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Elegant Labeling of the Lotus Graph and Its Variations

Faliza Hanifatul Husna1, Desi Rahmadani1,∗

1Department of Mathematics, Universitas Negeri Malang, Malang, 65145, Indonesia

ABSTRACT. An elegant labeling f of a graph G(V,E) with |E(G)| = q is an injective function f : V (G) →
{0, 1, 2, . . . , q} such that each edge xy inE(G) is assigned the induced label f∗(xy) = (f(x)+f(y)) mod (q+
1), where all resulting edge labels are distinct and non-zero. A graph that admits an elegant labeling is called an
elegant graph. Research on elegant labelings has been extensively conducted on simple graph classes such as cycle
graphs and star graphs. However, for more complex graph structures like the lotus graph, studies on elegant labelings
remain unavailable. The lotus graph possesses a unique symmetrical characteristic, systematically constructed from a
combination of cycles and a high-degree central vertex. This symmetrical structure presents a distinct mathematical
challenge to ensure that the labeling criteria are satisfied. A lotus graph visually resembles a blooming lotus petal,
a distinctive structure that mathematically can only be fully realized if it meets the lower bound of p ≥ 3. This
study aims to demonstrate that the lotus graph L(p) and its two variations, namely the graph L∗(p) and the graph
L(p, p), are elegant graphs for any p ≥ 3. These two variations of the lotus graph are obtained through the deletion
of pendant vertices for L∗(p) and the addition of pendant vertices for L(p, p). An exploration patterns is conducted
on several simpler lotus graphs, which are subsequently generalized for p ≥ 3, while the analytical method is utilized
for formal mathematical verification. The results show that the lotus graph L(p) and its two structural variations,
L∗(p) and L(p, p), are elegant graphs for any p ≥ 3. The findings of this research are expected to expand the
scope of study on graph classes that admit elegant labelings and serve as a foundation for future advanced studies
regarding other structural graph variations.

This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution-NonComercial 4.0 International License. Editorial of JJoM: Department of Mathematics, Uni-
versitas Negeri Gorontalo, Jln. Prof. Dr. Ing. B. J. Habibie, Bone Bolango 96554, Indonesia.

1. Introduction

A graphG, commonly denoted byG(V,E), is defined as an
ordered pair of sets (V,E), whereV denotes the vertex set andE
denotes the edge set [1]. The shell graph, denoted byC(p, p−3)
for p ≥ 3, is constructed from the cycle Cp by adding (p − 3)
chords, that is, edges connecting two vertices of the cycle but
not belonging to the cycle itself, that share a common endpoint
called the apex. The fan graphFn is isomorphic to the shell graph
C(n + 1, n − 2). The lotus graph L(p) is constructed from the
shell graph C(p+ 1, p − 2) for p ≥ 3 by adding one new vertex
between each pair of adjacent vertices on its cycle and adding one
edge incident to the apex [2]. The structure of the lotus graph
L(p) is shown in Figure 1. An edge incident to the apex whose
other endpoint has degree one is called a pendant edge, while
the vertex of degree one is called a pendant vertex.

Graph labeling is one of the interesting topics in graph the-
ory. Research on graph labeling has developed rapidly since var-
ious types of labeling were introduced in the 1960s. Graph la-
beling is an assignment of labels, which are elements of a set,
to the elements of G, usually to the vertices or edges, or both,
of G [1]. Several types of graph labeling have been introduced,
including prime, harmonious, elegant, and graceful labeling. Re-
search on graph labeling, particularly harmonious labeling and
its variations, has been conducted on various classes of graphs,

∗Corresponding Author.

Check for updatesResearch Article

Jambura Journal of Mathematics, Volume 8, Issue 2, Pages 257–264, August 2026 https://doi.org/10.37905/jjom.v8i2.39844

ARTICLE HISTORY
Received 16 June 2026
Revised 5 August 2026

Accepted 11 August 2026
Published 19 August 2026

KEYWORDS
Elegant Labeling

Lotus Graph
Lotus Graph Variations

Labeling Patterns

Figure 1. The lotus graph L(p).

including wheel graphsWn [3], snake graphs [4], helm graphs [5],
sehati graphs [6], triangular ribbon ladder graphs [7], alternating
heart graphs [8], and unions of double string graphs [9].

