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LOWER AND UPPER BOUNDS OF A JUMP GRAPH USING
TOPOLOGICAL INDICES

Abstract

Abstract:The main aim of this paper is to find new bounds of a
jump graph using some topological indices like Hyper Zagreb index,
Nirmala Index, VL Index and Forgotten topological index. Topologi-
cal Indices are used to convert molecular structure into a real value.

Keywords: Hyper Zagreb index, Nirmala Index, VL Index and For-
gotten topological index.

1 Introduction

Let G be a simple graph connected with vertices and edges. V(G) represents
vertices and E(G) represents edges set, the number of edges with u as an
end vertex is called degree of u and is denoted as degg(u) the minimum and
maximum degrees of graph are represented as dg and Ag respectively.

2 Methodology

Hyper Zagreb Index:
In 2013, Shirdel et al intoduced distance based Zagreb indices named Hyper
zagreb index as
HZG) = Y (di+dy)
i,jeE(G)
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Nirmala Index:
Inspired by the work of Sombor indices, V R Kulli introduces the Nirmala
index of a graph G as

NG = ), (Wdi+dy)

i,jeB(G)

VL Index:
By the work of Zagreb index, Deepika T introduced the VL index of a graph
and is defined as

1
VLG) =5 > [di+d;+di = dj]
1,jeE(Q)
Forgotten Topological index:
Furtula and Gutman introduced Forgotten topological index and established
its some properties . This index is defined as

F(G)= ), [d}+d]]
1,j€E(Q)

3 Properties of Jump Graph

The graph has
(1).M1 + A1 vertices

A =1) 3 [deg(i) + deg(j) — 2]

(ZZ))\l ()\2 + 772) + 9 5

edges
i,j€E(G)

(iii). The degree of a vertex v € v(G) is given by

degg (i) = degu (i) + 1if i e V(H)

dng(G) (Z) + 19,if i € V(J(G))
- (1)

4 Preliminary results:
Results of Hyper Zagreb Index

HZ(G) =) € E(G)(d; + d;)*
2
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Theorem 1: Let G and H be two simple connected graphs, then the bounds
for the hyper Zagreb index of jump graph given by

HZ(G) = 4\ (A +1)? + [Ax — 206 + 2+ A + 1m0+

A1(A—1)

[(f —M(Ag = D][2M\ — 4A¢ — 2 + 21)?
and
HZ(G) < 4MM (6 +1)2 + [0 — 20g + 2+ M1 + m2] 2+
AN —1
[(1<12) — M (0g — D][2A1 — 40 — 2 + 2mp)?
Proof:

HZ(G) =M Y, [(degu(i) +1) + (degu(j) + )]*+
i,j€E(Q)

Z Z (degp (i) +1) + (dng(G)(e) + 172)]2

eeV(J(G)) i€V (H)

+ [(degy(c)(e) + n2) + (degy(c)(t) + m2)]?
eteE(J(G))

= MA2[(degr (i) +1)+(degr (7)+1) >+ n2[(dega (i) +1)+(deg s c) (€) +n2]°+

(AR =Dy (20O =2 g )+ (deg iy ()4

= M Xa[degy (i)+(degr (7)+21° + Aol (dega (i) +1) +[(M —1)—(degq (i) +dega () —2) +n2]*+

(A1(M —1)

5 [degG( ) + degG( ) 2]]

2

[

) — A

[(A—1)—(dega (i) +dega(j)—2) +n2]+[(AM—1) —dega (i) +dega (§) —2) +n2]]?

3



UNDER PEER REVI EW

> MAo[Ay +g 42 + Mmp[(Ap + 1) + [\ — 1) — (Ag + Ag — 2) + 2]+

A1(A —1)
2

Ag+Ag —2

[( )—)\1(( NI =)= (Ac+Ag=2)+m]+[(M—1)—(Ag+Ag—2)+1n2]]?

