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ABSTRACT

In this paper, we introduce and compute Open Neighbourhood Sombor degree based topological indices such as Open
Neighbourhood Sombor Index , Open Neighbourhood Banhatti Sombor Index , Open Neighbourhood Elliptic Sombor
Index, Open Neighbourhood Reduced Sombor Index , Open Neighbourhood of Euler Sombor Index, Reciprocal Open
Neighbourhood Sombor Index, Reciprocal Open Neighbourhood Banhatti Sombor Index, Reciprocal Open
Neighbourhood Elliptic Sombor Index, Reciprocal Open Neighbourhood Reduced Sombor Index, Reciprocal Open
Neighbourhood of Euler Sombor Index for some standard graphs such as Path, Cycle and Complete graphs.
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1. INTRODUCTION

Let G be a simple, finite and connected graph with q vertices and r edges. The degree of a vertex in a graph G is denoted
as d(q). The first degree-based structure descriptors were conceived in the 1970s [3]. In 2019, S.Mondal et al.,[9,10]
introduced the neighbourhood degree based topological indices. In 2021, V.Ravi et al,,[12] introduced some open
neighbourhood degree based topological indices.

In 1975, Milan Randi¢ introduced the Randi¢ index [8]. In 1972, Gutman and Trinajsti c introduced the first and second
Zagreb indices [1,2]. In 2021, I.Gutman[5] introduced the Sombor index. In 2021, V.R Kulli [7] introduced the Banhatti-
Sombor index. In 2024, 1.Gutman et al.,[4] discussed the Elliptic Sombor index. In 2021, I.Gutman introduced the
Reduced Sombor index. In 2024, [.Gutman([5] discussed the Euler Sombor index. Motivated by the above studies, in
this paper we introduce and compute Open Neighbourhood Sombor degree based topological indices such as Open
Neighbourhood Sombor Index , Open Neighbourhood Banhatti Sombor Index , Open Neighbourhood Elliptic Sombor
Index, Open Neighbourhood Reduced Sombor Index , Open Neighbourhood of Euler Sombor Index, Reciprocal Open
Neighbourhood Sombor Index, Reciprocal Open Neighbourhood Banhatti Sombor Index, Reciprocal Open
Neighbourhood Elliptic Sombor Index, Reciprocal Open Neighbourhood Reduced Sombor Index, Reciprocal Open
Neighbourhood of Euler Sombor Index for some standard graphs. Now, we discuss the Open Neighbourhood Sombor
degree based topological indices of aforesaid, where the open neighbourhood index is given by a(q) = Yqeng(r) d(q),
Ng (1) represents the neighbourhood of vertex r in the graph G and d(q) denotes the degree of the vertex q.

= The Open Neighbourhood Sombor Index is defined as

Va(@)? + a(r)?

N,SO = >

qregE(G)
* The Open Neighbourhood Banhatti Sombor Index is defined as

1 1
\/ @@ " @)’
2

N,BSO =
qreE(G)
=  The Open Neighbourhood Elliptic Sombor Index is defined as
a(q) + a(r)yalq)? + a(r)?
N,ESO = (a(q) + a(r))y/alq) (r)

qreE(G)
=  The Open Neighbourhood Reduced Sombor Index is defined as

V(@ = D? + (a(r) — 1)?
2

NoRSO =
qreiE(G)
*  The Open Neighbourhood of Euler Sombor Index is defined as

Ja@? + a)? + a(@a)
2

N,EUSO =
qreE(G)
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Also, we proposed reciprocal of Open Neighbourhoods Degree Sum Based Sombor Indices are given below

=  The Reciprocal Open Neighbourhood Sombor Index is defined as

2
RN, SO =

Lo el + a()?
=  The Reciprocal Open Neighbourhood Banhatti Sombor Index is defined as

2
RN,BSO =

qreE(G)

1 1
+
(a(@)? * (a(r))?
=  The Reciprocal Open Neighbourhood Elliptic Sombor Index is defined as

RN,ESO =
qreE(G) (a(q) + a(r)/a(q)? + a(r)?