In 1980, Graham and Sloane introduced harmonious label-
ing, which subsequently provided a basis for the development of
various new labeling schemes, including elegant labeling. An el-
egant labeling f of a graph G with |E(G)| = q is an injective
function f from the vertex set V (G) to the set {0, 1, 2, . . . , q}
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such that every edge xy ∈ E(G) is assigned the label

f(xy) = (f(x) + f(y)) (mod q + 1),

and all resulting edge labels are distinct and nonzero [10]. The
injectivity condition on the vertex labeling ensures that distinct
vertices receive unique labels from {0, 1, . . . , q}. The condition
on the edge labeling ensures that no two edges receive the same
label and that no edge is assigned the label zero. A graph that
admits an elegant labeling is called an elegant graph.

Gallian [10] reported that elegant labeling has been estab-
lished for several basic graphs, including path graphs Pn, cycle
graphs Cn, fan graphs Fn, and bistar graphs Bn,n. The elegant
property has also been established for graphs obtained from the
join operation Sm+Sn and the product C3×Pm [11], as well as
for other graph classes such as fuzzy star graphs [12], diamond
ladder graphs [13], sunlet graphs Sn, and helm graphs Hn [14].
The exploration of elegant labeling was extended to classes of
line graphs by Shigehalli et al. [15] and Lakshmi et al. [16], and
was further developed by Su et al. [17] for large-scale tree graphs,
as well as through the concept of elegant fuzzy labeling by Nithya
Sree et al. [18].

The lotus graph has a unique symmetric structure that is
systematically formed from a combination of a cycle and a high-
degree central vertex. Previous studies on lotus graphs have been
limited to the analysis of automorphism properties [2], the rain-
bow connection number [19], and other types of labeling, includ-
ing odd harmonious, graceful, and felicitous labeling [20]. Al-
though elegant labeling has been investigated for various classes
of graphs, its application to lotus graphs remains an open prob-
lem. Therefore, this study focuses on elegant labeling of lotus
graphs. Visually, the lotus graph resembles the petals of a bloom-
ing lotus flower, and this characteristic structure is fully formed
mathematically when the lower bound p ≥ 3 is satisfied.

This study investigates not only the lotus graph L(p) but
also two classes of its variations, namelyL∗(p) andL(p, p). Lotus
graph variation I, denoted by L∗(p), is obtained from the lotus
graph L(p) by removing the pendant vertex. The structure of lo-
tus graph variation IL∗(p) is shown in Figure 2. Meanwhile, lotus
graph variation II, denoted by L(p, p), is obtained from the lotus
graph L(p) by connecting the pendant vertex to p new vertices.
The structure of lotus graph variation II L(p, p) is illustrated in
Figure 3.

Figure 2. Lotus graph variation I L∗(p).

The mathematical challenge in this study arises from the
structure of the lotus graph, which is more complex than that of

Figure 3. Lotus graph variation II L(p, p).

the shell graph from which it is constructed. Consequently, sat-
isfying the elegant labeling requirement that the modulo-based
edge labels must be unique and nonzero becomes more difficult.
Therefore, this study aims to analytically prove that the lotus
graph L(p) and its two structural variations, L∗(p) and L(p, p),
are elegant graphs for every p ≥ 3.

2. Method

This study investigates elegant labeling on the lotus graph
L(p) and two classes of its variations, namely L∗(p) and L(p, p),
using pattern exploration and analytical methods. The pattern
exploration method is used to obtain valid labeling patterns.
Meanwhile, the analytical method is selected as the main ap-
proach because the sizes of the lotus graph and its variations
form infinite graph families. Therefore, the analytical approach
is used to mathematically prove that the proposed labeling sat-
isfies the conditions of elegant labeling for all parameter values
p ≥ 3.

