,k;,gj B (usuk) +

ujur €W g, k#j

2.

urur €Wy t#s

N1y (ws, ug

M (ur, ug)e’

ZurutEWJ,t#s nlj(ur,Ut) +

dnu<67’8)v

Z )ei ZukquWJ,k#i Br (uk,uj) £

upu; EW g ki

2.

urus EWy t#r

Ny (ug, uj

11 (g, g )€’ Surusew ez 1o ()
)
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ci(dyy, (wi) = 1) + er(dy,, (uj) = 1) # caldy,, (ur) = 1) + er(dy,, (us) — 1),
c1(dny, (ui) + dny, (uj) = 2) # caldy, (ur) + dyy, (us) —2),
cidy, ,(€i5) # cidy,,(ers)
dn,, (i) #  dny,(ers).

Similarly, we solve the equation.

Ay (€ij) #  dny,(ers),
dnsJ(eij) # d%](ers)

g (de (eij)v d772J (eij)’ d773] (eij)> # (dnu (67’8)7 d”]2J (67’8)’ d773J (67"8)>

S

Our assumption is contradicted by this. 77 is an n; — edge regular.

Hence, 7 is an 1y — edge regular SVCNGS.

Theorem 4.17. Let 7 = (v,m1,M2,..,Mk) be a ny regular SVCNGS of GS 7 =
{M, W1, Wy, ..., Wi}. Then 7 is an n; — edge regular SVCNGS if and only if ny is constant

functions.

Proof. Let

tau = (v,m,M2,...,nk) be a ny regular SVCNGS of GS 7% = {M, W, W,,...,Wi}. Then
dy, (u;) = (a,b,c) for all u; € M. Assume that 7y is constant functions, that is 77 (u;, u;j) =
(c1,¢2,¢3), YV uju; € Wy where c1, ¢, c3 are constants.

By Definitiond&T] of an 7y — edge degree,
dn,(eij) = (dyy;(€ij), duy; (i), dys; (i),

d771J (eij) = dﬂlj(ui) + dnlj(uj) - 2771J(ui7 uj)eizﬁlj(u“uj)
= a+a—2
= 2(a—c)

Similarly, we solve the equation

iy, (€i5) = 2(b—c2)
d773J(eij) = 2(0_63)

cody,(ei5) = (2(a — 1), 2(b — ¢2), 2(c — c3)).

Hence, 7 is an 1y — edge regular SVCNGS.

Conversely, we assume that 7 is an 1y — edge regular SVCNGS.
To prove that 7; is constant functions.
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d"l] (61]) = (p7Q7r) for all €ij € WJ

Now,
de (eij) = de (ul) + de (u]) - 2771J(ui7 uj)eiZBU(uhuj)
p = a+a—2771J(ui,uj)ei2BU(““”j)
; s 2a —
g (i, ug)elP1 () (26~ p) 5 7)

Similarly, we solve the equation

Moy (i, )Pz (witi) = (262_ 9)

N3 (g, ug)ePss (i) — (2e=p)

’ 2

.. Ay is constant functions.

5. Application

Applications are used in this article to find ambiguities in all facets of human existence.
This article discusses the developments in all countries around the world, as well as the rea-
sons for their growth. We will compute the growth and value of fundamental needs across the
nations of the world. We will determine the value of a country based on how much education
its citizens have access to and how much the government helps the country’s poor residents.
The medical facilities provided by the government for its citizens as well as the contribution
it provides to global health, are also taken into account. Through the contribution of military
security in that country, we can ascertain the level of security that the people get. We can also
find out how much both the government and the inhabitants of that country contribute to the
development of its economy. A country’s government measures its progress based on how well
it upholds the country’s laws and works in the best interests of the people. We can determine a
country’s progress and strength using all the aforementioned variables. We regard a country’s
strength and development to be calculated as v1e!®!, its weakness and underdevelopment to
be calculated as v3e'®3, and we consider a country’s strength and weakness that we cannot
predict, ie., indeterminacy to be calculated as v2e?2. We're going to use an ambiguous value
to quantify it. A set M is considered to show nations with the highest rates of strength and
development. M={United States, China, Russia, Germany, United Kingdom, Japan, France,
South Korea}. We can determine the development correlation between the United States and
other countries using our definition{3.1] (see Tablef2]). We can determine the development cor-
relation between Japan and other countries (see Table{3]). We can determine the development
correlation between China and other countries (see Tableld]). We can determine the devel-
opment correlation between Russia and other countries (see Tableff]). We can determine the
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TABLE 1
Country e | et | yzeis
United States (US) | .8e"™ | .4ei6 | 6077
Japan (J) T7et0™ | 60et T | 51et0m
China (C) 8et8™ | 52etAT | 4t
Russia (R) 62685T | 5etdT | 5el6m
Germany (G) 5etbm | 6eTT | 6et T
United Kingdom (U) | .7¢%5™ | 5¢#6m | 47
France (F) betdm | TetdT | 5t
South Korea (S) Teb0m | 4t T | et

