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variants via Reverse Sombor-Based Indices and Their

Polynomial Formulations

Abstract

Topological indices are widely used to describe the structural characteristics of graphs
through numerical values. In this work, several variants of quadrilateral snake graphs are
analyzed. For these graph classes, reverse degree-based indices including the reverse Som-
bor index, reverse Elliptic Sombor index, reverse Euler Sombor index, and reverse Harmonic
index are computed using edge partition techniques. In addition, the reverse Sombor polyno-
mial is formulated to provide a detailed description of the graph structure. Exlicit expressions
are obtained for each class of graphs, and corresponding numerical values are presented to
illustrate the results. The outcomes of this work contribute to the ongoing development of
topological indices and provide further insight into the strucrtural behavior of quadrilateral
snake graph models.
Keywords: Reverse Sombor index; Reverse Elliptic Sombor index; Reverse Euler Sombor
index; Reverse Harmonic index; Reverse Sombor polynomial; Quadrilateral snake graph;
Degree-based descriptors.

1 Introduction

Topological indices are numerical quantities that capture structural features of a graph by
considering how its vertices are connected [11, 17, 26]. Over the years, researches worldwide have
proposed numerous indices, each designed with particular goals and computational approaches in
mind. The measures play a significant role in Quantity Structure-Property Relationship (QSPR)
and Quantity Structure-Activity Relationship (QSAR) studies and have been widely applied in
areas such as environmental analysis, pharmaceutical sciences, drug development, and materials
engineering. In addition to these established applications, current research continues to iden-
tify new domains where such indices can offer valuable interpretations. Representing chemical
compounds as graphs allows researchers to estimate molecular properties without relying on
complex experimental procedures, thereby saving time, cost and effort [6, 12, 18, 29].

A foundational advancement in this field was achieved by Harold Wiener, who introduced the
wiener index, a concept that became central to chemical graph theory [20, 27]. This distance-
based index effectively relates molecular structures to physicochemical properties, including
boiling and melting points of alkanes. Although many new indices have since been introduced,
the wiener index continues to serve as an important benchmark for evaluating newly developed
descriptors. Building on this early contribution, a broad range of topological indices has been
formulated and applied across disciplines such as materials science, medicinal chemistry, and
pharmaceutical research [6, 7, 12, 13, 20, 27].
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In more recent developments, Ivan Gutman proposed the Sombor index in 2020 [9], which
quickly attached attention and has been extensively investigated in subsequent studies [4, 5,
22, 24, 25, 30]. This work led to the introduction of several related variants, including the
Sombor Polynomial, the Elliptic Sombor index [10], and the Euler Sombor index [15]. Inspired
by these advancements, researchers have further explored reverse degree-based adaptations of
Sombor-type indices, such as the reverse Euler sombor index, and examined their structural
properties across different classes of graphs[16]. In addition, the selection of reverse sombor-based
indices is justified due to their enhanced sensitivity in capturing structural variations compared
to traditional degree-based indices. These indices provide improved structural interpretation,
particularly for complex graph structures such as quadrilateral snake graphs. Snake graphs
have attracted attention for their structural importance in graph theory. P. Mahalank et al.
(2021) [19] studied Zagreb indices, while Bhairaba Kumar Majhi et al. (2024)[2] introduces
Revan indices and their polynomials. Chitra Ramaprakash (2024)[3] examined Total Coloring
of Snake Graphs and other Standard Graphs and Gerand Rozario Joseph et al. (2025)[7] focused
on Fibonacci prime labelling of snake graphs. More recently, Saranya K. M. and Manimekalai
S. (2025)[23] studied Revan Topological Indices of Quadrilateral Snake Graphs: Polynomial
Formulations, Python Implementation, and Applications. Motivated by existing studies on Re-
van topological indices of quadrilateral snake graphs, the present work extends the analysis by
focusing on reverse Sombor-based indices. While previous studies primarily addressed Revan
indices and their polynomial formulations, this works investigates the same classes of snake
graphs including quadrilateral, alternate quadrilateral, double quadrilateral, alternate double
quadrilateral and cycle quadrilateral snake graphs using reverse Sombor, reverse Euler Sombor,
reverse Elliptic Sombor, and reverse Harmonic indices. The novelty of this study lies in replacing
Revan-based descriptors with reverse Sombor-based indices, which provide enhanced sensitivity
and improved structural interpretation. In addition, the reverse Sombor polynomial is formu-
lated to provide a more detailed structural representation. The results show consistent growth
behavior with respect to graph parameters, highlighting stability and effectiveness of the pro-
posed indices. These findings contribute to the advancement of reverse degree-based topological
indices and provide a new perspective for analyzing complex graph structures.

