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Abstract: Graph theory has developed quickly in recent years. This is due to its mathematical significance as well as the
numerous applications that stem from it, which include coding theory, radar, astronomy, circuit design, communication
design, X-ray crystallography, and others. Labeled graphs may be useful in a wide range of applications. The wide variety of
applications for labeled graphs leads us to research different types of mean cordial labeling of graphs.
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1. INTRODUCTION

Graphs G considered here are simple,
finite, connected and undirected. The vertex set and
edge set of a graph G are V(G) and E(G)
respectively. The concept of cordial labeling was
introduced by Cabhit in the year 1987. Mean cordial
labeling of graphs was introduced by Ponraj. R and
Somasundaram. S. The concept of prime mean
labeling was introduced by Palani. K. The concept
of difference mean cordial labeling was introduced
by Savithri. R and Shenbega Devi. S. Python is a
high-level, interpreted programming language with
a developer-friendly design and a focus on clarity
and readability. The distinctive use of indentation
to mark code blocks enhances code readability and
creates a cleaner program appearance. Python,
developed by Guido van Rossum in the late 1980s
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and introduced in 1991, was intended to replace the
ABC programming language.

PRELIMINARIES

Definition 1.1 Let G = (V,E) be a graph with
p vertices and q edges. A graph Gis said to be a
prime difference mean cordial labeling if there
exists an  injective  function  f:V(G) -
{0,1,2,...,q} such that the induced edge labeling
f*E(G) - {0,1} defined by

f (e =uv)
= {1 if f(w)—fw) = 0(mod2)
0 otherwise

satisfying the condition that for every v € V(G)
with deg(v) =21, S,=X{f"(e=uv)/uve
E(G)} is 1lor prime and |ef(i) — ef(]')| <
1,V i,j € {0,1} where ef(x) denote the number of
edges labeled with x. A graph with prime
difference mean cordial labeling is called prime
difference mean cordial graph.

Definition 1.2 Let G = (V, E) be a graph with p
vertices and g edges. A graph G is said to be a
prime mean cordial graph if there exists an
injective function f: V(G) — {0,1,2, ..., q} such
that the induced edge labeling f*: E(G) — {0,1}
defined by

f (e =uv)
{1 if [—f W/ (”)] is odd
0 otherwise
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satisfying the condition that for every v € V(G)
with deg(v) > 1, S,=Y{f(e =uv)/uv €
E(G)} is prime or 1 and |ef(i) — ef(j)| < 1,V i,]
€ {0,1} where ef(x) denote the number of edges
labeled with x. A graph with prime mean cordial
labeling is called prime mean cordial graph.

Definition 1.3 Let G = (V, E) be a graph and f be
a mapping from V(G) — {0,1,2}. For each edge uv

of G assign the label [3/10(11)22;“@2] Then f is a

called a cube root square mean cordial labeling if
|vf(i) - vf(j)| <1land |ef(i) - ef(j)| < 1, where
vr(x) and ef(x) denote the number of vertices and
edges labeled with x,x € {0,1,2} respectively. A
graph with cube root square mean cordial labeling
is called cube root square mean cordial graph.

MAIN RESULTS

1. Prime Difference Mean Cordial Labeling of
Graphs Using Python Programming

The programming application for finding the prime
difference mean cordial labeling of cycle graph
using python is given below. This python
programming calculates the prime mean cordial
labeling of cycle graph for all n > 3.

import networkx as nx

import matplotlib.pyplot as plt

import numpy as np

#Generate node values using the given formula
def generate f values(n):

return [(i-1)/2ifi% 2==1else(n+i-2)//2
for i in range(1, n + 1)]

# Plot a compact cycle graph

def plot_cycle graph(n):

G =nx.cycle graph(n)

node values = generate f values(n)

f= {i: node values[i] for i in range(n)}

f star = {(u, v): 1 if abs(f[u] - f[v]) % 2 ==

else 0 for u, v in G.edges()}

node labels = {i: f"$v_{{{i+1}}}\\{f[i]}$" for i in
range(n)}

pos = nx.circular_layout(G)

for k in pos:

pos[k] *=0.65 # Shrink node positions
plt.figure(figsize=(5.5, 5)) # Small

nx.draw(G, pos, with_labels=False, node_size=50,
node_color="black")

# Draw node labels

for i, (x, y) in pos.items():

plt.text(x * 1.12, y * 1.12, node_labels[i],
fontsize=11, fontweight="bold',
ha='center', va='center', color="black’)
# Draw edge labels

for (u, v), label in f_star.items():

x1, yl =pos[u]

x2,y2 =pos[v]

mx, my = (x1 +x2)/2,(yl +y2)/2
dx,dy =x2 -x1,y2 -yl

perp = np.array([-dy, dx]) / np.linalg.norm([dx,
dy]) * 0.025

plt.text(mx + perp[0], my + perp[1], str(label),
fontsize=10, color="black’, ha='center', va='center")
plt.axis('off")

plt.tight_layout()

plt.show()

plot_cycle graph(10)