TABLE 2. United States and other countries

O (US, C) (US,Q) (US.S)

D (.861'.77r’ .4€i’5ﬂ—, '46i.57r) (.561'.6#7 .66i'77r, .6€i‘77r) ('7673.57r7 .467:'771—, .6€i'77r)
D (.7ei.67r ‘46i.67r .66i'77r) (.561’.6# ‘46i.57r '5ei.67r) (.66i'57r '46i.67r .5€i.57r)
|:| (‘5ei.47r ‘5ei.67r ‘5€i.57r) (‘5ei.67r ‘5€7L.67r '461'.571') (‘7ei.67r .36i.57r .3€i 57r)
D (‘7ei.77r .562"577 '5€7L.67r) (‘461'.571' '5ei.67r .4€i'5ﬂ) (.6€i'47r .56i'6ﬂ ‘4ei.57r)
D (.7ei.77r .5€i'677 '6€i.57r) ('561'.571' '5€i.67r _461'.571') ('7€i.67r .4616# .5ei.67r)

TABLE 3. Japan and other countries

O (J, R) (J,U) (JF)

D (_Gei.?ﬂr '661'.771' '5€i.67r) ('761'.5# '561‘.5# _461'.571') (.Gei'4ﬂ .7€i.77r _561'.777)
D (.5€i.47r’ .567;‘671—, .5ei.37r) (.66224#7 .5€i.57r7 _5€i.77r) (.6€i'37r, .6€i'67r, .5ei.37r)
D (.5673.4%’ .4€i’6ﬂ—, '46i.57r) (.6€i’57r, '5ei.67r7 '5ei.47r) (567' 37r7 .66i'57r, .5€i 27r)
D (.5ei.47r ‘56i.57r .66i'57r) (.46i.57r ‘56i.67r '4ei.77r) (‘6€i.47r '46i.37r .4€i.57r)
D (.6€i'57r ‘4ei.57r ‘4€i.37r) (‘561‘.5# ‘5€i.67r '5ei.57r) (.66i'47r .76i.67r ‘562‘.4#)

TABLE 4. China and other countries

O (C, G) (C,U) (C, S)

D (‘5ei.57r .6€i'77r '6€7L.77r) (.6€i'57r ‘567L.67r .461'.771') (‘767L.67r .4ei.57r ‘4ei.77r)
D (.561'.4# .5€i'677 '5€i.57r) ('761'.571' '4€i.57r _361'.771') (.6€i'47r .561"6# .66i'57r)
|:| (_4ei.47r '561'.671' '4€i.77r) (.6€i'57r '5€i.57r _461'.571') (.Gei'?’” .5€i'5ﬂ _561'.477)
D (.5€i.47r’ .567;‘571—, .6€i'57r) (.461"5”, .5€i.67r7 _4€i.77r) (.6€i'47r, _5€i.67r, _5ei.77r)
D (.561'.6%’ .3€i’4ﬂ—, '36i.77r) (.562'.5#7 '5ei.67r7 '4ei.47r) (.667:'47r, '5ei.67r7 .561'.7#)
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TABLE 5. Russia and other countries

R, G)

(R, F)

(R, S)

OO0000o

(.
(.
(.
(.
(.

5e45T 6et T 6etTT)
5elAm 5et-bm 5t Tm)
4ei.47r’ ‘56i.67r’ '6€i.57r)
5ei.47r’ ‘5e7j.57r7 ‘6€i.57r)

)

5ei.47r 561’.671' 5€7L.77r
). 5.

