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Abstract

Intuitionistic fuzzy graph labeling is a useful approach for describing uncertainty based on membership (MS) and
non-membership (NMS) values. This work studies Intuitionistic Fuzzy Cube Difference Labeling (IFCDL) on ladder-based
graphs and corona products. Explicit labeling techniques are designed for ladder graphs, open ladder graphs, slanting
ladder graphs, circular ladder graphs, and Mobius ladder graphs. It is demonstrated that these graphs permit Intuitionistic
Fuzzy Cube Difference Graphs (IFCDGs) by assigning distinct MS and NMS values within the range of [0, 1] . The
suggested framework is adaptable to different graph products and complicated network models, with potential applications
in decision-making, communication networks, and uncertainty-based systems.
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1. Introduction

Graph labeling plays an important role in graph the-
ory with applications in communication networks, coding
theory, and network design. To handle uncertainty in real-
world systems, fuzzy graph theory extends classical graph
theory. The concept of intuitionistic fuzzy sets introduced
by Krassimir T. Atanassov incorporates both membership
and non-membership degrees, providing a flexible frame-
work for modeling uncertainty [1], [2]. Intuitionistic fuzzy
graphs and their structural properties have been widely
investigated in the literature [3], [4]. Intuitionistic fuzzy
labeling assigns suitable membership and non-membership
values to vertices and edges under certain conditions [8].
Cube difference labeling is a structured labeling technique
with strong arithmetic properties. Its extension to the
intuitionistic fuzzy environment leads to IFCDL [12]- [15].
In this work, we study IFCDL on the corona product of lad-
der graphs and their variants and prove that these graphs
admit intuitionistic fuzzy cube difference graphs.
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2. Preliminaries

This section introduces fundamental concepts and def-
initions essential for the discussion of specialized graph
labelings [5]- [7]. A clear understanding of these prelim-
inaries is crucial for the development and analysis of the
new labeling techniques presented in this paper [9]- [11].

2.1. Definition
For graphs G and H, the corona product G ⊙ H is

obtained by taking one copy of graph G and |V (G)| copies
of graph H and joining each vertex of the ith copy of graph
H to the ith vertex of the graph G, where 1 ≤ i ≤ |V (G)|.

2.2. Definition
The Cartesian product of Pn and K2 is called a ladder

graph and is denoted as Ln. (i.e.) Ln = Pn ×K2.

2.3. Definition
An open ladder is obtained from a ladder by removing

the edges viui and vnun and is denoted by O(Ln).
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2.4. Definition
A slanting ladder SLn is the graph obtained from two

paths of length n say Pn = (u1, u2, u3, . . . , un) and P ′
n =

(v1, v2, v3, . . . , vn), by joining u(i+1) to vi for i = 1 to n− 1
or joining uiv(i+1) for i = 1 to n − 1. It is isomorphic to
Z − Pn.

2.5. Definition
A circular ladder graph denoted by CLn is obtained by

joining parallel vertices of two cycles of the same length.

2.6. Definition
A Mobius ladder graph MLn is a graph obtained from

the ladder graph Ln by adding the edges u1vn and v1un.
We denote it as MLn for clarity, though it is earlier denoted
as Mn.

2.7. Definition
If σ(α1) : VX → [0, 1], σ(α2) : VX → [0, 1], and µ(α1) :

VX × VX → [0, 1], µ(α2) : VX × VX → [0, 1], then an IFG
G = (VX , σα, µα) is considered an intuitionistic fuzzy la-
beling graph (IFLG) if it is bijective. In the sense that the
vertices and edges have different MS and NMS values, and
µ(α1)(vi, vj) < min{σ(α1)(vi), σ(α1)(vj)}, µ(α1)(vi, vj) <
max{σ(α2)(vi), σ(α2)(vj)}, 0 ≤ µ(α1)(vi, vj)+µ(α2)(vi, vj) ≤
1 for each edge (vi, vj).