= The Reciprocal Open Neighbourhood Reduced Sombor Index is defined as
2

qreZE(G)‘/(O‘(Q) —1)2 + (a(r) — 1)?

=  The Reciprocal Open Neighbourhood of Euler Sombor Index is defined as
2

wGte V@2 + aD)? + al@a(r)

RN,RSO =

RN,ESO =

2. MAIN RESULTS

In this section we compute the Open Neighbourhood Sombor degree based topological indices of some basic graphs
such as Path, Cycle and Complete graphs.

2.1 Open Neighbourhood Sombor Degree Based Topological Indices of Path graph

Let P, be the Path graph on n vertices. The Open Neighbourhood Sombor index edge partitions for P, are
(RRB(q), RRB(r)) = (2,3), (3,4), (4,4) Count= 2,2, (n — 5).

Theorem:2.1.1

Let P, be a path graph with n > 5 vertices. Then

a) N,SO(P,) =V13+5+2vV2(n—5)

b) NoBSO(R,) = 3 (Y22 43 4 B=202)

¢) N,ESO(P,) = 6vV13 + 35 +(n—5)8V2

d) NRSO(P,) =5 + VI3 + (n - 5)22

e) N,EUSO(P,) = V19 + V37 + (n — 5)2V3

f) RN SO(P)—F+ +(2;)

g) RNBSO(R) = = +2+ (3;)
(n-5)

h) RNLESO(P,) = 5\/— + 1o

. 2(n-5)

i) RN,RSO(P,) = _+¢_—+ —

i) RNEUSO(R,) = =+ =+ (‘2‘;;)

Proof:

ap,(@)?+ap, (r)?
(a) NOSO(Pn) = queE(G)—

2

- ap,(q))* + n(T')z
Sy, [ et

qi Tj

3 oS (V22 F 32 V32 + 42 VAZ + 42
S5 (T () (D
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V2Z + 32 V32 + 42 VaZ + 42
=2 > 2 > +(n-5) >

=V13+ 5+ 2V2(n —5)

1 1
@pp @2 ap, )2

(b) NOBSO(Pn) = Zq‘rEE(G)

2

1 .1
n (apn(Qi))Z (aPn(r]'))z

ZZZ 2

a7
_VY @@\ ({artar) (Jartar
Zr 2 + 5 n .
ai J
1 1 1 T . '
=2< W2+W>+2< W2+W>+(n_5)< W;‘W)
=1<E+E+(Tl—5)\/§>
2\ 3 6 2

(app(@+ap, (M) |ap,(@?+ap, (r)?
(C) NoESO(Pn) = queE(G)

2

Zn: Z (ap,(q) + aPn(rj)) ap, (q)* + aPn(rj)Z
- 2
TS

~ Z”:zn—s (((2 + 3)W) .\ <(3 + 4)@) .\ ((4 + mm))
- N -
ai /

2 2

(2+3)V22 +32 (3+4)V3% +42 (4+4)Va* + 42
—2(CEREER) o (CEOFER) s -5 ()

=6V13+35+ (n—5)8V2

J@r, @1 +(ap, -1)?
2

3 zj(apnm» 1) + (e, () - 1)’

2

(d) NORSO(Pn) = queE(G)

q; T

_ Z":zn—s <<J(2 12+ (33— 1)2> N (J(3 —1)2+(4— 1)2) N (J(4 —1)2+(4— 1)2>>
. 2 2 2
qi J

i (J C-+a- 1)2) s (J CRD 1)2> s (J GO 1)2)

=\/§+\/ﬁ+(n—5)¥

Japn(q)z+apn(r)2+apn(q)apn(r)

(6) NOEUSO (Pn) = queE(G)