2 Basic Notions and Reverse Sombor Indices

Let G = (V (G), E(G)) be a finite, simple, and connected graph with vertex set V (G) and
edge set E(G). The degree of a vertex x ∈ V (G) is denoted by dG(x), and the maximum degree
of G is written as ∆(G).

For each vertex x ∈ V (G), the reverse degree is defined by

cG(x) = ∆(G)− dG(x) + 1.

The reverse Sombor index of G is expressed as

RSO(G) =
∑

xy∈E(G)

√
cG(x)2 + cG(y)2.

The reverse Euler Sombor index [15] is given by

REUSO(G) =
∑

xy∈E(G)

√
cG(x)2 + cG(y)2 + cG(x)cG(y).

The reverse Elliptic Sombor index [10] is defined as

RESO(G) =
∑

xy∈E(G)

(cG(x) + cG(y))(
√

cG(x)2 + cG(y)2).
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The reverse Harmonic index is written as

RH(G) =
∑

xy∈E(G)

2

cG(x) + cG(y)
.

The reverse Sombor polynomial [1] of G is expressed as

RSO(G) =
∑

xy∈E(G)

1

cG(x)2 + cG(y)2
X[cG(x)2+cG(y)2].

Here, x and y denote the vertices of graph G, and X is a variable used to define the polynomial.

3 Results and Discussion

3.1 Quadrilateral Snake Graph

A Quadrilateral snake graph (QSn) is derived from a path v1, v2, v3, v4, ......, vn by connecting
new vertices ui and wi to vi and vi+1 respectively, and then connecting ui and wi see [23]. let n
denote the number of quadrilateral units in the graph. Hence, the Quadrilateral Snake Graph
(QSn) has |V | = 3n+ 1 vertices and |E| = 4n edges.

Figure 1: Quadrilateral Snake Graph. Adapted from[23]

Theorem 3.1. Let G be the Quadrilateral snake graph Q(Sn). Then

RSO(G) = 3
√
2(n+ 2) + 2

√
10n+

√
2(n− 2)

REUSO(G) = 3
√
3(n+ 2) + 2

√
13n+

√
3(n− 2)

RESO(G) = 18
√
2(n+ 2) + 8

√
10n+ 2

√
2(n− 2)

RH(G) =
n+ 2

3
+ 2(n− 1)

RSO(G,X) =
1

8(5n+ 4)
X8(5n+4)

Proof. Let G be the quadrilateral snake graph Q(Sn) with |V (G)| = 3n + 1 and |E(G)| = 4n.
The edge set can be partitioned as,

E1 = {xy ∈ E(G)|dG(x) = dG(y) = 2} , |E1| = n+ 2

E2 = {xy ∈ E(G)|dG(x) = 2, dG(y) = 4} , |E2| = 2n

E3 = {xy ∈ E(G)|dG(x) = dG(y) = 4} , |E3| = n− 2

Here ∆(G) = 4 and then, cG(x) = 5− dG(x)

CE1 = {xy ∈ E(G)|cG(x) = cG(y) = 3} , |CE1| = n+ 2

CE2 = {xy ∈ E(G)|cG(x) = 3, cG(y) = 1} , |CE2| = 2n

CE3 = {xy ∈ E(G)|cG(x) = cG(y) = 1} , |CE3| = n− 2
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Using the reverse edge partition of graph Q(Sn) and indices formula, we get