The research procedures are carried out systematically
through the following steps:

1. Conduct a literature review on the concept of elegant label-
ing and the characteristics of lotus graphs based on relevant
previous studies.

2. Explore labeling patterns on several specific lotus graphs Lp

for selected values of p.
3. Identify the labeling patterns obtained from the previous ex-

ploration and generalize them for every p ≥ 3 using the
parameter variable p and the index i.

4. Validate the results through mathematical proofs to ensure
that the obtained labeling satisfies all conditions of an el-
egant graph. The injectivity of the vertex-labeling function
and the uniqueness of the edge labels are verified using di-
rect proof to guarantee distinct labels for every element. In
particular, for the edge-labeling verification, odd–even par-
ity analysis is applied by separating the cases for odd and
even values of p.
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3. Results and Discussion
This section presents the construction and proof that the

lotus graph and its variations are elegant graphs. The results are
presented in Theorem 1, Theorem 2, and Theorem 3.

Theorem 1. The lotus graph L(p) is an elegant graph for p ≥ 3.

Proof. Let the lotus graph L(p) have the vertex set

V (L(p)) = {a0, a1, a2, . . . , ap+1} ∪ {b1, b2, . . . , bp} ∪ {c},

and the edge set

E(L(p)) = {a0ai | i = 1, 2, . . . , p+ 1}
∪ {aibi, ai+1bi | i = 1, 2, . . . , p}
∪ {a0c},

with the number of edges

q = 3p+ 2.

Define a vertex labeling

f : V (L(p)) → {0, 1, 2, . . . , 3p+ 2}.

Through the pattern exploration method, a vertex labeling sat-
isfying the conditions of elegant labeling on L(p) is defined as
follows:

f(v) =


2p− i+ 3, for v = ai, 0 ≤ i ≤ p+ 1,

p− i+ 1, for v = bi, 1 ≤ i ≤ p,

p+ 1, for v = c.

(1)

First, it is proved that f is injective, that is, every distinct
vertex has a unique label. Let u, v ∈ V (L(p)) be any two distinct
vertices. The proof is carried out by considering the following
cases:
• Case 1: If u = ai and v = aj , then

2p− i+ 3 ̸= 2p− j + 3.

Since ai ̸= aj , it follows that f(ai) ̸= f(aj).
• Case 2: If u = bi and v = bj , then

p− i+ 1 ̸= p− j + 1,

and hence f(bi) ̸= f(bj).
• Case 3: If u and v belong to different vertex groups, the

labels of the vertices bi lie in the range

1 ≤ f(bi) ≤ p,

the central vertex has label

f(c) = p+ 1,

and the labels of the vertices ai lie in the range

p+ 2 ≤ f(ai) ≤ 2p+ 3.

Therefore, the vertex labels from different groups are dis-
tinct.

Based on all these cases, for every u ̸= v, we have f(u) ̸=
f(v). Thus, the vertex-labeling function f is injective.

From the defined vertex labeling, the induced edge labeling

f∗ : E(L(p)) → {1, 2, . . . , 3p+ 2}

is given by

f∗(xy) = (f(x) + f(y)) (mod 3p+ 3),

for every xy ∈ E(L(p)). Based on algebraic simplification of the
modulo operation, the edge-labeling function can be expressed
as

f∗(e) =


1, for e = a0c,

(p− i+ 3) (mod 3p+ 3), for e = a0ai, 1 ≤ i ≤ p+ 1,

(3p− 2i+ 4) (mod 3p+ 3), for e = aibi, 1 ≤ i ≤ p,

(3p− 2i+ 3) (mod 3p+ 3), for e = ai+1bi, 1 ≤ i ≤ p.

(2)
Next, it is proved that the edge labeling f∗ is injective. Let

e1, e2 ∈ E(L(p)) be any two distinct edges. The proof is carried
out by considering the following cases:
• Case 1: Both edges belong to the same component group.

