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In this paper, we introduce the modified HDR-Sombor index, the HDR Sombor exponential
and the modified HDR Sombor exponential of a graph. We compute the modified HDR
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I. INTRODUCTION

Let G be a finite, simple, connected graph with vertex set
V(G) and edge set E(G). The degree dg(u) of a vertex u is
the number of vertices adjacent to u. We refer [1], for other
undefined notations and terminologies.

The HDR vertex degree of a vertex u in G is dnr(u) =
[{u,ve V(G)/ d(u, v)= [R/2], where d(u, v) is the distance
between the vertices u and v in V(G) and R is the radius of G
[2].

The HDR Zagreb index was introduced by Alsinai et
al. in [2], and it is defined as

HDRM,(G)= > [dy (W+d, (V)]
uveE(G)
Now we call this index as the first HDR Zagreb index.
In [3], Kulli introduced the second HDR Zagreb index of a
graph G and it is defined as
HDRM,(G)= > dy (wdy, (v).
uveE(G)
Recently, some HDR indices were studied, for example, in
[4, 5, 6].

The Sombor index was introduced by Gutman in [7] and
defined it as

S0G)= T dg ()P +dg (V).
uveE(G)

Recently, some Sombor indices were studied, for example,
in[8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21].

The HDR Somber index was introduced in [22] and
defined it as,

HDRSO(G)= 3 y/dy ()P +dy, ()2,
uveE(G)
We propose the HDR Sombor exponential of a graph
and it is defined as

HDRSO(G,x)= 3 x{ (W,
uveE(G)
We now define the modified HDR Sombor index of a
graph G as

THDRSO(G) = ) L :
WEEG) |y (u)? +ly (1)?

We also propose the modified HDR Sombor
exponential of a graph and it is defined as

1
MHDRSO(G,x)= 3 x VoW ()

uveE(G)
We put forward the HDR inverse sum indeg index of a
graph G and defined it as

ISI, (G)= > dpr (W) dp (V)

uveE(G) CIhr (u)+ dhr (V)

In this paper, we determine the modified HDR Sombor
index, the HDR Sombor exponential, the modified HDR
Sombor exponential of chloroquine, hydroxychloroguine
and remdesivir. We establish some properties of the HDR
Sombor index.

Il. RESULTS FOR CHLOROQUINE
Let G be the molecular structure of chloroquine. Clearly G
has 21 vertices and 23 edges, see Figure 1.
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Figure 1. Graph of chloroquine

In G, the edge set E(G) can be divided into five
partitions using HDR vertex degree of end vertices of each
edge as given in Table 1.
Table 1. Edge partition of G

dnr(u), dnr(v) \uv [1 E(G)

(2.3)

3.4

3.5)

3.3)

(4,4)

1.2

(1, 1)

Number of edges

N W NN O NN

In the following theorem, we determine the modified
HDR Sombor index of chloroquine.
Theorem 1. Let G be the molecular graph of chloroquine.

2 +Z+ 5 N 19 +i
J13 5 34 62 5
Proof: From definition and by using Table 1, we obtain

"HDRSO(G)= > =
weE(G) \/dhr (U)? +dy (V)

Then "HDRSO(G) =

2 1 .5 . 2
V2243 32442 P52 213
2 3 2

it P BT
= 2 +Z+ > +19+i.
V13 5 34 6J2 5
We compute the HDR Sombor and modified HDR
Sombor exponentials of chloroquine.

Theorem 2. Let G be the molecular graph of chloroquine.
Then

() HDRSO(G,x)=2x" 4 7x5 + 5x/3

_ 2)(\/22+32 + 7XJ:¥+42 4 5)(J32+52 + 2XJ32+32
oxV¥ £ s

N +5x*/_ 4 2x3V2 4 ox2 3B oy 2.
(ii) Using definition and using Table 1, we obtain

1
Z X\/dhr(u)Zerh,(v)2
uveE(G)

1 1 1 1
:2XJ22+32 +7XJ32+42 +5X\/32+52 +2X«/32+32

+3x +2x

™HDRSO(G, )

1 1 1
12X Vo8 gy a2 oy
1 1 1 1
—2xV13 | 7x5 1 5xV34 4 2x3V2
1 1 1
$2xW2 13¢5 oxV2

I1l. RESULTS FOR HYDROXYCHLOROQUINE
Let H be the graph of hydroxychloroquine and it has 22
vertices and 24 edges, see Figure 2.
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Figure 2. Graph of hydroxychloroquine

The edge set of H can be divided into nine partitions using
HDR vertex degree of end vertices of each edge as given in
Table 2.