RSO(G) = (n+ 2)
√

32 + 32 + 2n
√

32 + 12 + (n− 2)
√
1 + 1

= 3
√
2(n+ 2) + 2

√
10n+

√
2(n− 2)

REUSO(G) = (n+ 2)
√

32 + 32 + 3.3 + 2n
√

32 + 12 + 3 + (n− 2)
√
1 + 1 + 1

= 3
√
3(n+ 2) + 2

√
13n+

√
3(n− 2)

RESO(G) = (n+ 2)(3 + 3)
√

32 + 32 + 2n(3 + 1)
√

32 + 12 + (n− 2)(1 + 1)
√
1 + 1

= 18
√
2(n+ 2) + 8

√
10n+ 2

√
2(n− 2)

RH(G) =
2(n+ 2)

3 + 3
+

2(2n)

3 + 1
+

2(n− 2)

1 + 1

=
n+ 2

3
+ 2(n− 1)

RSO(G,X) =
1

(n+ 2)(18) + 2n(10) + (n− 2)(2)
X [(n+2)(18)+2n(10)+(n−2)(2)]

=
1

8(5n+ 4)
X8(5n+4)

Example: For n = 2 in the Quadrilateral Snake Graph (QSn), we have |V | = 7 vertices
and |E| = 8 edges. Then, the indices are given by RSO(G) = 12

√
2 + 4

√
10, REUSO(G) =

12
√
3 + 4

√
13, RESO(G) = 72

√
2 + 16

√
10, RH(G) = 10

3 , and RSO(G,X) = 1
112X

112.

Figure 2: Quadrilateral snake graph (QS2). Adapted from[23]

Table 1: Comparison of RSO, REUSO, RESO, and RH of Quadrilateral snake graph (QSn).

n RSO(G) REUSO(G) RESO(G) RH(G)

1 17.6383 21.0675 98.8373 1
2 29.6197 35.2068 152.4198 3.3333
3 41.6011 49.3461 206.0023 5.6667
4 53.5825 63.4854 259.5848 8
5 65.5639 77.6247 313.1673 10.3333
6 77.5453 91.7640 366.7498 12.6667
7 89.5267 105.9033 420.3323 15
8 101.5081 120.0426 473.9148 17.3333
9 113.4895 134.1820 527.4973 19.6667
10 125.4709 148.3213 581.0798 22

3.2 Alternating Quadrilateral Snake Graph

An Alternate Quadrilateral snake graph is derived from a path v1, v2, v3, v4, ......, vn by con-
necting new vertices ui and wi to vi and vi+1(alternatively) respectively, and then connecting ui
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Figure 3: Comparison of RSO, REUSO, RESO, and RH of QSn.

and wi. It is denoted by AQSn see [23]. let n denote the number of alternating quadrilateral units
in the graph. Hence, the Alternating Quadrilateral Snake Graph (AQSn) has |V | = 4(n + 1)
vertices and |E| = 5n+ 4 edges.

Figure 4: Alternating Quadrilateral Snake Graph. Adapted from[23]

Theorem 3.2. Let G be the alternating quadrilateral snake graph (AQSn). Then

RSO(G) = 2
√
2(n+ 3) + 2

√
5(n+ 1) +

√
2(2n− 1)

REUSO(G) = 2
√
3(n+ 3) + 2

√
7(n+ 1) +

√
3(2n− 1)

RESO(G) = 8
√
2(n+ 3) + 6

√
5(n+ 1) + 2

√
2(2n− 1)

RH(G) =
n+ 3

2
+

4(n+ 1)

3
+ 2n− 1

RSO(G,X) =
1

2(11n+ 16)
X2(11n+16)

Proof. Let G be the quadrilateral snake graph AQ(Sn) with |V | = 4(n + 1) vertices and |E| =
5n+ 4 edges. The edge set can be partitioned as,

