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Abstract. Topological indices are mathematical measure which correlates to the chemical
structures of any simple finite graph. These are used for Quantitative Structure-Activity Rela-
tionship (QSAR) and Quantitative Structure-Property Relationship (QSPR). In this paper, we
define operator graph namely, U-graph and structured properties. Also, establish the limits for
few topological indices namely, Inverse sum indeg index, first zagreb index, first reformulated
Zagreb index, Sombar index and nirmala index of U-graph.

1 Introduction

Harold Wiener formulated topological index in 1947 while he was working on boiling point of
paraffin and he named this index as path number, now its is called as Wiener index [13]. Since
then many other topological indices have been defined and studied. Topological indices are nu-
merical invariants that are associated with the topological characterization of a compound. The
properties of chemical compounds such as toxicological, physicochemical, pharmacological are
closely related to topological indices.

Now we recall some well known topological indices.

The first zagreb index was introduced by Gutman.I and Trinajstic.N (1972) [2] and is defined
as

M[Gl= > [du+d,)]
weEE(G)

The first reformulated zagreb index was introduced by A.Milicevic et al. (2004)[9] and is
defined as

EMi[Gl= > [du+d,—2]
uwv€E(G)

The Sombar index was defined by Gutman in[3] as

SO[Gl = > \da(u)? +dg(v)?

weE(G)

Kulli[4] introduced the Nirmala index of a graph G and it is defined as
NGl = Y /de(u)+da(v)

In 2010, Vukicevic and Gasperow [10,12] introduced bond-additive topological index namely,
inverse sum indeg index as a significant predictor of total surface area of octane isomers and is
defined as.

ISIGI = Y ( djﬁ,)

weE(G)
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Definition 1.1. Let G and H be two simple connected graphs with n;,n, and m,m; vertices and
edges respectively. Then edge SR-Corona of G and H is a graph which is obtained by taking
one copy of S(G) and m; copies of R(H) and each i‘" vertex [1 < i < my] of I[G] [I(G) is a
vertex set which are inserted vertices to each edge of 7] is adjacent to each vertex of i*" copy of
R(H).

Theorem 1.2. Let U be a edge SR-Corona graph, then bounds for the first zagreb index of U-

graph are given by

M, [U] < 2m1[AG +24+n, + mz] + mlmz[SAH + 154+n, + mz] + m1n2[2AH +3+n, + mz]
and

M[U] > 2my[dg + 2 + np + ma) + mim2[80m + 15 + ny + ma] + mina[26y + 3 + np + ma).
Proof.

M[U] =2myldg + 2 + ny + ma] + muma2dy + 1+ 2dg + 1] 4 2myma[2dg + 1 + 3]
+mina[2dg + 142+ ny + ma] + mima[3 +2 + ny + my)
=2mi[dg + 2+ ny + ma] + mimo[ddy + 2] + 2mima2d g + 4] + mina[2dy
+ 3+ np + ma] + mma[5 + ny + my)
=2mlde +2+na+ma) + mimafddy +2+4dy + 8+ 5+ ny + mo]
+ mina[2dy + 3 + ny + my]
=2mldg + 2+ na + ma] + mima[8dy + 15 4+ np + ma] + minz[2dg + 3 + ny
+ my]
M, [0] < 2mi[Ag + 2 + na + ma) + mima[8An + 15 + na + ma] + mina[2Ag +3 +no
+ mo]
Similarly,
M;[0] > 2m1 [0 + 2 + no + ma] + mima[85g + 15 + np + ma] + mna 26y + 3 + ny
+ mo]

This proves the result.

Example 1.3. Let G and H are two simple connected graphs, then U-graph is

Figure 1: U-graph
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MU= Y [du+d]
weEE(Q)

=243 +5)+4(8+2)+15(8 +3) +12(5+5) +12(8 +5) + 1(8 + 1)

= 24(8) +4(10) + 15(11) + 12(10) 4 12(13) +9
=682

M, [U] < 2mi[Ag + 2 + ny + ma| + mima[8Ay + 15 + no + ma] + mina[2A + 3 +no
+ my)]
<8B+2+3+3]+12[8(2)+15+3+3]+12[2(2) + 3+ 3 + 3]
< 8[11] + 12[37] + 12[13]
= 688

M, [U] > 2my[dc + 2 4+ ny + ma| + mima[80y + 15 + ny + ma| + mina[26y + 3 4+ ny
+ my)]
>8[1+2+34+3]+12[8(2)+15+3+3]+12[2(2) + 3+ 3 + 3]
> 8[9] + 12[37] + 12[13]
=672

Theorem 1.4. Let U be a edge SR-Corona graph, then bounds for the first reformulated zagreb
index of U-graph are given by

EM,[0] < 2mi[Ag + na + ma]? + mima[24A%, + 17 + 16Ay + n} 4+ m3 + 6ny + 2nomy
+ 6my] + mina[2Ag + 14 ny + mo)?
and
EM;[U] > 2my[0g + na + ma)? + mima[240% + 17 + 165y + n3 +m3 + 6ny + 2namy
+ 6my] + mina 26y + 1+ ny + myl*.
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Proof.