(.662'A47r7 .7€i.57r7 _56i.77r)
(.562'.4#7 '5ei.57r7 '5€i.57r)
(.66i'47r, ‘46i.37r7 '4ei.57r)
(‘4ei.47r’ ‘5€7L.57r’ '561'.471')
(- )

561’.471' 5€7L.47r 561’.771'
). 5.

(.6€i'37r, _5€i.77r, .6€i.57r)
(.667:'57r, '4ei.57r7 .467;.7#)
(.66i'37r, '56i.57r’ .5€i.77r)
(.66i'47r, .56i.67r, ‘5ei.57r)
( )

667L.47r 5ei.67r 6ei.47r
. - y

development correlation between United Kingdom and other countries (see Table{d]).

Using these SVCNGS, we illustrate the severity of the development between each pair of

TABLE 6. United Kingdom and other countries

(U, G)

(U, F)

(U, §)

5€i.57r 66i.77r 66i.77r
b )"

5ei.47r 567§.67r 66@'.571’
b bR

5ei.47r 561’.571' 6€i.77r
5. ).

66i.47r 76i.67r 5ei.77r
bR b

66i.27r 66i.57r 5ei.57r
bR b

661’.471' 4€i.57r 461'.371'
5. 5.

76i.57r 4ei.57r 4ei.77r
. y . 5.

66i.47r 56i.77r 6ei.77r
. y . y

6€i.47r 561',671' 5ei.57r
. y . y

OO0000o

(- )| ( )| ( )
(- )| (. )| ( )
(‘4ei.47r’ ‘5ei.67r’ ‘5€7L.77r) (.5ei.37r’ .6€i'57r, .561'.571') (.667;'37r, .5ei.57r, ‘5ei.77r)
(- )| (. )| ( )
(- )| G )| ( )

5ei.47r 561’.671‘ 5€i.67r 561’.471’ 5ei.47r 561’.771' 66i.47r 561’.6# 66i.77r
y y - . - . y . -

nations. On set M, numerous relations can be defined. Let’s explain the relationships on
M as follows: Wj=education, Wo=medical science, Rs= military, Wy= economic growth,
W5 = effected government, such that 7" = (@, R1, Ra, R3, R4, R5) is a GS. Each element of
the relationship exemplifies a certain stage of growth between those two countries. Due to
the fact that the GS is 7* = (M, Wy, Wa, W3, W4, W5), only one relationship can exist be-
tween two countries. Thus, it would be considered a part of that relationship, whose false
membership amount is relatively low in comparison to various other relationships, and whose
truth-membership amount is relatively high in comparison to other connections. When mea-
sured against other relationships, its truth-membership the amount is relatively high, while its
indeterminacy-membership amount is relatively low. Using the previously provided data, the
SVCNGS on Wy, Wy, W3, Wy, W5 are formed by matching items in relations with the truth-
membership, indeterminacy, and false-membership. They are 11,12, 13,14, 715, respectively, of
these SVCNGS.

Wi={(US, C), (J, U),(C, 5),(U, 8)}, Wa={(C, U),(R, 5)}, W= {(US, 5),(R, F)},

Wa={(J, F),(U, F)}, Ws={(J, R),(C, G)}.

The Corresponding SVCNGS are follows:

m = {(US, C)(.8¢"T, .4e"5™  4e™5™) (J,U)(. 75T, 55T 4et57),

(C,8)(.7€"57, 4et5™  4etTT) (U, S)(.Te™5™, 45T 4etT™)},
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1 /-'-‘\l
[] tpesof acountry’sdevelopment R AG)
| X\‘ _,f"’"f
education s
[] medica science &
III ‘.-\.\-\ II
mllltary IIII :\\\:-_----_ ---_®
D economic growth
@' . |®

] effected government

FIGURE 3. SVCNGS

{(C,U)(.7e"™, 45T, 3e"TT), (R, S)(.6€"5T, 4e"5T, 4ehTT)},
{(US,S)(.7¢"07, 3¢5, 3¢5T), (R, F)(.6¢™47, 4e™3T, 4e'T)},