_ zn:z \/apn(Qi)z + apn(rj)z + ap, (q)ap, (77)
2

a4 Tj
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2 2

\/22+32+2><3 V3Z+ 42 +3x4 V2 + 4 +4x4
2 > +2 > +(n—5) 5

=19 + V37 + (n — 5)2V3
2

(H) RN,SO(By) = Zgreee)y ———
/apn(q)zwpn(r)z

n

2

i T \/apn(Qi)z + aPn(rj)z

=§Z?B(<@>+<¢;+42>+<Mi42>>

:2<\/22—+32> ( ) (n= )(\/—42>
4 4 (n—5)
TV 5 2z

2

(g) RNoBSO (Pn) = quEE(G) ﬁ
@py @2 ' ap,, ()2

n
=22 2

qi Tj 1 1
(ap, (@))? (apn ()2

n->5 2 2
ZZ + +
1 1 1 1 1

ot ar [ORCH @zt @y
2 2 2
T o) T )T
(OO (ORI @z @z
_24 48 8(n-5)
S Ji3 5 V2

2
(hRN,ESO(P,) = queE(G)

(@pn (@) +py (1) [ap, @) +ap, ()2

n

2

ai 7j (ap,(q;) + Ufpn(rj)) ap, (g)? + a’Pn(ﬁ')z

n-5 2 2 5
) ;ZW <<(2 +3)vV2Z + 32) * <(3 +4)V32 + 4_2> + <(4 n 4)m>>

2 2 2
((2+3)\/22 +32) +2<(3 + 432 +42) to=9) ((4+4)V42 +42>
I S Gt
V5 VI3 32

2

J@py@-1)+(ap, 1)’

(i) RN,RSO(R,) = queE(G)
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n

=22 :

7% a1+ n () -1

I (e )
= + +
qzzj Ve-1D2+3-17 \JE-D*+¢@-D? \JEé-D*+(#-1)?

(=) o) e=orra)
J2 -1+ (3 -1)2 JB -1+ (4 —1)2 J@ -1+ (4-1)2

_A 4 o)
V5 Vi3 32

2

i) RN,EUSO(R,) = 3.
W) RN n T SareB©) Jarn@?+ap, @72 +ap, @ap, )
n

2

q T \/aPn(qi)z + apn(ﬁ)z + aPn(CIi)aPn(rj)

2

L n->5 2 2
2.2, ) )
i 224+324+2x3 32442 +3x4 42 + 424 4 x4

)

=2(\/22+32+2x3)+2(\/32+42+3x4)+(n_5)<
4 4 (n—=15)

=—+—=+
V19 V37 2V3
2.2 Open Neighbourhood Sombor Degree Based Topological Indices of Cycle graph

)
42 + 42 + 4 x4

Let C,, be the Cycle graph on n vertices. The Open Neighbourhood Sombor index edge partitions for C, are

(RRB(q), RRB(r)) = (4,4) Count=n
Theorem:2.2.1

Let C, be a Cycle graph with n > 3 vertices. Then
N,S0(C,) = 2v2n

N,BSO(C,) = 2"

N,ESO(C,) = 16v2n

N,RSO(C,) = 22"

N,EUSO(C,) = 2nV3

RN,SO(C,) = %

RN,BSO(C,) = %

RN,ESO(C,) = 1:—@

RN,RSO(C,) = ;—”ﬁ
RN,ESO(C,) = %
Proof:

[acy (@2 +ac, )2

(@) N,SO(Cy) = quEE(G)

2

i ac, (@)% + ac, (1)’
1y [drto el

q T

OON(E
qi
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_ (NEEE
=n f
=2V2n
1 1
@c, @72 ' (ac, )2

(b) NOBSO(Cn) = queE(G)

2

(ac, (r ))?

\/(“cn(ql))
-y

qi Tj

ZZ J(4)2 * (41)2

(Jar* ar)

=N 2

(acy (@+ac, () /acn(Q)2+acn(T)2
(C) NoESO(Cn) = queE(G)

2

zn: z (ac,(q) + (ch(rj)) ac, (q)* + acn(rj)z
- 2

53T

. ((4 + 4)W>

a; T

2
=16V2n

\/(“Cn (q)—1)2+((xcn (1’)—1)2

(d) NORSO(Cn) = quEE(G)

n (@ @) = 1)+ (ag, () - 1)°
iyl

q; Tj

ZZ ((J(4—1)2+(4—1) ))