EM[U] = 2mi[dg +2 +ny +ma — 2> + mima[2dg + 1+ 2dg + 1 -2

+2myma2dy + 1+ 3 =2 + mina[2dg + 142 + ny + my — 2?
+mima[3 42+ ny +mp —2]2

=2my[dg + na + mo]* + mima[ddy)* 4 2myma[2d gy + 2]

+mina[2dgr + 14 ng +ma)* + mima[3 + ny + mo)?

=2my[dg + np + ma]* + myma[ddg)* 4 2mima[2dg + 22 + myna[2dy + 1

+ ny + mz}z +mima[3 4+ ny + m2]2

=2my[dg + ny +ma)? + mima[16d3; + 2(4d3; + 4+ 8dy) + (3 + ny +my)?]
+ mina2dg 4+ 1+ ny + mol?

= 2my[dg + na +ma)? + mima[24d3 + 8 + 16dy + (3 +ny +my)?
+mima2du + 1+ ny + mo)?

= 2my[dg + na + ma)* + mima[24d3; + 17 + 16dg + n3 +m3 + 6na + 2namy
+ 6my| + mina[2dg + 1 +mny + m2]2

EM,[U] < 2my[Ag + na + ma]? + myma[24A3, + 17 + 16Ag 4 n3 + m3 + 6ny + 2nymy

Similarly,

+6my] + mna[2Ag + 1+ ny +my)?

EM[U] > 2m1[dc + na + m2]2 + m1m2[245%{ + 17+ 160y + n% + m% + 615 + 2noms

+ 6m2] + m1n2[25H +1+n+ mz}z

This proves the result. O

Example 1.5. Let G and H are two simple connected graphs, then U-graph is

Figure 2: U-graph
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EM\[U] = ) [dy+d,—2J
uw€E(G)

=8(3+3-2)2+8(7T+2-22+4(7T+5-2)>+16(5+3—2)> +16(7+3 —2)?
= 8(16) + 8(49) + 4(100) + 16(36) + 16(64)
= 2520

EM[U] <2m[Ag +na2 + mz}z + m1m2[24A%{ 4+ 17 +16Ag + n% + m% + 619 + 2nomy
+ 6my] + mina[2Ag + 1 4 ny 4+ my)?
< 8[2+3+27 +8[24(4) + 17+ 16(2) + 9+ 4 + 6(3) + 2(6) + 6(2)] + 12[2(2)
+1+3+2
< 8[49] + 8[96 + 17 + 32 + 13 + 18 + 24] + 12[100]
=3192

EM[0] > 2mi [0 + na + ma)* + mimg[246% + 17 + 1665 + n3 + m3 + 6ny + 2namy
+ 6my] 4+ mina[205 + 1+ ny + my)?
> 82+ 3+ 2] +8[24(1) + 17 + 16(1) + 9 + 4 + 6(3) + 2(6) + 6(2)] + 12[2(1)
+1+3+2
> 8[49] + 824+ 17+ 16 + 13 + 18 + 24] + 12[64]
= 2056

Theorem 1.6. Let U be a edge SR-Corona graph, then bounds for the Sombar index of U-graph
are given by

SO[) < 2mi /A% + (2 -+ my +mo)? + mima{y/202A5 + 12 +24/483 + 1+ 4y +9

+ \/32 + (2 +n2 +m2)?} + mmz\/(ZAH +1)2+ (2 +n2 +mp)?

and

SO = 2mu /8% + (2 4+ na +ma)? + mima{y /220 + 12 +2/46% + 1 + 455 +9

+ \/32 + (2 +n2 +m2)*} +m1nz\/(25H +1)2 4 (24 + my)?
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Proof. Consider,

U] = Zml\/dé +(24+n+ma)?+ mlmz\/(ZdH +1)24 (2dy +1)2

+ 2mymay/ i + 1?2 + 32+ muinay/ (2 + 12 + (24 ny +ma)?

+ mlmz\/32 + (24 ny +my)?