– For e1 = a0ai and e2 = a0aj , we have

p− i+ 3 ̸= p− j + 3,

and therefore

f∗(a0ai) ̸= f∗(a0aj).

– For e1 = aibi and e2 = ajbj , we have

3p− 2i+ 4 ̸= 3p− 2j + 4,

and therefore

f∗(aibi) ̸= f∗(ajbj).

– For e1 = ai+1bi and e2 = aj+1bj , we have

3p− 2i+ 3 ̸= 3p− 2j + 3,

and therefore

f∗(ai+1bi) ̸= f∗(aj+1bj).

• Case 2: The two edges belong to different component
groups.

– The edge a0c has the unique label 1. Furthermore, the
labels f∗(a0ai) lie in the range

2 ≤ f∗(a0ai) ≤ p+ 2,

whereas the edge group {ajbj , aj+1bj} has labels in
the range

p+ 3 ≤ f∗(e2) ≤ 3p+ 2.

Thus, f∗(e1) ̸= f∗(e2), and the edge labels are dis-
tinct.
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– Consider e1 = aibi and e2 = aj+1bj . Both edge
groups have labels in the same range,

p+ 3 ≤ f∗(e) ≤ 3p+ 2.

Since these groups share an overlapping range, par-
ity analysis is used to verify label uniqueness based on
whether p is odd or even. If p is even, then 3p is even,
so

f∗(aibi) = 3p− 2i+ 4

is always even, whereas

f∗(aj+1bj) = 3p− 2j + 3

is always odd. If p is odd, these parity conditions are
reversed. The difference in parity guarantees that the
values of the two component functions can never be
equal within this range. Therefore,

f∗(aibi) ̸= f∗(aj+1bj).

Based on all these cases, for every e1 ̸= e2, we have

f∗(e1) ̸= f∗(e2).

Thus, the edge-labeling function f∗ is injective. Since the small-
est edge-label value is 1, no edge label is equal to zero. This
completes the proof that the lotus graph L(p) is an elegant
graph.

An elegant labeling of the lotus graph L(5) is shown in Fig-
ure 4.

Figure 4. Elegant labeling of the lotus graph L(5).

Theorem 2. Lotus graph variation I L∗(p) is an elegant graph
for p ≥ 3.

Proof. Let lotus graph variation I L∗(p) have the vertex set

V (L∗(p)) = {a0, a1, a2, . . . , ap+1} ∪ {b1, b2, . . . , bp}

and the edge set

E(L∗(p)) = {a0ai | i = 1, 2, . . . , p+ 1}

∪ {aibi, ai+1bi | i = 1, 2, . . . , p},

with the number of edges

q = 3p+ 1.

Define a vertex labeling

f : V (L∗(p)) → {0, 1, 2, . . . , 3p+ 1}.

Through the pattern exploration method, a vertex labeling sat-
isfying the conditions of elegant labeling on L∗(p) is defined as
follows:

f(v) =

{
2p− i+ 2, for v = ai, 0 ≤ i ≤ p+ 1,

p− i+ 1, for v = bi, 1 ≤ i ≤ p.
(3)

First, it is proved that f is injective, that is, every distinct
vertex has a unique label. Let u, v ∈ V (L∗(p)) be any two dis-
tinct vertices. The proof is carried out by considering the follow-
ing cases:
• Case 1: If u = ai and v = aj , then

2p− i+ 2 ̸= 2p− j + 2.

Since ai ̸= aj , it follows that f(ai) ̸= f(aj).
• Case 2: If u = bi and v = bj , then

p− i+ 1 ̸= p− j + 1,

and hence f(bi) ̸= f(bj).
• Case 3: If u and v belong to different vertex groups, the

labels of the vertices bi lie in the range

1 ≤ f(bi) ≤ p,

whereas the labels of the vertices ai lie in the range

p+ 1 ≤ f(ai) ≤ 2p+ 2.