(J(4— 12+ (4 - 1)2)
=n

2

_3\/§n
T2

\/acn(Q)z+Ulcn(T)2+acn(Q)acn(T)

(6) NOEUSO (Cn) = quEE(G)

n ac,(q:)* +a n(r')z + ac, (a)ac, (1)
gyl e

a T

@]International Journal Of Progressive Research In Engineering Management And Science

Page | 59



INTERNATIONAL JOURNAL OF PROGRESSIVE
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT

AND SCIENCE (IJPREMS)
www.ijprems.com (Int Peer Reviewed Journal)
editor@ijprems.com Vol. 05, Issue 02, February 2025, pp : 54-64

e-ISSN :
2583-1062
Impact

Factor :
7.001

ZZ ((W))

<\/42+42+4x4>
=n
2

=2nV3

2

RN,SO(C,) =Y. _
(f) o n qreE(G) fiacn(q)2+06cn(r)2

n

2

mn#d@”%@f
Y ()

2
(=)

2

(&) RN,BSO(Cy) = Xgrer(c) 0
@y, @2 (ac, )2

n
=22 2

qi Tj 1 1
(acn (g:))? (acn (7}))2

ZZ T

(4)2 MO

2

(h)RNoESO (Cn) = quEE(G)
(acp(@+ac, (M) |ac, (@?+ac, ()?

n

2

T (@) + ag, () e, @2 + ac, ()

O (EREs)

2
- ((4 + 4)VAZ + 42>
n

16v2

2

J(afcn (q)—1)2+(acn (r)—l)2

(i) RN,RSO(C,) = quEE(G)
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n

=22 2

74 a0 -0+ () -1
2% ((a=ra)
e \\WE-D2+ (- 1)

2

- n(\/(4 “D2+ (4- 1)2)
2n
3v2

2

iy RN,EUSO(C,) = 3.
() RN, (Cn) qreE(G) \/acn(q)Z+acn(r)2+acn(q)d6n(r)
n

2

ai 7 \/“cn(ql')z + “Cn(r')z + ¢, (a)ac, (1))
zz << VA2 £ 42 14 x4 +42+4><4>>

2
()
42 + 42 + 4 x4

n

T3
2.3 Open Neighbourhood Sombor Degree Based Topological Indices of Complete graph

Let K,, be the Cycle graph on n vertices. The Open Neighbourhood Sombor index edge partitions for K, are
(RRB(q), RRB(r)) = (2n — 2,2n — 2) Count= "~

Theorem:2.3.1

Let K, be a Complete graph with n > 4 vertices. Then

a) N,SO(K,) =+V2(n—1)>?

b) NoBSO(K,) = (= \F)

¢) N,ESO(K,) = 2\2n(n — 1)?

d) N,RSO(K,) = \/—n(2n4—5n+3)

e) N,EUSO(K,) =n(n—1)32

) RN,SO(K,) =57

g) RN,BSO(K,) = \/_n(n —1)?

h) RN,ESO(K,) = \/_(n 5
n(n-1)

V2(2n-3)
i) RN,EUSO(K,) = iﬁ

i) RN,RSO(K,) =

Proof:

ag, (@2 +ak, ()2
(@) NoSO(Ky) = queE(G)—

2

5y o,y +axn(r)

qi Tj

_ 22: (J(Zn - 2)22+ (2n— 2)2)
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_n(n—1) (V4> +42
2 2
=V2(n—1)?
(tll(nl(q))2+(ak:(r))2

(b) N,BSO (Kn) = Zq‘rEE(G)

2

1 .1
n ((XKn(Qi))Z (aKn(rj))Z

ZZ 2

q; T

- ot G
3y loz ar

_nn-1 /\/(2n£2)2 + (zniz)z\
2 2

_Tl
42

(g (@D+ag, (M) |ak, (@ +ag, ()?

2

(© NOESO(Kn) = quEE(G)

" (@, (@) + i, (1)) i, (@)% + g, (17)
>3 Z |

q Tj

_ Z”: Zn <<((2n —2)+@n-2)J/@n-2)2+ @2n— 2)2)>
- . 2
qi J

_n(n—1) <((2n -2)+@2n-2)J(@2n—2)2+ (2n - 2)2)
T2 2

= 2V2n(n — 1)?