3. Result and discussions

3.1. Definition
An IFG G = (V, σα, µα) is said to be an Intuitionistic

Fuzzy Cube Difference Labeling Graph (IFCDLG) if it is an
Intuitionistic Fuzzy Labeling Graph (IFLG) and satisfies
the following conditions,

µ(α1)(us, vt) = |σ(α1)(us)
3 − σ(α1)(vt)

3|, µ(α2)(us, vt) =

|σ(α2)(us)
3−σ(α2)(vt)

3|, 0 ≤ µ(α1)(us, vt)+µ(α2)(us, vt) ≤ 1
for each (us, vt) ∈ E are all distinct.

The term IFCDLG refers to a graph that is an IFCDL.

3.2. Theorem
Ln ⊙K1 admits an IFCDG.
Proof: Let G = Ln ⊙ K1 be the 4n vertex provided

graph. By adding a new vertex to each vertex of Ln, the
graph G is created.

Let {vi : 1 ≤ i ≤ n} be the vertices on one side of Ln

and {ui : 1 ≤ i ≤ n} be the vertices on the other side of Ln.

Let a1, a2, . . . , an be the n new vertices attached to the
corresponding n vertices vi (1 ≤ i ≤ n), and b1, b2, . . . , bn

be the n new vertices attached to the corresponding n
vertices ui (1 ≤ i ≤ n), respectively.

Examine the edge functions µ1 and µ2 from each pair
of vertices in V to an MS and NMS value between 0 and 1,
as well as the vertex functions σ1 and σ2 from the vertex
V to an MS and NMS value between 0 and 1.

Choose the MS value ω1 → (0, 1] such that ω1 = 10−2

for n ≤ 99, ω1 = 10−4 for 100 ≤ n ≤ 999, ω1 = 10−6 for
1000 ≤ n ≤ 9999 and so on.
Choose the NMS value ω2 → (0, 1] such that ω2 = 10−3

for n ≤ 999, ω2 = 10−5 for 1000 ≤ n ≤ 9999, ω2 = 10−7

for 10000 ≤ n ≤ 999999 and so on.

The labels assigned to the MS value of vertices and
edges are,
σ1(vi) = i ∗ ω1, 1 ≤ i ≤ n
σ1(ui) = (n+ i) ∗ ω1, 1 ≤ i ≤ n
σ1(a

i) = (2n+ i) ∗ ω1, 1 ≤ i ≤ n
σ1(b

i) = (3n+ i) ∗ ω1, 1 ≤ i ≤ n
µ1(v1v2) = 7 ∗ ω3

1
µ1(vivi+1) = (6 ∗ ω3

1i) + µ1(vi−1vi), 2 ≤ i ≤ n− 1
µ1(u1u2) = (3n2 + 9n+ 7) ∗ ω3

1
µ1(ui−nui−(n−1)) = (6∗ω3

1i)+µ1(ui−1ui), n+2 ≤ i ≤
n− 1
µ1(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

1 , 1 ≤ i ≤ n
µ1(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
1 , 1 ≤ i ≤ n

µ1(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

1 , 1 ≤ i ≤ n

The labels assigned to the NMS value of vertices and
edges are,
σ2(vi) = i ∗ ω2, 1 ≤ i ≤ n
σ2(ui) = (n+ i) ∗ ω2, 1 ≤ i ≤ n
σ2(a

i) = (2n+ i) ∗ ω2, 1 ≤ i ≤ n
σ2(b

i) = (3n+ i) ∗ ω2, 1 ≤ i ≤ n
µ2(v1v2) = 7 ∗ ω3

2
µ2(vivi+1) = (6 ∗ ω3

2i) + µ2(vi−1vi), 2 ≤ i ≤ n− 1
µ2(u1u2) = (3n2 + 9n+ 7) ∗ ω3

2
µ2(ui−nui−(n−1)) = (6∗ω3

2i)+µ2(ui−1ui), n+2 ≤ i ≤
n− 1
µ2(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

2 , 1 ≤ i ≤ n
µ2(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
2 , 1 ≤ i ≤ n

µ2(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

2 , 1 ≤ i ≤ n

The MS and NMS values of the vertices and edges are
distinct. This labeling obeys the conditions of IFCDL.
Thus, Ln ⊙K1 is an IFCDG.