Therefore, the vertex labels from different groups are dis-
tinct.
Based on all these cases, for every u ̸= v, we have f(u) ̸=

f(v). Thus, the vertex-labeling function f is injective.
From the defined vertex labeling, the induced edge labeling

f∗ : E(L∗(p)) → {1, 2, . . . , 3p+ 1}

is given by

f∗(xy) = (f(x) + f(y)) (mod 3p+ 2),

for every xy ∈ E(L∗(p)). Based on algebraic simplification
of the modulo operation, the edge-labeling function can be ex-
pressed as

f∗(e) =


(p− i+ 2) (mod 3p+ 2), for e = a0ai, 1 ≤ i ≤ p+ 1,

(3p− 2i+ 3) (mod 3p+ 2), for e = aibi, 1 ≤ i ≤ p,

(3p− 2i+ 2) (mod 3p+ 2), for e = ai+1bi, 1 ≤ i ≤ p.

(4)
Next, it is proved that the edge labeling f∗ is injective. Let

e1, e2 ∈ E(L∗(p)) be any two distinct edges. The proof is carried
out by considering the following cases:
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• Case 1: Both edges belong to the same component group.
– For e1 = a0ai and e2 = a0aj , we have

p− i+ 2 ̸= p− j + 2,

and therefore

f∗(a0ai) ̸= f∗(a0aj).

– For e1 = aibi and e2 = ajbj , we have

3p− 2i+ 3 ̸= 3p− 2j + 3,

and therefore

f∗(aibi) ̸= f∗(ajbj).

– For e1 = ai+1bi and e2 = aj+1bj , we have

3p− 2i+ 2 ̸= 3p− 2j + 2,

and therefore

f∗(ai+1bi) ̸= f∗(aj+1bj).

• Case 2: The two edges belong to different component
groups.

– The labels f∗(a0ai) lie in the range

1 ≤ f∗(a0ai) ≤ p+ 1,

whereas the edge group {ajbj , aj+1bj} has labels in
the range

p+ 2 ≤ f∗(e2) ≤ 3p+ 1.

Thus, f∗(e1) ̸= f∗(e2), and the edge labels are dis-
tinct.

– Consider e1 = aibi and e2 = aj+1bj . Both edge
groups have labels in the same range,

p+ 2 ≤ f∗(e) ≤ 3p+ 1.

Since these groups share an overlapping range, par-
ity analysis is used to verify label uniqueness based on
whether p is odd or even. If p is even, then 3p is even,
so

f∗(aibi) = 3p− 2i+ 3

is always odd, whereas

f∗(aj+1bj) = 3p− 2j + 2

is always even. If p is odd, these parity conditions are
reversed. The difference in parity guarantees that the
values of the two component functions can never be
equal within this range. Therefore,

f∗(aibi) ̸= f∗(aj+1bj).

Based on all these cases, for every e1 ̸= e2, we have

f∗(e1) ̸= f∗(e2).

Thus, the edge-labeling function f∗ is injective. Since the small-
est edge-label value is 1, no edge label is equal to zero. This
completes the proof that lotus graph variation I L∗(p) is an ele-
gant graph.

An elegant labeling of lotus graph variation I L∗(5) is
shown in Figure 5.

Figure 5. Elegant labeling of lotus graph variation I L∗(5).

Theorem 3. Lotus graph variation II L(p, p) is an elegant graph
for p ≥ 3.

Proof. Let lotus graph variation II L(p, p) have the vertex set

V (L(p, p)) = {a0, a1, a2, . . . , ap+1}
∪ {b1, b2, . . . , bp}
∪ {c0, c1, c2, . . . , cp}

and the edge set

E(L(p, p)) = {a0ai | i = 1, 2, . . . , p+ 1}
∪ {aibi, ai+1bi, c0ci | i = 1, 2, . . . , p}
∪ {a0c0},

with the number of edges

q = 4p+ 2.

Define a vertex labeling

f : V (L(p, p)) → {0, 1, 2, . . . , 4p+ 2}.