S @1+ @y m-1)°
2

(d) N,RSO(K,) = quEE(G)

m (@ (@) = 1)+ (a, () - 1)°
iy

4 Tj

_ z":zn ((J((Zn —2)— 12+ ((2n—2) — 1)2)>
Ti 2
qi J

_n(n—1) <J((2n —2)-12+((2n-2) - 1)2)
2 2

_V2n(2n® —5n+3)
a 4

Jaxn(q)z+aKn(r>2+aKn(q)aKn(r)

(6) NOEUSO (Kn) = queE(G)

» @) + e () + g (@da, (7)
2

a T
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_ izn <<\/(2n — 22+ (@2n—-22+(2n—-2)x (2n— 2)))
- N 2
qi J

_nn-1) <\/(2n —22+(@2n—-22+(@2n—-2)x (2n— 2))
T2 2

=n(n - 1)>?

2

(f) RNOSO(Kn) = quEE(G)—
/aKn(q)2+aKn(T)2

n

2T

a rj \/aKn(qi)Z + aKn(rJ-)Z
23 (=
i\ \W(2n - 2)2 + (2n — 2)?

_n(n—1)< 2 )
2 \J@n-22+(@n-27

2
(g) RNoBSO(Kn) = quEE(G)

1
(aKn(Q)2+(aKn(T))2

Z 2
qi Tj 1 1
(aKn (ql)) ((ZK (‘I’ ))

1
(Zn — 2)2 (2n — 2)?

n(n -1
2 + 1
(Zn —2)2 " (2n—2)?
=2n(n - 1)2
2
(h)RN,ESO (Kn) = quEE(G)
(axp (@ +ag, () /axn(q)zmxn(r)z
n
2

i T (aKn(qi) + a’Kn(Tj)) akn(Q)z + ag, ((7}))2

n n 2
B ;Zr,- <<((2n —2)+(2n—-2))/@n - 2)2 + (2n— 2)2)>

_n(n—1) < 2 )
2 \(2n-2)+@n-2)J/@2n—2)2 + (2n - 2)?

n

T 82— 1)

2

S @1+ (ke -1)?

(i) RN,RSO(K,) = queE(G)

@]International Journal Of Progressive Research In Engineering Management And Science

Page | 63



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :

[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
AND SCIENCE (IJPREMS) Impact
www.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com Vol. 05, Issue 02, February 2025, pp : 54-64 7.001

() RN,EUSO(Ky) = Xgrer(s)

n

=22 :

T a0 = 17 + (e, () ~ 1)
ot : )
- T; \/((Zn —-2)—-1)2+(2n—-2)—1)2

_nn-1) 2

2 (J((Zn —2)- D2+ (2n-2) - 1)2)
_ n(n-1)
T V2(2n-3)

2

JaKn(q)z+a,<n<r)2+a1<n(q)a1<n(r)
n

2

a Tj \/aKn(qi)z + aKn(rj)Z + e, (@), (1)

n n 2
- ;zn <J(2n — 22+ (2n-27+@n-2)x 2n— 2))

_n(n—1)< 2 )
2 \J@n—-22+@n-202+@2n-2)x (2n—2)
n

23

3. CONCLUSION

In this paper, we have introduce and compute Open Neighbourhood Sombor degree based topological indices such as
Open Neighbourhood Sombor Index , Open Neighbourhood Banhatti Sombor Index , Open Neighbourhood Elliptic
Sombor Index, Open Neighbourhood Reduced Sombor Index , Open Neighbourhood of Euler Sombor Index, Reciprocal
Open Neighbourhood Sombor Index, Reciprocal Open Neighbourhood Banhatti Sombor Index, Reciprocal Open
Neighbourhood Elliptic Sombor Index, Reciprocal Open Neighbourhood Reduced Sombor Index, Reciprocal Open

Neighbourhood of Euler Sombor Index for some standard graphs such as Path, Cycle and Complete graphs.
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