> MAd(Ag 4+ 1)% + [Ag — 2A¢ + 2 + A\ + ma]+

A(A—1
[[1(12)]—)\1(AG—1)][>\1—2Ac—3+772]+[>‘1_2AG+1+772]]2
< M od(0m + 1)2 +[0g —20¢ +2+ M\ +772]2+

A(A1—1)

51 M(¢ = D[\ — 206 = 3 +m2] + [\ — 206 + 1 + n2]]?

Theorem 2: Let G and H be two simple connected graphs then the bounds
for the Nirmala index of a Jump graph is given by

N(G) = V22 (Ag + 1) + MAdon/Ap — 206 + A + 2+ o+

D) x e - DVaVA 286 T L

and
N(G) < \/5)\1)\2((5[{ + 1) + )\1)\2\/5[{ — 20+ A+ 2+ 0+
I I VN s e
proof:
NG = ) Vdi+d;
i,j€E(G)
NG =M Y. I(degu(i) +1) + (degu(5) + D]+

Zv]EE(G)
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> y/[(degi(i) + 1) + (deg () +n2)]

eV (J(G)) ieV (H)

3 ldegre) +m) + (deg () +m)]
eteB(J(Q))

= Mo/ [(degn @) + 1) + (degn(G) + DI+ i/ [(degn (i) + 1) + (deg () +mal+

AN —1)
2

degq (i) + degya) —

2
[ ; I/ [(degsiae + 1) + (degscy(®) + )]

)=

= Ao/ [degr (i) + (degr (j) + 2+ Auma/[(degr (i) + 1) + [(A1 — 1) — (dega (i) + dega(j) — 2)+ne]

+[()‘1(A21_1))_)\1[d€gG( )+C2iegG( ) 2]]

[VI(A1 = 1) = (dega (i) + dega(f) — 2) + n2] + [(M — 1) — dega (i) + dega(j) — 2) + n2]

> >\1)\2\/§(AH +1)+ Al)\g\/AH —2AG + A1+ 2+ m0+

A — 1)

[ ( 1= M(Ag — DI[V2(M — 1) —4(Ag — 1) + 21

< MAV2(0m + 1) + MAon/0g — 20 + A\ + 2 + o+

A= 1)

[[Ax( 1= M6 —D][vV2(\ — 1) —4(0g — 1) + 2m

Theorem 3: Let G and H be two simple connected graphs then the bounds
for VL index is given by

1
VL(G) > 5[[A1A2(4AH + AL +3) + (M — Ay +2)+

5
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MM —1)
2

(AH—i-l) [)\1—2AH+1)+772]+[[ ]—)\1 (Ag—l)] [2/\1—4AG+2772+2]+
(A —1)2 =4\ —1)(Ag—1)+4(Ag—1)2+2n2(M —1) — 22 (Ag — 1) +73]]

and

VL(G) < =[MXa(46m + 0% 4+ 3) + MM — 0 + 12 + 2)+

N | =

A — 1)
2

Og+1)[A—20g+1)+n2]+][[ 1= (dg—1)][2M\1 —40G +2m2+ 2]+

[(A —1)2 =4\ — 1) (0 — 1) +4(6q — 1)2 +2m2 (A1 — 1) — 2m2(6g — 1) + 73]
Proof:
VL(G) = 1 1 i+ dj + di + dj]

1,jeE(G)
=é[/\1 > [degn(i)+1)+(degn (§)+1)+(degr (§)+1)+(degr (i) +1)*(degm (i) +1)+

i jeB(H)

D1 [degu(i)+1)+(degq)(e)+n2) +(deg ) (i) +1) (deg.cy(e) +m2) |+
eeJ(Q) i€V (H)

D7 [(degyc)(e)+m2)+(deg ) (t)+12) +(deg s (€)+n2) (deg. sy (t)+n2))]
eteJ(G)

= %[/\1)\2[degH(i)+1)+(degH(j)+1)+(degH(j)+1)+(degH(i)+1)(degH(i)‘i'l)]]+

Aine[(degr (i) + 1) + (deg () (€) +m2) + (deg ) (i) + 1) = (deg ) () +me2)]+

[[AI(A;_ 1)]_)\1[d6g(;(2) + degG(]) — 2[(

5 deg y(a)(e)+mn2)+(deg s (t)+m2)+

6
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(degyay(e) + n2)(deg ) (t) + n2)]

%[Alkz[deng(i) + degr(j) + 2 + degr (j)degn (i) + degr (j) + degu (i) + 1]

Alng[degH(’L') + 1+ [()\1 - 1) — (degH(i) + degH(j) — 2] + T]2]+

[[)\1(>\1 — 1)]_>\1[d€9G(Z') + degg(j) — 2]][[(/\1_1)_(

5 5 dega(i)+dega(j)—2)+n2]+

[(A1—1)—=(dega(i)+dega(i) —2) +m2]+[[(A1—1)—(dega (i) +dega () —2) +n2]