3.3. Example
The following Figure 1 illustrates the IFCDG of L5⊙K1.

Figure 1: IFCDG for L5 ⊙K1
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3.4. Theorem
OLn⊙K1 admits an intuitionistic fuzzy cube difference

graph.
Proof: Let G = OLn ⊙ K1 be the corona of an open

ladder graph. Let {vi : 1 ≤ i ≤ n} be the vertices on one
side of OLn and {ui : 1 ≤ i ≤ n} be the vertices on the
other side of OLn. The G is obtained by attaching one
new vertex to every open ladder graph OLn.

Let a1, a2, . . . , an be the n new vertices attached to the
corresponding n vertices vi (1 ≤ i ≤ n) and b1, b2, . . . , bn

be the n new vertices attached to the corresponding n
vertices ui (1 ≤ i ≤ n), respectively.

Examine the edge functions µ1 and µ2 from each pair
of vertices in V to an MS and NMS value between 0 and 1,
as well as the vertex functions σ1 and σ2 from the vertex
V to an MS and NMS value between 0 and 1.

Choose the MS value ω1 → (0, 1] such that ω1 = 10−2

for n ≤ 99, ω1 = 10−4 for 100 ≤ n ≤ 999, ω1 = 10−6 for
1000 ≤ n ≤ 9999 and so on.

Choose the NMS value ω2 → (0, 1] such that ω2 = 10−3

for n ≤ 999, ω2 = 10−5 for 1000 ≤ n ≤ 9999, ω2 = 10−7

for 10000 ≤ n ≤ 999999 and so on.

The labels assigned to the MS value of vertices and
edges are,
σ1(vi) = i ∗ ω1, 1 ≤ i ≤ n
σ1(ui) = (n+ i) ∗ ω1, 1 ≤ i ≤ n
σ1(a

i) = (2n+ i) ∗ ω1, 1 ≤ i ≤ n
σ1(b

i) = (3n+ i) ∗ ω1, 1 ≤ i ≤ n
µ1(v1v2) = 7 ∗ ω3

1
µ1(vivi+1) = (6 ∗ ω3

1i) + µ1(vi−1vi), 2 ≤ i ≤ n− 1
µ1(u1u2) = (3n2 + 9n+ 7) ∗ ω3

1
µ1(ui−nui−(n−1)) = (6∗ω3

1i)+µ2(ui−1ui), n+2 ≤ i ≤
n− 1
µ1(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

1 , 2 ≤ i ≤ n− 1
µ1(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
1 , 1 ≤ i ≤ n

µ1(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

1 , 1 ≤ i ≤ n

The labels assigned to the NMS value of vertices and
edges are,
σ2(vi) = i ∗ ω2, 1 ≤ i ≤ n
σ2(ui) = (n+ i) ∗ ω2, 1 ≤ i ≤ n
σ2(a

i) = (2n+ i) ∗ ω2, 1 ≤ i ≤ n
σ2(b

i) = (3n+ i) ∗ ω2, 1 ≤ i ≤ n
µ2(v1v2) = 7 ∗ ω3

2
µ2(vivi+1) = (6 ∗ ω3

2i) + µ2(vi−1vi), 2 ≤ i ≤ n− 1
µ2(u1u2) = (3n2 + 9n+ 7) ∗ ω3

2
µ2(ui−nui−(n−1)) = (6∗ω3

2i)+µ2(ui−1ui), n+2 ≤ i ≤
n− 1
µ2(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

2 , 2 ≤ i ≤ n− 1
µ2(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
2 , 1 ≤ i ≤ n

µ2(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

2 , 1 ≤ i ≤ n

The MS and NMS values of the vertices and edges are
distinct. This labeling obeys the conditions of IFCDL.
Thus, the OLn ⊙K1 graph is an IFCDG.

3.5. Example
Figure 2 illustrates the IFCDG of OL5 ⊙K1.

Figure 2: IFCDG for OL5 ⊙K1

3.6. Theorem
SLn ⊙K1 admits an IFCDG.
Proof: Let G = SLn ⊙K1 be the given graph.

Let {vi : 1 ≤ i ≤ n} be the vertices on one side of the
slanting ladder and ui (1 ≤ i ≤ n) be the vertices on the
other side of the slanting ladder, and each vi is adjacent to
ui+1 for 1 ≤ i ≤ n− 1.