The application developed wusing python
programming language was tested and the given
figure illustrates the sample output interface.
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Figure 1. Prime difference mean cordial labeling of cycle graph Cg

2. Prime Mean Cordial Labeling of Graphs
Using Python Programming

The programming application for finding the prime
mean cordial labeling of brush graph using python
is given below. This python programming
calculates the prime mean cordial labeling of brush
graph for all n > 2.

import networkx as nx

import matplotlib.pyplot as plt
import math

# Define number of pairs
n==6

# Create graph

G = nx.Graph()

# Create node list

nodes = list(range(2 * n))
G.add_nodes_from(nodes)

# Define f values correctly as per formula
def f values(node):
i=node//2+1

if node % 2 == 0:

return 2 *i-2

else:

return 2 *i- 1

# Define edge function f(u, v)
def f(u, v):

return 1 if math.ceil((f_values(u) + f values(v)) / 2)
%2!=0celse0

# Create vertical edges (comb teeth)

vertical edges = [(2*1, 2*i+1) for i in range(n)]

# Create horizontal edges (spine)

horizontal edges = [(2*i+1, 2*i+3) for i in range(n-
D]

# Add edges to graph

for u, v in vertical edges + horizontal edges:
G.add_edge(u, v, weight=f(u, v))

# Position nodes: top row y=1 (for v), bottom row
y=0 (for u)

pos = {}

for i in range(n):
pos[2*i] = (i, 1)
pos[2*i+1]=(i, 0)

# Plot graph
plt.figure(figsize=(n, 3))

nx.draw(G, pos, with_labels=False, node_size=50,
node_color="black")

label gap =0.05

# Draw node labels: subscripts + function values
for node, (%, y) in pos.items():

i=node//2+1

val = f values(node)

if node % 2 ==0:

label = f'$v_{{{i}}}$ {val}'

plt.text(x, y + label gap, label, fontsize=10,
ha='center', va='center")

else:

label = f$u_{{{i}}}$ {val}'
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plt.text(x, y - label gap, label, fontsize=10, for u, v in horizontal edges:

ha='center', va='center") x_mid = (pos[u][0] + pos[v][0]) / 2

# Draw edge function values y_mid = (pos[u][1] + pos[v][1]) / 2 + 0.03

foru, vin vertical_edges: plt.text(x_mid, y_mid, str(f(u, v)), fontsize=9,

x_mid = (pos[u][0] + pos[v][0]) /2 - 0.07 ha='center', color="black")
y_mid = (pos[u][1] + pos[V][1]) /2 plt.axis('off")
plt.text(x_mid, y mid, str(f(u, v)), fontsize=9, plt.show()

ha='center’, color=black’) The application developed wusing python

# Horizontal edges programming language was tested and the given
figure illustrates the sample output interface.
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Figure 2. Prime mean cordial labeling of brush graph Bg

3. Cube Root Square Mean Cordial Labeling def generate_cordial graph(n):

of Graphs Using Python Programming rem =1 % 3
- 0

The programming application for finding the cube
root square mean cordial labeling of path graph
using python is given below. This python node_values =[]
programme calculates the cube root square mean
cordial labeling of path graph for alln > 2.

t=n//3

for i in range(1, n+1):

if rem == 0:
import matplotlib.pyplot as plt

ifi<=t:
import networkx as nx
) node values.append(0)
Import numpy as np

elif i <=2*t:
import math

node values.append(1)
# Define cordial function

else:
def cordial function(u, v):

node values.append(2)
return math.ceil(((u**2 + v**2) / 2)**(1/3))

elif rem == 1:
# Generalized node value generator

ifi<=t+1:
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node values.append(0) edge values

elif i <= 2%+ 1- =[corcill.al_functlon(node_values[1],node_values[1+1
]) for i in range(n-1)]

node_values.append(1) ..

# Positions

else: . ..
pos = {i: (i, 0) for i in range(n)}

node_values.append(2)

# Plot
elif rem == 2: .

plt.figure(figsize=(max(7, n/3), 1))
ifi<=t+1: .

nx.draw(G, pos, with_labels=False,
node_values.append(0) node_color="black’, node_size=50)
elif 1 <= 2*t+2: # Edge function values
node_values.append(1) for 1, value in enumerate(edge values):
else: plt.text(i + 0.5, 0.009, str(value), ha='center',

node_values.append(2) fontsize=9)

return node_values # Node labels

# Input: total number of nodes for node, (x, y) in pos.items():

n=8 label = f"$u_{{{node}}}$ {node values[node]}"

# Generate node values plt.text(x, y - 0.025, label, ha='center’, fontsize=9)

node_values = generate cordial graph(n) plt.axis(off)

# Create graph plt.tight_layout()

G = nx.path_graph(n) plt.show()

The application developed using python

# Edge values : )
programming language was tested and the given
figure illustrates the sample output interface.
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Figure 3. Cube root square mean cordial labeling of path graph Pg
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