E1 = {xy ∈ E(G)|dG(x) = dG(y) = 2} , |E1| = n+ 3

E2 = {xy ∈ E(G)|dG(x) = 2, dG(y) = 3} , |E2| = 2(n+ 1)

E3 = {xy ∈ E(G)|dG(x) = dG(y) = 3} , |E3| = 2n− 1
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Here ∆(G) = 3 and then, cG(x) = 4− dG(x)

CE1 = {xy ∈ E(G)|cG(x) = cG(y) = 2} , |CE1| = n+ 3

CE2 = {xy ∈ E(G)|cG(x) = 2, cG(y) = 1} , |CE2| = 2(n+ 1)

CE3 = {xy ∈ E(G)|cG(x) = cG(y) = 1} , |CE3| = 2n− 1

Using the reverse edge partition of graph AQ(Sn) and indices formula, we get

RSO(G) = (n+ 3)
√
22 + 22 + 2(n+ 1)

√
22 + 1 + (2n− 1)

√
1 + 1

= 2
√
2(n+ 3) + 2

√
5(n+ 1) +

√
2(2n− 1)

REUSO(G) = (n+ 3)
√
22 + 22 + 2.2 + 2(n+ 1)

√
22 + 1 + 2.1 + (2n− 1)

√
1 + 1 + 1

= 2
√
3(n+ 3) + 2

√
7(n+ 1) +

√
3(2n− 1)

RESO(G) = (n+ 3)(2 + 2)
√

22 + 22 + 2(n+ 1)(2 + 1)
√

22 + 1 + (2n− 1)(1 + 1)
√
1 + 1

= 8
√
2(n+ 3) + 6

√
5(n+ 1) + 2

√
2(2n− 1)

RH(G) =
2(n+ 3)

4
+

4(n+ 1)

3
+

2(2n− 1)

2

=
n+ 3

2
+

4(n+ 1)

3
+ 2n− 1

RSO(G,X) =
1

(n+ 3)(8) + 2(n+ 1)(5) + (2n− 1)(2)
X [(n+3)(8)+2(n+1)(5)+(2n−1)(2)]

=
1

2(11n+ 16)
X2(11n+16)

Example: For n = 1 in the Alternating Quadrilateral Snake Graph (AQSn), we have
|V | = 8 vertices and |E| = 9 edges. Then, the indices are given by RSO(G) = 9

√
2 + 4

√
5,

REUSO(G) = 9
√
3+4

√
7, RESO(G) = 34

√
2+12

√
5, RH(G) = 17

3 , and RSO(G,X) = 1
54X

54.

Figure 5: Alternate Quadrilateral snake graph (AQS1). Adapted from[23]

3.3 Double Quadrilateral Snake Graph

A Double Quadrilateral snake graph consists of two quadrilateral snakes that have a common
path and is denoted by DQSn see [23]. let n denote the number of double quadrilateral units
in the graph. Hence, the Double Quadrilateral Snake Graph (DQSn) has |V | = 5n+ 1 vertices
and |E| = 7n edges.
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Table 2: Comparison of RSO, REUSO, RESO, and RH of Alternate Quadrilateral snake graph
(AQSn).

n RSO(G) REUSO(G) RESO(G) RH(G)

1 21.6722 26.1715 74.9161 5.6667
2 31.8012 38.3912 105.303 9.5
3 41.9302 50.6109 135.69 13.3333
4 52.0592 62.8306 166.077 17.1667
5 62.1882 75.0503 196.464 21
6 72.3171 87.27 226.8509 24.8333
7 82.4461 99.4897 257.2379 28.6667
8 92.5751 111.7094 287.6249 32.5
9 102.7041 123.9291 318.0118 36.3333
10 112.8331 136.1488 348.3988 40.1667

Figure 6: Comparison of RSO, REUSO, RESO, and RH of AQSn.