The graph G is obtained by attaching one new vertex
to every slanting ladder graph SLn.
Let a1, a2, . . . , an be the n new vertices attached to the
corresponding n vertices vi (1 ≤ i ≤ n) and b1, b2, . . . , bn

be the n new vertices attached to the corresponding n
vertices ui (1 ≤ i ≤ n), respectively.

Examine the edge functions µ1 and µ2 from each pair
of vertices in V to an MS and NMS value between 0 and 1,
as well as the vertex functions σ1 and σ2 from the vertex
V to an MS and NMS value between 0 and 1.

Choose the MS value ω1 → (0, 1] such that ω1 = 10−2

for n ≤ 99, ω1 = 10−4 for 100 ≤ n ≤ 999, ω1 = 10−6 for
1000 ≤ n ≤ 9999 and so on.
Choose the NMS value ω2 → (0, 1] such that ω2 = 10−3

for n ≤ 999, ω2 = 10−5 for 1000 ≤ n ≤ 9999, ω2 = 10−7

for 10000 ≤ n ≤ 999999 and so on.

The labels assigned to the MS value of vertices and
edges are,
σ1(vi) = i ∗ ω1, 1 ≤ i ≤ n
σ1(ui) = (n+ i) ∗ ω1, 1 ≤ i ≤ n
σ1(a

i) = (2n+ i) ∗ ω1, 1 ≤ i ≤ n
σ1(b

i) = (3n+ i) ∗ ω1, 1 ≤ i ≤ n
µ1(v1v2) = 7 ∗ ω3

1
µ1(vivi+1) = (6 ∗ ω3

1i) + µ1(vi−1vi), 2 ≤ i ≤ n− 1
µ1(u1u2) = (3n2 + 9n+ 7) ∗ ω3

1
µ1(ui−nui−(n−1)) = (6∗ω3

1i)+µ2(ui−1ui), n+2 ≤ i ≤
n− 1
µ1(uivi+1) = (n3−1+3i[i(n−1)+(n2−1)])∗ω3

1 , 1 ≤
i ≤ n− 1
µ1(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
1 , 1 ≤ i ≤ n
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µ1(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

1 , 1 ≤ i ≤ n

The labels assigned to the NMS value of vertices and
edges are,
σ2(vi) = i ∗ ω2, 1 ≤ i ≤ n
σ2(ui) = (n+ i) ∗ ω2, 1 ≤ i ≤ n
σ2(a

i) = (2n+ i) ∗ ω2, 1 ≤ i ≤ n
σ2(b

i) = (3n+ i) ∗ ω2, 1 ≤ i ≤ n
µ2(v1v2) = 7 ∗ ω3

2
µ2(vivi+1) = (6 ∗ ω3

2i) + µ2(vi−1vi), 2 ≤ i ≤ n− 1
µ2(u1u2) = (3n2 + 9n+ 7) ∗ ω3

2
µ2(ui−nui−(n−1)) = (6∗ω3

2i)+µ2(ui−1ui), n+2 ≤ i ≤
n− 1
µ2(uivi+1) = (n3−1+3i[i(n−1)+(n2−1)])∗ω3

2 , 1 ≤
i ≤ n− 1
µ2(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
2 , 1 ≤ i ≤ n

µ2(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

2 , 1 ≤ i ≤ n

The MS and NMS values of the vertices and edges are
distinct. This labeling obeys the conditions of IFCDL.
Thus, the SLn ⊙K1 graph is an IFCDG.

3.7. Example
The following Figure 3 illustrates the IFCDG of SL5 ⊙

K1.

Figure 3: IFCDG for SL5 ⊙K1

3.8. Theorem
CLn ⊙K1 admits an IFCDG.
Proof: Let G = CLn ⊙K1 be a graph.

Let V (CLn ⊙K1) = {vi, ui, a
i, bi : 1 ≤ i ≤ n} and

E(CLn ⊙ K1) = {vivi+1, uiui+1, viui, via
i, vib

i : 1 ≤ i ≤
n} ∪ {v1vn, u1un}.