Table 2. Edge partition of H
dnr(u), dnr(v) \uv [ E(H)
(2,3)

3.3)
3. 4)
3.5)
(4,4)
1,3)
1,2
(2,2
(1,1)

Number of edges

P NN EFEP NN W

In Theorem 3, we determine the modified HDR

+2x3’f N 2x4*/— +3XJ— N 2X‘/§. Sombor index of hydroxychloroquine.
1 1 1 Theorem 3. Let H be the molecular graph of
(i) ™HDRSO(G,x)==2x"13 1+ 7x5 +5x3* hydroxychloroquine. Then
1 7 5 1 2 7
1 1 1 1 m
- = L < HDRSO(H)=—+—+—+—+——+——.
+2x32 1 2x 42 4 3x5 4 2x32, J13 5 34 10 B 22
Proof: (i) Using definition and using Table 1, we have Proof: From definition and by using Table 2, we obtain
HDRSO(G,x)= 3 Vet +dv) "HDRSO(H) = =
UVEE(G) uveE(H) \/dhr (U)Z +dhr (V)2
2818 | V. R. Kulli, IJMCR Volume 10 Issue 07 July 2022



“HDR Somber Indices and Their Exponentials of a Graph”

1 .8 1 .5
V22432 32432 (32442 (32452
2 1 2

Va2 442 (12432 12422

2 1

+ +
\/22+22 \/12 +12
:1+Z+5+1+£+L
Vi3 5 34 V10 5 22
We compute the HDR Sombor and modified HDR
Sombor exponentials of hydroxychloroquine.

Theorem 4. Let H be the molecular graph of
hydroxychloroquine. Then

(i) HDRSO(H,x)=1x

12x42 L1010 oy B | oy L1yl
1 1 1 1
(i) ™HDRSO(H,x)=1x"13 +3x3V2 1+ 7x5 4+ 5xV3*
1 1 1 1 1
+2xM2 1 1xV10 4 ox VB 4 ox2V2 | 1x2
Proof: (i) From definition and using Table 2, we get

HDRSO(H,x)= 3 xlen (0"

uveE(H)

I3 | 3y 32 4 745 4 5y 34

2 2 2 2 2 2 2 2 2 2
:1XJ2 +3 +3xJ3 +3 +7X\/3 4 +5X‘/3 5 2x\/4 +4
2 2 2 2 2 2 2 2

+1X\/1 +3 + 2X\/1 +2 + 2X'\/2 +2 +1X\/1 +1

—1x 13 4 3x3V2 1 7x5 5y V34 | oy 2
10 oy B ox2V2 | 1y

(ii) Using definition and Table 2, we obtain
1

2 X\/dm(u)zﬁ—dh,(v)2

uveE(H)
1 1 1
_ :I_X«/22+32 + 3)(«/324—32 + 7)(\/324—42

"HDRSO(H, x) =

1 1 1
HEXVF S | oy |y

1 1 1
+2x V2" 4 oy N22t | gy VI
1 1 1 1 1
—1xV13 1 3x3V2 1 7x5 £ 5xV34 4 ox 42
1 1 1 1

+1xE + 2xE + ZXE +1xﬁ.

IV. RESULTS FOR REMDESIVIR
Let R be the molecular structure of remdesivir. Clearly R has
41 vertices and 44 edges, see Figure 3.

Figure 3. Graph of remdesivir

In R, the edge set of R can be divided into 12
partitions using HDR vertex degree of end vertices of each
edge as given in Table 3.
Table 3. Edge partition of R

dnr(u), dnr(v) \uv [ E(R)
(1.2
(1.3)
22
(2,3)
(3.3)
(3,9)
(3.4)
(4,9)
(5,9)
(5. 6)
5.7
(6,7)

Number of edges

P RPN WADNWDNOON G

In Theorem 5, we determine the modified HDR
Sombor index of remdesivir.

Theorem 5. Let R be the molecular graph of remdesivir.
Then

7 5 44 8 3
MHDRSO(R) = — +
50 1592 i3 Va4
+ﬂ 4 2 1 1

ﬁ
[uN
H
~l

NGNS

Proof: From definition and by using Table 3, we obtain
1

WeER) \fdy, (W) +dy, (V)2
7 5 2 8
= + + +
V2422 2132 22422 2243
4 3 4 4
+ + + +
N R N N
8 2 1 1
V52 +57 57462 52477 67472
5 4 8 3

7
=—+ + + +
J5 10 152 13 34

MHDRSO(R) =
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+ﬂ+ 4 + 2 + ! + !
5 Va1 ol 74 85
We compute the HDR Sombor and modified HDR
Sombor exponentials of remdesivir.