Figure 7: Double Quadrilateral Snake Graph. Adapted from[23]
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Theorem 3.3. Let G be the double quadrilateral snake graph. Then

RSO(G) = 10
√
2n+ 4

√
41 + 4

√
26(n− 1) + 2

√
17 + (n− 2)

√
2

REUSO(G) = 10
√
3n+ 4

√
61 + 4

√
31(n− 1) + 2

√
21 + (n− 2)

√
3

RESO(G) = 100
√
2n+ 36

√
41 + 24

√
26(n− 1) + 10

√
17 + 2

√
2(n− 2)

RH(G) =
2n

5
+

8

9
+

4(n− 1)

3
+

4

5
+ n− 2

RSO(G,X) =
1

2(103n+ 45)
X2(103n+45)

Proof. Let G be the double quadrilateral snake graph (DQSn) with |V | = 5n + 1 vertices and
|E| = 7n edges. The edge set can be partitioned as,

E1 = {xy ∈ E(G)|dG(x) = dG(y) = 2} , |E1| = 2n

E2 = {xy ∈ E(G)|dG(x) = 2, dG(y) = 3} , |E2| = 4

E3 = {xy ∈ E(G)|dG(x) = 2, dG(y) = 6} , |E3| = 4(n− 1)

E4 = {xy ∈ E(G)|dG(x) = 3, dG(y) = 6} , |E4| = 2

E5 = {xy ∈ E(G)|dG(x) = dG(y) = 6} , |E5| = n− 2

Here ∆(G) = 6 and then, cG(x) = 7− dG(x)

CE1 = {xy ∈ E(G)|cG(x) = cG(y) = 5} , |CE1| = 2n

CE2 = {xy ∈ E(G)|cG(x) = 5, cG(y) = 4} , |CE2| = 4

CE3 = {xy ∈ E(G)|cG(x) = 5, cG(y) = 1} , |CE3| = 4(n− 1)

CE4 = {xy ∈ E(G)|cG(x) = 4, cG(y) = 1} , |CE4| = 2

CE5 = {xy ∈ E(G)|cG(x) = cG(y) = 1} , |CE5| = n− 2

Using the reverse edge partition of graph DQ(Sn) and indices formula, we get

RSO(G) = 2n
√

52 + 52 + 4
√

52 + 42 + 4(n− 1)
√

52 + 1 + 2
√

42 + 1 + (n− 2)
√
1 + 1

= 10
√
2n+ 4

√
41 + 4

√
26(n− 1) + 2

√
17 + (n− 2)

√
2

REUSO(G) = 2n
√

52 + 52 + 5.5 + 4
√

52 + 42 + 5.4 + 4(n− 1)
√

52 + 1 + 5+

2
√

42 + 1 + 4 + (n− 2)
√
1 + 1 + 1

= 10
√
3n+ 4

√
61 + 4

√
31(n− 1) + 2

√
21 + (n− 2)

√
3

RESO(G) = 2n(5 + 5)
√

52 + 52 + 4(5 + 4)
√

52 + 42 + 4(n− 1)(5 + 1)
√

52 + 1+

2(4 + 1)
√

42 + 1 + (n− 2)(1 + 1)
√
1 + 1

= 100
√
2n+ 36

√
41 + 24

√
26(n− 1) + 10

√
17 + 2

√
2(n− 2)

RH(G) =
4n

5 + 5
+

2(4)

5 + 4
+

8(n− 1)

5 + 1
+

4

4 + 1
+

2(n− 2)

2

=
2n

5
+

8

9
+

4(n− 1)

3
+

4

5
+ n− 2

RSO(G,X) =
1

2n(50) + 4(41) + 4(n− 1)(26) + 2(17) + (n− 2)(2)
X [2n(50)+4(41)+4(n−1)(26)+2(17)+(n−2)(2)]

=
1

2(103n+ 45)
X2(103n+45)
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Example: For n = 3 in the Double Quadrilateral Snake Graph (DQSn), we have |V | = 16
vertices and |E| = 21 edges. Then, the indices are given by RSO(G) = 31

√
2 + 4

√
41 + 8

√
26 +

2
√
17, REUSO(G) = 30

√
3 + 4

√
61 + 8

√
31 + 2

√
21, RESO(G) = 302

√
2 + 36

√
41 + 48

√
26 +

10
√
17, RH(G) = 59

9 , and RSO(G,X) = 1
708X

708.