Through the pattern exploration method, a vertex labeling satis-
fying the conditions of elegant labeling on L(p, p) is defined as
follows:

f(v) =


3p− i+ 3, for v = ai, 0 ≤ i ≤ p+ 1,

p− i+ 1, for v = bi, 1 ≤ i ≤ p,

p+ 1, for v = c0,

(3p+ i+ 3) (mod 4p+ 3), for v = ci, 1 ≤ i ≤ p.

(5)
First, it is proved that f is injective, that is, every distinct

vertex has a unique label. Let u, v ∈ V (L(p, p)) be any two dis-
tinct vertices. The proof is carried out by considering the follow-
ing cases:
• Case 1: If u = ai and v = aj , then

3p− i+ 3 ̸= 3p− j + 3.

Since ai ̸= aj , it follows that f(ai) ̸= f(aj).
• Case 2: If u = bi and v = bj , then

p− i+ 1 ̸= p− j + 1,

and hence f(bi) ̸= f(bj).
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• Case 3: If u = ci and v = cj with 1 ≤ i, j ≤ p, then

(3p+ i+3) (mod 4p+3) ̸= (3p+ j+3) (mod 4p+3),

and hence f(ci) ̸= f(cj).
• Case 4: If u and v belong to different vertex groups, the

labels of the vertices bi lie in the range

1 ≤ f(bi) ≤ p,

the central vertex has label

f(c0) = p+ 1,

the labels of the vertices ai lie in the range

2p+ 2 ≤ f(ai) ≤ 3p+ 3,

and the labels of the vertices ci lie in the set

{3p+ 4, 3p+ 5, . . . , 4p+ 2} ∪ {0}.

Therefore, the vertex labels from different groups are dis-
tinct.
Based on all these cases, for every u ̸= v, we have f(u) ̸=

f(v). Thus, the vertex-labeling function f is injective.
From the defined vertex labeling, the induced edge labeling

f∗ : E(L(p, p)) → {1, 2, . . . , 4p+ 2}

is given by

f∗(xy) = (f(x) + f(y)) (mod 4p+ 3),

for every xy ∈ E(L(p, p)). Based on algebraic simplification
of the modulo operation, the edge-labeling function can be ex-
pressed as

f∗(e) =



1, for e = a0c0,

(2p− i+ 3) (mod 4p+ 3), for e = a0ai, 1 ≤ i ≤ p+ 1,

(4p− 2i+ 4) (mod 4p+ 3), for e = aibi, 1 ≤ i ≤ p,

(4p− 2i+ 3) (mod 4p+ 3), for e = ai+1bi, 1 ≤ i ≤ p,

(i+ 1) (mod 4p+ 3), for e = c0ci, 1 ≤ i ≤ p.

(6)
Next, it is proved that the edge labeling f∗ is injective. Let

e1, e2 ∈ E(L(p, p)) be any two distinct edges. The proof is car-
ried out by considering the following cases:
• Case 1: Both edges belong to the same component group.

– For e1 = a0ai and e2 = a0aj , we have

2p− i+ 3 ̸= 2p− j + 3,

and therefore

f∗(a0ai) ̸= f∗(a0aj).

– For e1 = aibi and e2 = ajbj , we have

4p− 2i+ 4 ̸= 4p− 2j + 4,

and therefore

f∗(aibi) ̸= f∗(ajbj).

– For e1 = ai+1bi and e2 = aj+1bj , we have

4p− 2i+ 3 ̸= 4p− 2j + 3,

and therefore

f∗(ai+1bi) ̸= f∗(aj+1bj).

– For e1 = c0ci and e2 = c0cj , we have

i+ 1 ̸= j + 1,

and therefore

f∗(c0ci) ̸= f∗(c0cj).

• Case 2: The two edges belong to different component
groups.