Theorem 6. Let R be the molecular graph of remdesivir.
Then
(i) HDRSO(R,x)

= 7x0 4 5x 10 4 ox2V2 | gy I3 | 432 | 334

VAL | 3 57 | oy B, 1T, 1B

+2XV77 + 1Y +1x

1 1 1 1
(i) ™HDRSO(R,x)=7x"5 +5x"10 4 2x2V2 | gx 13
T T A
+4x3V2 4 3x 34 4 4x5 4 ax A
I S S
+3X5V2 4 2xBL x4 1 1xB5

Proof: (i) From definition and using Table 3, we get

HDRSO(R,X)= 3 ol W, (07

uveE(R)

+4X° +4xV* 4 3x

_ 7)(\/12+22 4 5XJ12 < 2)(\/22+22 4 8X“/22+32

+4x V3 | 3xV3HET | gy V3 gyl

_’_3)(\/52-#52 _|_2X\/52+62 +1X\/52+62 +1X\/62+72
=7x 450 4 o2V | gy V13 | 4x3V2 4 3¢ V34
14X 4 4x 4 3x5V2 | oy BL | VT | 1y B5
(i) Using definition and Table 3, we obtain
1
MHDRSO(R,x)= 3 Vi) s’
uveE(R)
1 1 1 1

:7)(x/'12+22 +5XJ12+32 _|_2X«/22+22 +8X‘/22+32
1 1 1 1
HAXNTHE | 3y | gy\Ba | gy aes

1 1 1 1
_,_3)(\1'52+52 _|_2X\/52+62 +1XJ52+72 +1X“/62+72

1 1 1 1 1 1
= 7x£ +5xﬁ +2x22 +8xﬁ +4x32 +3xﬁ
1 1 1 1 1 1

+4X5 + 4 VAT 1 3x5VZ 4 2x VBT 4 1xV74 1 1x\BS

V. MATHEMATICAL PROPERTIES OF THE HDR

SOMBOR INDEX

Theorem 7. Let G be a nontrivial connected graph. Then
HDRSO(G) <HDRM, (G).

Proof: For any positive numbers a and b,

Ja+b<a+bh.

Applying  the  above inequality, we obtain

> \/dhr(u)2+dhr(v)2< > (dp (W +dy, ().

uveE(G) uveE(G)
Thus

HDRSO(G) <HDRM, (G).
Theorem 8. Let G be a connected graph. Then
HDRM, (G) - 2ISI, (G) < HDRSO(G)

<«2HDRM, (G) - 272151, (G).
The upper bound holds if and only if G is regular.
Proof: For any two numbers a, b>0, we have

a?+b? <(a+b)’a+b<2(a?+b?).

Thus +a?+b% <a+b<+/2+va?+b?

and
(dpy (W) +dy, (V))?
= \/dhr ()? +d,, (v) \/dhr (u)? +d,, (v)°
+2dy, (W dy, (V).
Thus (e (W) +dyy (V) )

<(dpr W)+ dy (W) )dyy (W2 4y (v)
+2d,, (Wd,, (v).
Hence (dp, (u)+dy, (V)

< \/dhr () +dp, (V) +

By the definitions, we have
HDRM, (G) < HDRSO(G) + 2ISI,, (G).
Also we have

%(dhr (U)+ dyy (V) ) dyr (W 4y, (v)?

+2dp, (w)dp, (V) <(dp, (u)+dy, (v))z.

2\/§dhr (u)dhr (v)
dp, (W +d,, (V)
<\2(dp, (W) +dy, (V).
By the definitions, we have
HDRSO(G) +2+/21SI, (G) <~/2HDRM, (G).

The equality in the above inequality holds if and only if G is
regular.

2d,, (wd,, (v)
dp, (W) +dy, (V)

Thus +/dy, ()2 + dy (V)7 +

VI. CONCLUSION

In this paper, we have introduced the modified HDR-
Sombor index and the modified HDR Sombor exponential
of a graph. We have computed the modified HDR Sombor
index, the HDR Sombor exponential, the modified HDR
Sombor exponential of chloroquine, hydroxychloroguine
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and remdesivir. Also we have obtained some properties of
the HDR Sombor index.

14.

V.R.Kulli and I.Gutman, Revan Sombor index,
Journal of Mathematics and Informatics, 22 (2022)
23-217.
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