{(J, F)(.6e"17, .4e"3™, 4e"57) (U, F) (.67, 4e"2T, 4e3T)},

ns = {(J, R)(.6€"5™, .45 4e¥37) (C, G)(.5e"57, 3¢t 3l TP},

Therefore, the SVCNGS are represented in Figure3lis (v, 71,172,713, 74, 15). The country with
the greatest level of development is represented by each edge of the SVCNGS in Figuref3l As

an illustration, the expansion of education, with values for truth-membership, indeterminacy-

membership, and false-membership of .8¢%7", .4e*5™ and .4e"", respectively, is what con-

tributes to the most powerful and developing relationship between the United States and
China. It should be noted that the United States has the lowest vertex degree of indeterminacy-
membership, false-membership, and the highest vertex degree of truth-membership for the

relation proliferation of education. This shows that the United States has a proliferation of

education and is developing alongside other countries. The purpose of this is article is to

identify the most developed nations in the world by examining the growth and development of

every nation in the world. This opens the way for the growth of all the nations in the world.

5.1. Algorithm
We now present the stepwise for calculation of our method which is used in this application

in the following algorithm.

Algorithm
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step 1: Input the set Q = {q1, 42, ..., ¢n} of countries (vertices) and put the membership val-
ues v = (y1€', y2e"2, y3¢'3) of the nodes ¢is, i = 1,2,....,n, 71,7%2,73 € [0,1] and
a1, g, a3 € [0, 27].

step 2: Input the mem-
bership values 1; = (117(qiq;)e?®7 (@9, no 5 (qiq;)e??27 (49 935 (qsq;)ei?7(@%)) of the

edges ¢;q; € W such that

1 (gigs)e™™7 %) < min{y(g;), ni(gy) b Mt @)l
n2(qig; )€™ 9%) < max{ys(q;), 2 (gy) e' mexleztaealah,

n3J(qiqj)ezﬂ3J(Qin) < max{3(q:),73(q;) e’ max{as(q:),a3(q;)}

such that 0 < n17(qiqj) +n27(q:q;) +n37(qiq;) < 3 and B15(qiq;), B20(4:45), B37(q:q;) €
[0,27] for all (¢;q;) € Wy, J =1,2, ..., k.

step 3: Develop mutually disjoint, irreflexive and symmetric relations Wy, Wy, ..., Wj on the
set of countries M and give the name each relation as exemplifies a certain stage of
growth between those two countries.

step 4: Select a countries as greatest level of development from one countries to other, whose
membership value is superior to that of other nations.

step 5: Construct a graph structure on set of countries with relations, select those pairs of
countries having same kind of the highest level of development as elements of same
relation.

step 6: Write all elements of resulting relations 71,79, ..., are CNSs on Wy, Wa, ..., Wy, re-
spectively and (v, 71,72, ..., k) is a SVCNGS.

step 7: Draw the SVCNGS, each of whose edges indicates the best level of development for

the related Countries.

6. Conclusion and future works

The idea of an SVCNGS has been developed in this study article by the authors. In
comparison to traditional fuzzy sets, the Set SVCNS, an extension of the NS, provides a more
realistic description of uncertainty. Through fuzzy control, it can be used in a variety of
ways. In this research study, the idea of SVCNGS is introduced. Further research is done
on the relationship between the degree of a vertex and the degree of an 7; — edge in regular
SVCNGS. We also define totally 1y — edge regular SVCNGS and n; — edge regular SVCNGS.
It is described under what conditions 7y — edge regular SVCNGS and totally ny — edge regular
SVCNGS are comparable. We also investigated various 75 — edge regular and totally 7y — edge
regular SVCNGS properties using an example. Furthermore, we have presented an application
of SVCNGS in decision-making, that is, identification of best level of development Countries.
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There are several potential areas for future research in this area, if it is possible to use the
adjacency matrix SVCNGS. Further, for developing future solutions, analyze the isomorphic
adjacency matrix, edge regular adjacency matrix, totally edge regular adjacency matrix, etc.
Future research areas include Complex Pythagorean fuzzy graph structures, Complex bipolar
fuzzy graph structures, and Complex bipolar neutrosophic graph structures, all of which are
based on the various properties of the nodes and edges in GS. The following are some of this
work’s limitations:
e This research and related network systems were mostly focused on SVCNGS.
e This approach can only be used when there are symmetric, irreflexive, and mutually
disjoint relations on the CNS.
e The SVCNGS idea is not relevant if the membership values of the characters are
provided in distinct environments.

e Sometimes it may not be possible to get real data.
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