Figure 8: Double Quadrilateral snake graph (DQS3). Adapted from[23]

Table 3: Comparison of RSO, REUSO, RESO, and RH of Double Quadrilateral snake graph
(DQSn).

n RSO(G) REUSO(G) RESO(G) RH(G)

1 46.5866 55.9946 410.3365 1.0889
2 82.5391 97.3182 676.9627 3.8222
3 118.4915 138.6418 943.589 6.5556
4 154.4439 179.9655 1210.2152 9.2889
5 190.3963 221.2891 1476.8414 12.0222
6 226.3488 262.6127 1743.4677 14.7556
7 262.3012 303.9363 2010.094 17.4889
8 298.2536 345.2599 2276.7202 20.2222
9 334.206 386.5835 2543.3465 22.9556
10 370.1585 427.9072 2809.9727 25.6889

3.4 Alternating Double Quadrilateral Snake Graph

An Alternate Double Quadrilateral snake graph consists of two alternate quadrilateral snakes
that have a common path and is denoted by ADQSn see [23]. let n denote the number of
alternating double quadrilateral units in the graph. Hence, the Alternating Double Quadrilateral
Snake Graph (ADQSn) has |V | = 6(n+ 1) vertices and |E| = 8n+ 7 edges.

Theorem 3.4. Let G be the alternating double quadrilateral snake graph (ADQSn). Then

RSO(G) = 6
√
2(n+ 1) + 4

√
13 + 4

√
10n+ 2

√
5 + (2n− 1)

√
2

REUSO(G) = 6
√
3(n+ 1) + 4

√
19 + 4

√
13n+ 2

√
7 + (2n− 1)

√
3

RESO(G) = 36
√
2(n+ 1) + 20

√
13 + 16

√
10n+ 6

√
5 + 2

√
2(2n− 1)

RH(G) =
2(n+ 1)

3
+ 4n+

29

15

RSO(G,X) =
1

16(5n+ 6)
X16(5n+6)

Proof. Let G be the alternating double quadrilateral snake graph ADQ(Sn) with |V | = 6(n+1)
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Figure 9: Comparison of RSO, REUSO, RESO, and RH of DQSn.

Figure 10: Alternating Double Quadrilateral Snake Graph. Adapted from[23]
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vertices and |E| = 8n+ 7 edges. The edge set can be partitioned as,

E1 = {xy ∈ E(G)|dG(x) = dG(y) = 2} , |E1| = 2(n+ 1)

E2 = {xy ∈ E(G)|dG(x) = 2, dG(y) = 3} , |E2| = 4

E3 = {xy ∈ E(G)|dG(x) = 2, dG(y) = 4} , |E3| = 4n

E4 = {xy ∈ E(G)|dG(x) = 3, dG(y) = 4} , |E4| = 2

E5 = {xy ∈ E(G)|dG(x) = dG(y) = 4} , |E5| = 2n− 1

Here ∆(G) = 4 and then, cG(x) = 5− dG(x)

CE1 = {xy ∈ E(G)|cG(x) = cG(y) = 3} , |CE1| = 2(n+ 1)

CE2 = {xy ∈ E(G)|cG(x) = 3, cG(y) = 2} , |CE2| = 4

CE3 = {xy ∈ E(G)|cG(x) = 3, cG(y) = 1} , |CE3| = 4n

CE4 = {xy ∈ E(G)|cG(x) = 2, cG(y) = 1} , |CE4| = 2

CE5 = {xy ∈ E(G)|cG(x) = cG(y) = 1} , |CE5| = 2n− 1

Using the reverse edge partition of graph ADQ(Sn) and indices formula, we get

RSO(G) = 2(n+ 1)
√

32 + 32 + 4
√

32 + 22 + 4n
√

32 + 1 + 2
√

22 + 1 + (2n− 1)
√
1 + 1

= 6
√
2(n+ 1) + 4

√
13 + 4

√
10n+ 2

√
5 + (2n− 1)