= 2m1\/d2G + (24 ny+m2)?+mimpy/2(2dy + 1)2

+ 2m1m2\/4d%1 +1+4dg +9+ mmz\/(2dH + 124+ (24 ny+mp)?

+ mlmz\/32 + (24 ny + my)?

=2my \/dé + (2 +no + m2)2 + mlmg{ 2(2dH + 1)2

£ 2[4, 1+ dd +9 /3 + (24 my +mo)?)

+ mmz\/(ZdH + 124+ (24 ny+mp)?

SO[U

<2m1\/A2 2+n2+m2) + mymp{ 2(2AH+1)2

+20/40Y + 1+ 40 +9+ (/3 + (2 my +mo)?)

+ mmg\/(ZAH + 1)+ (24 n2 +ma)?

Similarly,

SO[B] = 2mi\ /6% + (24 my +ma)? + muma{y/2(265 + 1)?

+20/48% + 1440 + 9+ /3 + (24 my +ma)?)

+ mlnz\/(25H +1)2+ (2 +n2 +mp)?
This proves the result. O

Example 1.7. Let G and H are two simple connected graphs, then U-graph is

Figure 3: U-graph

sowl= 3 \Jda(u)? +de(v)?

wveE(Q)
=12V/94+94+15V/9+25+2vV25+4+3V25+1

= 12V18 + 15v34 + 2v/29 + 326
= 317.41394
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SO[] < 2my\ AL + (2 4+ nay + ma)? + muma{ /2285 + 12 +21/4A%, + 1 +4A5 +9

+\/32+(2+n2+m2)2}+m1n2\/(2AH+ 1)2 + (2 4+ ny +my)?
<89+ (2+2+1)2 +4 2(2+1)2+2\/4+1+4+9+\/32+(2+2+1)2}

+8/ @+ 12+ (@2 +2+1)
< 8V9 +25+4{V18 +2V18 + V34} + 8V34
= 344.8831

SO[) = 2m1 /% + (2 4+ ma +ma)? + mima{y/ 2205 + 12 +2\/46% + 1 + 455 +9

+ \/32 + (2 +n2 +ma)?} + mmz\/(ZéH +1)2+ (24 ny +my)?

>8\/1+(2+2+1)24+4 2(2+1)2+2\/4+1+4+9+\/32+(2+2+1)2}

+8\/(2+ 12+ (2+24+1)
> 826 + 4{V/18 + 218 + 34} + 834
= 161.6752

Theorem 1.8. Let U be a edge SR-Corona graph, then bounds for the Nirmal index of G-graph
are given by

N[U] < 2mivAg +2+mp +my + mima [V4Ay +242y/2Ap +4 + 5+ +my

+ mynay/2Ag + 3 +ny +my

and
N[U] > 2miV/da 4 24 no + ma + mima {465 + 24+ 27/265 + 44+ /5 +ny +ma}

+m1n2\/25H+3—|—n2—|—m2—|—m1m2\/3—|—2—|—n2—|—m2

Proof.

N[U] = 2mi\/dg + 2 + ny +ma +mimay/2dg + 1+ 2dg + 1+ 2myma\/2dg + 1+ 3

+mina/2dg + 1+ 2+ na +ma 4+ mima/3 + 2+ ny +my

:2m1\/dc+2+n2+m2+m1m2[\/4dﬂr+2+2\/2dH+4+ \/5+n2+m2]

+m1n2\/2dH +34+n;+mo

N[U] < 2mi/Ag + 2+ na +my +mymy [\/4AH +242V20 +44+V/5+nm + mz]

+mina/2Ag + 3 4 na + ma

Similarly,

N[O] > 2mi\/dg + 2+ ny + may +mymy [\/45}, +24226 +4+5+n + m2:|

+minay/20g + 3+ +mo
This proves the result. O

Example 1.9. Let G and H are two simple connected graphs, then U-graph is
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Figure 4: U-graph

Nol= Y o) + da(v)

uwv€E(G)
=12V7+34+3V7T+54+6V2+T74+6V3+34+12V/5+3

= 12V10 + 3vV12 + 6V9 + 6V6 + 128
— 114.9777

N[U] SZml\/AG+2—|—n2+m2+m1m2[\/4AH—|—2+2\/2AH +4+5+n+m

+ minay/2Am + 3+ na +mo

S6\/2+2+2+3+6{\/8+2+2\/4+4+\/5+2+3 +9vV4+3+2+3

§6\@+6[M+2\/§+\FO} +9V12

= 121.06537

N(G) > 2mi\/dg + 2+ na + mo + mima{\/46y +2 +2/205 + 4 + /5 + na +ma}
+mingy/205 4+ 3 4+ ny +my
>6V2+2+3+2+6{Va+2+2vV2+4+V5+2+3}+9vV2+3+2+3

> 6V/9 + 6{V/6 +2V6 + 10} +9V10
= 109.52498

Theorem 1.10. Let U be a edge SR-Corona graph, then bounds for the inverse sum indeg index
of U-graph are given by

Ac(2 + na + my) } i, HZAH + 1} N {3(2AH + 1)} {64—3712 +3m2”

ISI(U) <2
(©) < 2m) [AG+2+H2+m2 2 Ag +2 54 n,+my

s [(2AH +1)(24n, +mz)} .