[(A1 — 1) = (dege (i) + dega(4) — 2) + n2]]

1
= 5[/\1)\2[4AH + A%{ + 3] + )\1772[(AH + 1)((}\1 — 1) —2Ag + 2) + 772]+

[[)\1 (>\12 — 1)]—)\1(AG—1>] [(AM—=1)—(2AG—2)+n2]+[(A\1—1)—2Ag+2+n2]+

(A1 =1) =2(A¢ = 1) +m) (M = 1) = 2(Ag — 1) + m2)]

> —[MA[4A+AT 3]+ (M —Ag+m) +[(Ar+1) (M —2A5+1) +n2]+

N | —

=) (A - D2 — 48 + 20+ 20+

7
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(A —1)2 =4\ —1D)(Ag—1)+4(Ag—1)2+2n9(M —1) = 2m2(Ag —1) +73]]

< —[MA2[40m + 0% +3] + MM — 0 +m2) + [0 +1) (A1 — 265 +1) + 2]+

N

D)3 (5~ 1))(20 — 4d6 + 2 + 20+

[(A1 = 1)2 =4\ — 1)(6g — 1) +4(0e — 1)? + 22 (M — 1) — 2m2 (8¢ — 1) + n3]]

Results of Forgotten index:

Theorem: Let G and H be two simple connected graphs the the bounds
for the forgotten index of a Jump graph is given by

F(G) =z 2M (A + 1)2 + Alﬁz[A%{ +2Ag —2Ag + 3\ + 772]2—1—

[[)\1()\12_1)] — (&g = D][A1 =246 + 12 + 17 + [A1 — 246 + 12 + 1]°

F(G) < 2MA2(6m + 1) + Mim[d3 + 201 — 206 + 3\ + n2]*+

A(Ar—1)

2 ]*)\1(56**1)][)\1*25g+772+1]2+[)\1*25g+772+1]2

i

Proof:
F(G)= > [df +d3]
1,jeE(Q)
F(G)=XM . [(degr(i) + 1)* + (degr(j) +1)*]+

1,jeE(Q)

2 [(degr (i) + 1) + (deg(c)(t) + n2)*]+
e,te E(Q)
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Y D, [(degn(@) +1)% + (degscy(e) +n2)?]

eev(i,7) 1€v(G)

= M Ao[(degg (i) + 1)% + (degr (5) + 1)%]+

Miel(degn (i) +1)* + (deg i (e) +n2)*]+

[[)\1(>\1 - 1)]_>\ [degG(i) + degG(j) - 2]]][

5 2 5 degy(c)(€)+m2)*+(deg ) (t)+n2)%]

= MA2[(dega(i) + 1)? + (degn (j) + 1)?]+

Mma[(degr (i) + 1)? 4+ [(A\ — 1) — (dega(i) + degg(§) — 2) + m2]*+

[[)\1()‘12_ 1)] B Al[degG(i) + gegG(j) — 2]]

[(M—1)—[dege (i) +dega () —2]+n2)*+[(M—1)—[dege (i) +dega () —2]+n2]?

> )\!)\2[(AH+1)2+(AH+1)2]—l—)\lng[(AH+1)2+(()\1—1)—(A0+Ag—2)-1-772]2-1-

A1\ —1)
2

Ag+Ag—2
2

i 1=l N1 = 1) = (A + Ag = 2) + n2]*+

[(A—1) — (Ag + Ag — 2) + n]?

> 20 00 (Ag + 1)2 + Aima[AY + 285 + 3M — 2A¢ + ma]*+

9
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[[>\1(/\12_1)]_/\1(AG_1)] M=28¢-D][M—28¢+m+1]7 4[N —28¢+p+ 1]

<2000 + 1) + Mma[0% + 201 + 3\ — 20G + 2]+

A(Ar—1)

5 ]—)\1(56'—1)] [)\1—250—1)] [)\1—25@+772+1]2—|-[)\1—2(504-7724—1]2

i

5 Conclusion:

In this article we considered four topological indices to determine the lower
and upper bounds. In the same way researchers can consider other topolog-
ical indices and determine their bounds for the graph.
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