√
2

REUSO(G) = 2(n+ 1)
√

32 + 32 + 3.3 + 4
√

32 + 22 + 3.2 + 4n
√

32 + 1 + 3+

2
√

22 + 1 + 2 + (2n− 1)
√
1 + 1 + 1

= 6
√
3(n+ 1) + 4

√
19 + 4

√
13n+ 2

√
7 + (2n− 1)

√
3

RESO(G) = 2(n+ 1)(3 + 3)
√

32 + 32 + 4(3 + 2)
√

32 + 22 + 4n(3 + 1)
√

32 + 1+

2(2 + 1)
√

22 + 1 + (2n− 1)(1 + 1)
√
1 + 1

= 36
√
2(n+ 1) + 20

√
13 + 16

√
10n+ 6

√
5 + 2

√
2(2n− 1)

RH(G) =
4(n+ 1)

3 + 3
+

2(4)

3 + 2
+

8n

3 + 1
+

4

2 + 1
+

2(2n− 1)

2

=
2(n+ 1)

3
+ 4n+

29

15

RSO(G,X) =
1

2(n+ 1)(18) + 4(13) + 4n(10) + 2(5) + (2n− 1)(2)
X [2(n+1)(18)+4(13)+4n(10)+2(5)+(2n−1)(2)]

=
1

16(5n+ 6)
X16(5n+6)

Example: For n = 1 in the Alternating Double Quadrilateral Snake Graph (ADQSn),
we have |V | = 12 vertices and |E| = 15 edges. Then, the indices are given by RSO(G) =
13

√
2+ 4

√
13+ 4

√
10+ 2

√
5, REUSO(G) = 13

√
3+ 4

√
19+ 4

√
13+ 2

√
7, RESO(G) = 74

√
2+

20
√
3 + 16

√
10 + 6

√
5, RH(G) = 109

15 , and RSO(G,X) = 1
176X

176.

3.5 Cycle Quadrilateral Snake Graph

A Cycle Quadrilateral snake graph is derived from a cycle v1, v2, v3, v4, ......, vn by connecting
new vertices ui and wi to vi and vi+1 respectively and then connecting ui and wi. It is denoted
by CQSn see [23]. let n denote the number of cycle quadrilateral units in the graph. Hence, the
Cycle Quadrilateral Snake Graph (CQSn) has |V | = 3n vertices and |E| = 4n edges.
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Figure 11: Alternate Double Quadrilateral snake graph (ADQS1). Adapted from[23]

Table 4: Comparison of RSO, REUSO, RESO, and RH of Alternate Double Quadrilateral
snake graph (ADQSn).

n RSO(G) REUSO(G) RESO(G) RH(G)

1 49.9282 59.6660 240.7757 7.2667
2 73.8910 87.9446 347.9405 11.9333
3 97.8539 116.2232 455.1056 16.6
4 121.8167 144.5018 562.2706 21.2667
5 145.7795 172.7804 669.4356 25.9333
6 169.7423 201.059 776.6006 30.6
7 193.7051 229.3376 883.7656 35.2667
8 217.668 257.6162 990.9306 39.9333
9 241.6308 285.8949 1098.0956 44.6
10 265.5936 314.1735 1205.2605 49.2667

Figure 12: Comparison of RSO, REUSO, RESO, and RH of ADQSn.
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Figure 13: Cycle Quadrilateral Snake Graph. Adapted from[23]

Theorem 3.5. Let G be the cycle quadrilateral snake graph (CQSn). Then

RSO(G) = 3
√
2n+ 2

√
10n+

√
2n

REUSO(G) = 3
√
3n+ 2

√
13n+

√
3n

RESO(G) = 18
√
2n+ 8

√
10n+ 2

√
2n

RH(G) =
7n

3

RSO(G,X) =
1

40n
X40n

Proof. Let G be the cycle quadrilateral snake graph (CQSn) with |V | = 3n vertices and |E| = 4n
edges. The edge set can be partitioned as,