2Ag +3+ny +mp

and

1SI1(B) > 2my [5G(2+n2+m2) } s H%H + 1} N [3(25H+ 1)} {6+3n2+3m2H

g +2+ny+myp 2 o +2 S5+ ny+my
(25H+1)(2+n2+m2)}
20y +3+ny+my .

+ mn; {
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Proof.

ISI(U):Zml[dG(Z—i-nz—i-mz)}ijm |:(2dH+1)(2dH+l)

2
dg + 2+ n2 + ma 2dm1+2db{+1]Jr mlmz[
(2dH+1)(2—|—n2—|—m2)] [3(2+n2+m2)]
+mmy | ——————
2dg+14+24+n,+mp 34+24n+mn
dg(z-i-nz-i-mz) 4d%1+4dH+1 6dy + 3
=2 T TRHT D) ) S
m [d(;—l—Z—i—nz—i—mz RS v 2 2y + 4
(2dH+1)(2+n2+m2)] [6+3n2+3m2)_
+mmy | ———m—
2dg +3+ny+mp S5+ny+m
dG(2+n2+m2) :| n m |:(2dH + 1)2
dg +2+n+m, 21 002dy + 1)
(2dy +1)(2 + 1y + my) 6+ 3n, + 3my) |
+m1n2[ 2dg +3+n2+mo +mm 54 n, +my

Ag(2+n2+m2) 2Ag + 1 S(ZAH—FI) 6 +3ny +3my
IS1 <2
SI(V) < 2m, |:AG+2+n2+m2]+m]m2[{ 2 ]Jr[ Ag +2 5+n2+mp

(2dg +1)3
2dg +3+1

+mino [

+ mino |:

—2m1[

} 2y 6dm +3}

| 2d + 4

+m1’n2|:

(ZAH + 1)(2+n2 +m2)]
20 +3+ny +mp ’

Similarly

6@(2+n2+m2) 20 + 1 3(25H+1) 6+ 3ny +3mo
> e vl
ISI(®) 2 2m [5G+2+n2+mz]+mlm2H 2 ] [ o +2 5+ mn2 +ma

- [(zaH +1)(2+ +m2)] |

20y +3+n +mp

This proves the result. O

Example 1.11. Let G and H are two simple connected graphs, then U-graph is

Figure 5: U-graph
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dyd,
ISI(U) > (d a )
weE(G) “ v
9 15 10
=9 +90 +6—
= 9(1.5) + 9(1.875) + 6(1.4285)
— 38.946

Ac(2 + na + my) } oy, HzAH+ 1} N [3(2AH+ 1)} [6+3n2+3m2”

ISI(T) <2
() < 2m [AG+2+nz+m2 2 Am +2 5+ s+ my

[(2Ag +1)(2 4 ny 4+ m2)
+mimy 2Ag +3+ny +mp '
Ce[22t24 D] S[T241] [643] [646+43]) [+ D@+2+1)
- 2424241 2 142 54241 24+3+2+1

10] 3 9 15 15
< _ Z Z _— =
o[ 7] lB] B 5] e l5]
< 6(1.42857) +31.5+3 4+ 1.875 + 6(1.875)
= 38.946

ISI(U)szI[6G(2+n2+m2)}+m1m2H25H+1} {3(2@#1)} {6+3n2+3m2H

0g+24+mny+my 2 og +2 5+ ny+my
2 1)(2

+m1n2{( O+ 1)( +n2+m2)]
20y +3+ny+myp

o] ol ][] [ e[

10 31 9 15 15
> - el Z -~ -~
=o 7] ea([5]+ [5]+ [5]] +o[5)
> 6(1.42857) + 31.5 + 3 + 1.875 + 6(1.875)
— 38.946

2 Conclusion

In this work, we considered U-graph and concentrated five important topological indices and
determine their bounds. Similar way, researchers can considering different class of topological
indices and determine their corresponding bounds for U-graph.
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