– The edge a0c0 has the unique label 1. Furthermore,
the edge group c0ci has labels in the range

2 ≤ f∗(c0ci) ≤ p+ 1,

the edges a0ai have labels in the range

p+ 2 ≤ f∗(a0ai) ≤ 2p+ 2,

whereas the edge group {ajbj , aj+1bj} has labels in
the range

2p+ 3 ≤ f∗(e2) ≤ 4p+ 2.

Thus, f∗(e1) ̸= f∗(e2), and the edge labels are dis-
tinct.

– Consider e1 = aibi and e2 = aj+1bj . Both edge
groups have labels in the same range,

2p+ 3 ≤ f∗(e) ≤ 4p+ 2.

Since these groups share an overlapping range, parity
analysis is used to verify label uniqueness. Since 4p is
always even for every positive integer p,

f∗(aibi) = 4p− 2i+ 4

is always even, whereas

f∗(aj+1bj) = 4p− 2j + 3

is always odd. The difference in parity guarantees that
the values of the two component functions can never
be equal within this range. Therefore,

f∗(aibi) ̸= f∗(aj+1bj).

Based on all these cases, for every e1 ̸= e2, we have

f∗(e1) ̸= f∗(e2).

Thus, the edge-labeling function f∗ is injective. Since the small-
est edge-label value is 1, no edge label is equal to zero. This
completes the proof that lotus graph variation II L(p, p) is an el-
egant graph.
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An elegant labeling of lotus graph variation II L(5, 5) is
shown in Figure 6.

Figure 6. Elegant labeling of lotus graph variation II L(5, 5).

Based on the analytical proofs in Theorem 1, Theorem 2,
and Theorem 3, there is a close structural and functional relation-
ship in preserving the elegant property of the lotus graph L(p)
and its variation classes. The structures of L∗(p) and L(p, p) are
obtained by modifying the lotus graph L(p) through the removal
and addition of pendant vertices, respectively. The relationship
among the sizes q of these three graphs can be expressed as

q(L∗(p)) = q(L(p))− 1 = 3p+ 1, (7)

and

q(L(p, p)) = q(L(p)) + p = 4p+ 2. (8)

Although these structural modifications change the graph
size q and consequently the modulus (q + 1) used in each theo-
rem, the elegant labeling property can still be preserved for the
following mathematical reasons:
1. The removal of the pendant vertex inL∗(p) and the addition

of new pendant vertices in L(p, p) are performed symmet-
rically without altering the main cycle structure of the lotus
graph. Since the core cycle structure is preserved, the distri-
bution pattern of labels among adjacent vertices in the main
subgraph retains the regularity of a linear sequence.

2. Changes in the number of edges q directly modify the up-
per bound of the allowable labels. As the graph structure
expands from L∗(p) to L(p) and then to L(p, p), the cor-
responding expansion of the label set is balanced by shift-
ing the initial constants in the vertex-labeling formulas, from
2p+ 2 in Theorem 2, to 2p+ 3 in Theorem 1, and finally to
3p+ 3 in Theorem 3.

3. The local structural modifications do not alter the odd–even
parity characteristics of the edge groups aibi and ai+1bi.
The shift in the labeling constants is adaptive to changes
in the modulus (q + 1), so that the distribution of remain-
ders over all edge groups continues to produce distinct and
nonzero induced edge labels.

4. Conclusion
The results of this study show that the lotus graphL(p) and

its two variations, namely L∗(p) and L(p, p), are elegant graphs
for every p ≥ 3. The construction of the vertex-labeling func-
tion f and the induced edge-labeling function f∗ has been ana-
lytically proven to be injective, producing distinct and nonzero
values. Based on the proofs that have been established, the el-
egant property of the lotus graph and its two variations, L∗(p)
and L(p, p), can be preserved even though the number of edges
of the graphs changes.

Thus, the objective of this study to determine the existence
of elegant labeling on the class of lotus graphs and their varia-
tions has been achieved. The results of this study are expected
to extend research on graph classes that admit elegant labeling
and may serve as a basis for further studies involving other vari-
ations of graph structures in the future.
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