E1 = {xy ∈ E(G)|dG(x) = dG(y) = 2} , |E1| = n

E2 = {xy ∈ E(G)|dG(x) = 2, dG(y) = 4} , |E2| = 2n

E3 = {xy ∈ E(G)|dG(x) = dG(y) = 4} , |E3| = n

Here ∆(G) = 4 and then, cG(x) = 5− dG(x)

CE1 = {xy ∈ E(G)|cG(x) = cG(y) = 3} , |CE1| = n

CE2 = {xy ∈ E(G)|cG(x) = 3, cG(y) = 1} , |CE2| = 2n

CE3 = {xy ∈ E(G)|cG(x) = cG(y) = 1} , |CE3| = n

13



Using the reverse edge partition of graph CQ(Sn) and indices formula, we get

RSO(G) = n
√

32 + 32 + 2n
√

32 + 12 + n
√
1 + 1

= 3
√
2n+ 2

√
10n+

√
2n

REUSO(G) = n
√

32 + 32 + 3.3 + 2n
√

32 + 12 + 3 + n
√
1 + 1 + 1

= 3
√
3n+ 2

√
13n+

√
3n

RESO(G) = n(3 + 3)
√

32 + 32 + 2n(3 + 1)
√

32 + 12 + n(1 + 1)
√
1 + 1

= 18
√
2n+ 8

√
10n+ 2

√
2n

RH(G) =
2n

3 + 3
+

2(2n)

3 + 1
+

2n

1 + 1

=
7n

3

RSO(G,X) =
1

18n+ 2n(10) + n(2)
X [18n+2n(10)+n(2)]

=
1

40n
X40n

Example: For n = 3 in the Cycle Quadrilateral Snake Graph (CQSn), we have |V | =
9 vertices and |E| = 12 edges. Then, the indices are given by RSO(G) = 12

√
2 + 6

√
10,

REUSO(G) = 12
√
3 + 6

√
13, RESO(G) = 60

√
2 + 24

√
10, RH(G) = 7, and RSO(G,X) =

1
120X

120.

v1

v2

v3

u1

w1

w3

u3

u2

w2

Figure 14: Cycle Quadrilateral Snake Graph CQS3

4 Conclusion

In this paper, we have studied multiple variants of quadrilateral snake graphs and derived
closed form expressions for several reverse degree-based topological indices. The reverse Sombor,
reverse Euler Sombor, reverse Elliptic Sombor, and reverse Harmonic indices were computed
systematically using edge partition methods. Furthermore, the reverse Sombor polynomial was
established for each graph class, providing an extended view of their structural properties. The
obtained results contribute to the theoretical development of reverse topological indices and may
support future studies in chemical graph theory, QSPR modeling, and related areas. The scope
of the present work is limited to specific snake graph structures, and further research may extend
these methods to graph structures and their applications. In particular, future work may focus
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Table 5: Comparison of RSO, REUSO, RESO, and RH of Cycle Quadrilateral snake graph
(CQSn).

n RSO(G) REUSO(G) RESO(G) RH(G)

1 11.9814 14.1393 53.5825 2.3333
2 23.9628 28.2786 107.165 4.6667
3 35.9442 42.4179 160.7475 7
4 47.9256 56.5572 214.33 9.3333
5 59.9070 70.6965 267.9125 11.6667
6 71.8885 84.8358 321.495 14
7 83.8699 98.9751 375.0774 16.3333
8 95.8513 113.1144 428.6599 18.6667
9 107.8327 127.2538 482.2424 21
10 119.8141 141.3931 535.8249 23.3333

Figure 15: Comparison of RSO, REUSO, RESO, and RH of CQSn.
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on incorporating fuzzy-based approaches into quadrilateral snake graph models, which could
provide a more flexible for handling uncertainty and enhance their applicability in real-world
systems.
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