Examine the edge functions µ1 and µ2 from each pair
of vertices in V to an MS and NMS value between 0 and 1,
as well as the vertex functions σ1 and σ2 from the vertex
V to an MS and NMS value between 0 and 1.

Choose the MS value ω1 → (0, 1] such that ω1 = 10−2

for n ≤ 99, ω1 = 10−4 for 100 ≤ n ≤ 999, ω1 = 10−6 for
1000 ≤ n ≤ 9999 and so on.

Choose the NMS value ω2 → (0, 1] such that ω2 = 10−3

for n ≤ 999, ω2 = 10−5 for 1000 ≤ n ≤ 9999, ω2 = 10−7

for 10000 ≤ n ≤ 999999 and so on.
The labels assigned to the MS value of vertices and edges
are,
σ1(vi) = i ∗ ω1, 1 ≤ i ≤ n,
σ1(ui) = (n+ i) ∗ ω1, 1 ≤ i ≤ n,
σ1(a

i) = (2n+ i) ∗ ω1, 1 ≤ i ≤ n,
σ1(b

i) = (3n+ i) ∗ ω1, 1 ≤ i ≤ n.
µ1(v1v2) = 7 ∗ ω3

1 ,
µ1(vivi+1) = (6 ∗ ω3

1i) + µ1(vi−1vi), 2 ≤ i ≤ n− 1,
µ1(v1vn) = (n3 − 1) ∗ ω3

1 ,
µ1(u1u2) = (3n2 + 9n+ 7) ∗ ω3

1 ,
µ1(ui−nui−(n−1)) = (6 ∗ ω3

1i) + µ1(ui−(n+1)ui−n), n+
2 ≤ i ≤ n− 1,
µ1(u1un) = (7n3 − 3n2 − 3n− 1) ∗ ω3

1 ,
µ1(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

1 , 1 ≤ i ≤ n,
µ1(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
1 , 1 ≤ i ≤ n,

µ1(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

1 , 1 ≤ i ≤ n.

The labels assigned to the NMS value of vertices and
edges are,
σ2(vi) = i ∗ ω2, 1 ≤ i ≤ n,
σ2(ui) = (n+ i) ∗ ω2, 1 ≤ i ≤ n,
σ2(a

i) = (2n+ i) ∗ ω2, 1 ≤ i ≤ n,
σ2(b

i) = (3n+ i) ∗ ω2, 1 ≤ i ≤ n.
µ2(v1v2) = 7 ∗ ω3

2 ,
µ2(vivi+1) = (6 ∗ ω3

2i) + µ2(vi−1vi), 2 ≤ i ≤ n− 1,
µ2(v1vn) = (n3 − 1) ∗ ω3

2 ,
µ2(u1u2) = (3n2 + 9n+ 7) ∗ ω3

2 ,
µ2(ui−nui−(n−1)) = (6∗ω3

2i)+µ2(ui−1ui), n+2 ≤ i ≤
n− 1,
µ2(u1un) = (7n3 − 3n2 − 3n− 1) ∗ ω3

2 ,
µ2(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

2 , 1 ≤ i ≤ n,
µ2(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
2 , 1 ≤ i ≤ n,

µ2(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

2 , 1 ≤ i ≤ n.

The MS and NMS values of the vertices and edges are
distinct. This labeling obeys the conditions of IFCDL.
Thus, the CLn ⊙K1 graph is an IFCDG.

3.9. Example
The following Figure 4 illustrates the IFCDG of CL5 ⊙

K1.

Figure 4: IFCDG for CL5 ⊙K1
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3.10. Theorem
MLn ⊙K1 admits an IFCDL.
Proof: Let G = MLn ⊙K1 be a graph.

Let V (MLn ⊙K1) = {vi, ui, a
i, bi : 1 ≤ i ≤ n} and

E(MLn ⊙ K1) = {vivi+1, uiui+1, viui, via
i, vib

i : 1 ≤ i ≤
n} ∪ {v1un, u1vn}.

Examine the edge functions µ1 and µ2 from each pair
of vertices in V to an MS and NMS value between 0 and 1,
as well as the vertex functions σ1 and σ2 from the vertex
V to an MS and NMS value between 0 and 1.

Choose the MS value ω1 → (0, 1] such that ω1 = 10−2

for n ≤ 99, ω1 = 10−4 for 100 ≤ n ≤ 999, ω1 = 10−6 for
1000 ≤ n ≤ 9999 and so on.

Choose the NMS value ω2 → (0, 1] such that ω2 = 10−3

for n ≤ 999, ω2 = 10−5 for 1000 ≤ n ≤ 9999, ω2 = 10−7

for 10000 ≤ n ≤ 999999 and so on.

The labels assigned to the MS value of vertices and
edges are,
σ1(vi) = i ∗ ω1, 1 ≤ i ≤ n,
σ1(ui) = (n+ i) ∗ ω1, 1 ≤ i ≤ n,
σ1(a

i) = (2n+ i) ∗ ω1, 1 ≤ i ≤ n,
σ1(b

i) = (3n+ i) ∗ ω1, 1 ≤ i ≤ n.
µ1(v1v2) = 7 ∗ ω3

1 ,
µ1(vivi+1) = (6 ∗ ω3

1i) + µ1(vi−1vi), 2 ≤ i ≤ n− 1,
µ1(v1un) =

[︁
(2n)3 − 1

]︁
∗ ω3

1 ,

µ1(u1u2) = (3n2 + 9n+ 7) ∗ ω3
1 ,

µ1(ui−nui−(n−1)) = (6 ∗ ω3
1i) + µ1(ui−(n+1)ui−n), n+

2 ≤ i ≤ n− 1,
µ1(u1vn) = [3n(n+ 1) + 1] ∗ ω3

1 ,
µ1(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

1 , 1 ≤ i ≤ n,
µ1(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
1 , 1 ≤ i ≤ n,

µ1(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

1 , 1 ≤ i ≤ n.

The labels assigned to the NMS value of vertices and
edges are,
σ2(vi) = i ∗ ω2, 1 ≤ i ≤ n,
σ2(ui) = (n+ i) ∗ ω2, 1 ≤ i ≤ n,
σ2(a

i) = (2n+ i) ∗ ω2, 1 ≤ i ≤ n,
σ2(b

i) = (3n+ i) ∗ ω2, 1 ≤ i ≤ n.
µ2(v1v2) = 7 ∗ ω3

2 ,
µ2(vivi+1) = (6 ∗ ω3

2i) + µ2(vi−1vi), 2 ≤ i ≤ n− 1,
µ2(v1un) =

[︁
(2n)3 − 1

]︁
∗ ω3

2 ,

µ2(u1u2) = (3n2 + 9n+ 7) ∗ ω3
2 ,

µ2(ui−nui−(n−1)) = (6 ∗ ω3
2i) + µ2(ui−(n+1)ui−n), n+

2 ≤ i ≤ n− 1,
µ2(u1vn) = [3n(n+ 1) + 1] ∗ ω3

2 ,
µ2(uivi) = n[n2 + 3i(n+ i)] ∗ ω3

2 , 1 ≤ i ≤ n,
µ2(uib

i) = 2n(13n2 + 12ni+ 3i2) ∗ ω3
2 , 1 ≤ i ≤ n,

µ2(via
i) = (8n3 + 12n2i+ 6ni) ∗ ω3

2 , 1 ≤ i ≤ n.

The MS and NMS values of the vertices and edges are
distinct. This labeling obeys the conditions of IFCDL.
Thus, the MLn ⊙K1 graph is an IFCDG.

3.11. Example
Figure 5 illustrates the IFCDG of ML5 ⊙K1.

Figure 5: IFCDG for ML5 ⊙K1

4. Conclusion

This paper investigated Intuitionistic Fuzzy Cube Differ-
ence Labeling for the corona product of ladder graphs and
their variants. Suitable membership and non-membership
labeling functions were constructed, and it was shown that
these graph classes admit intuitionistic fuzzy cube differ-
ence graphs. The results extend existing intuitionistic
fuzzy labeling studies to structured corona graph fami-
lies. The proposed framework can be further extended to
other graph products and complex networks. Future work
may explore algorithmic implementations and applications
in communication systems, decision-making models, and
uncertainty-based network analysis.

Declarations and ethical statements

Conflict of interest: The author declare that there is no
conflict of interest.
Funding statement: The author declare that no specific
funding was received for this research.
Artificial Intelligence usage statement: During the
preparation of this manuscript, the author utilized Chat-
GPT solely for visualization of figures. The author carefully
reviewed and revised the generated content and take full
responsibility for the accuracy, integrity, and originality of
the final manuscript.
Availability of data and materials: The data and/or
materials that support the findings of this study are avail-
able from the corresponding author upon reasonable re-
quest.

CRediT authorship contribution statement

S. Jackson: Conceptualization, Investigation, Visualiza-
tion, Writing –original draft, review & editing. M. Abi-
rami: Conceptualization, Methodology, Writing – original
draft, review & editing, Validation.

Publisher’s note

Krrish Scientific Publications Pvt. Ltd. and the
Journal of Computing and Data Technology remain
neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

https://krrishpub.com/index.html
https://journal.krrishpub.com/index.php/jcdt/index


Jackson and Abirami. Journal of Applied Sciences and Modelling, Volume 2, Issue 2, Jul–Dec 2026, pp. 120–125 125

References

[1] Atanassov KT. Intuitionistic fuzzy sets. Fuzzy Sets and Systems
[Internet]. 1986 Aug 1;20(1):87–96. Available from: https://do
i.org/10.1016/s0165-0114(86)80034-3

[2] Atanassov KT. Intuitionistic fuzzy sets. In Intuitionistic fuzzy
sets: theory and applications 1999 (pp. 1-137). Heidelberg:
Physica-Verlag HD. Available from: https://doi.org/10.1007/
978-3-7908-1870-3_1

[3] Akram M, Alshehri NO. Intuitionistic fuzzy cycles and
intuitionistic fuzzy trees. The Scientific World Journal.
2014;2014(1):305836. Available from: https://doi.org/10.115
5/2014/305836

[4] Akram M, Davvaz B. Strong intuitionistic fuzzy graphs. Filomat.
2012 Jan 1;26(1):177–96. Available from: https://doi.org/10
.2298/fil1201177a

[5] Akram M, Dudek WA. Intuitionistic fuzzy hypergraphs with
applications. Information Sciences. 2013 Jan 1;218:182-93. Avail-
able from: https://doi.org/10.1016/j.ins.2012.06.024

[6] K. Rajeswari R, Geetha R. Eccentricity of ABC index for some
graphs. In: Research in Multidisciplinary Subjects-Volume 12.
Hill Publications: November, 2023. 78-81. Available from: https:
//www.researchgate.net/profile/Kmajini-Bella/publicati
on/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOG
Y_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_
MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ART
IFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRA
NSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88

[7] Sahoo S, Pal M. Different types of products on intuitionistic
fuzzy graphs. Pacific Science Review A: Natural Science and
Engineering. 2015 Nov 1;17(3):87-96. Available from: https:
//doi.org/10.1016/j.psra.2015.12.007

[8] Sahoo S, Pal M. Product of intuitionistic fuzzy graphs and degree.
Journal of Intelligent & Fuzzy Systems. 2017 Jan 13;32(1):1059-
67. Available from: https://doi.org/10.3233/JIFS-16348

[9] Sahoo S, Pal M. Intuitionistic fuzzy labeling graphs. TWMS
Journal of Applied and Engineering Mathematics. 2018 Jul
1;8(2):466-76. Available from: https://dergipark.org.tr/en/
pub/twmsjaem/article/761100

[10] Akram M, Dar JM, Naz S. Certain graphs under
Pythagorean fuzzy environment. Complex & Intelligent Sys-
tems. 2019;5(2):127-144. Available from: https://doi.org/10.1
007/S40747-018-0089-5

[11] Gallian JA. A dynamic survey of graph labeling. The Electronic
Journal of Combinatorics [Internet]. 2022 Dec 2;1000. Available
from: https://doi.org/10.37236/11668

[12] Jeyanthi P, Sudha A. Total Edge Irregularity Strength of Dis-
joint Union of Wheel Graphs. Electronic Notes in Discrete
Mathematics. 2015 Jul 1;48:175-182. Available from: https:
//doi.org/10.1016/j.endm.2015.05.026

[13] Baca M, Muthugurupackiam K, Kathiresan Km, Ramya S. Mod-
ular irregularity strength of graphs. Electronic Journal of Graph
Theory and Applications. 2020 Oct 30;8(2):435. Available from:
https://doi.org/10.5614/ejgta.2020.8.2.19

[14] Sudha A, P. Jeyanthi, Kavitha C, K. Kalaivani, Devika Dabke.
Fuzzy Graph Theory and Neuromorphic Graph Models for Un-
certain Mathematical Systems. Journal of Applied Sciences and
Modelling. 2026 Jun. 21;2(1):83-100. Available from: https:
//doi.org/10.71426/jasm.v2.i1.pp83-100

[15] Bača M, Imran M, Semaničová-Feňovčíková A. Irregularity and
Modular Irregularity Strength of Wheels. Mathematics. 2021
Oct 25;9(21):2710. Available from: https://doi.org/10.3390/
math9212710

https://doi.org/10.1016/s0165-0114(86)80034-3
https://doi.org/10.1016/s0165-0114(86)80034-3
https://doi.org/10.1007/978-3-7908-1870-3_1
https://doi.org/10.1007/978-3-7908-1870-3_1
https://doi.org/10.1155/2014/305836
https://doi.org/10.1155/2014/305836
https://doi.org/10.2298/fil1201177a
https://doi.org/10.2298/fil1201177a
https://doi.org/10.1016/j.ins.2012.06.024
https://www.researchgate.net/profile/Kmajini-Bella/publication/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOGY_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ARTIFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRANSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88
https://www.researchgate.net/profile/Kmajini-Bella/publication/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOGY_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ARTIFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRANSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88
https://www.researchgate.net/profile/Kmajini-Bella/publication/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOGY_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ARTIFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRANSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88
https://www.researchgate.net/profile/Kmajini-Bella/publication/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOGY_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ARTIFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRANSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88
https://www.researchgate.net/profile/Kmajini-Bella/publication/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOGY_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ARTIFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRANSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88
https://www.researchgate.net/profile/Kmajini-Bella/publication/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOGY_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ARTIFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRANSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88
https://www.researchgate.net/profile/Kmajini-Bella/publication/376580780_ROLE_OF_ARTIFICIAL_INTELLIGENCE_TECHNOLOGY_AND_ITS_IMPACT_ON_TRANSFORMATION_OF_HUMAN_RESOURCES_MANAGEMENT/links/657dd2a932bc453821f007e2/ROLE-OF-ARTIFICIAL-INTELLIGENCE-TECHNOLOGY-AND-ITS-IMPACT-ON-TRANSFORMATION-OF-HUMAN-RESOURCES-MANAGEMENT.pdf#page=88
https://doi.org/10.1016/j.psra.2015.12.007
https://doi.org/10.1016/j.psra.2015.12.007
https://doi.org/10.3233/JIFS-16348
https://dergipark.org.tr/en/pub/twmsjaem/article/761100
https://dergipark.org.tr/en/pub/twmsjaem/article/761100
https://doi.org/10.1007/S40747-018-0089-5
https://doi.org/10.1007/S40747-018-0089-5
https://doi.org/10.37236/11668
https://doi.org/10.1016/j.endm.2015.05.026
https://doi.org/10.1016/j.endm.2015.05.026
https://doi.org/10.5614/ejgta.2020.8.2.19
https://doi.org/10.71426/jasm.v2.i1.pp83-100
https://doi.org/10.71426/jasm.v2.i1.pp83-100
https://doi.org/10.3390/math9212710
https://doi.org/10.3390/math9212710

	Introduction
	Preliminaries
	Definition
	Definition
	Definition
	Definition
	Definition
	Definition
	Definition

	Result and discussions
	Definition
	Theorem
	Example
	Theorem
	Example
	Theorem
	Example
	Theorem
	Example
	Theorem
	Example

	Conclusion

