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Abstract

Objectives: We have developed the Python module of mean cordial labeling for
the different types of graphs, like Path, Cycle, and Subdivision of Star graphs.
We aim to identify the number of combination positions of vertices that satisfy
the mean cordial labeling rules. We have found mathematical equations that
describe the labeling behavior in these graphs. Methods: In this paper, a
Python program was developed to find the mean cordial labeling of the Path,
Cycle, and Subdivision of the Star graph. We have obtained the number of
combination positions of vertex obeying the mean cordial labeling condition
using this Python module. We have drawn the graph between the number
of vertices and the number of combination positions of the vertex. Findings:
We have found that the different graph types like Path, Cycle, and Subdivision
of Star graph satisfy the mean cordial labeling condition. The result indicates
that the number of combination positions of the Path and cycle graph fulfill
the power equation Y=a*x? and the Subdivision of the Star graph meets the
exponential growth equation Y=a*b*. Novelty: In this paper, a new method
has been developed to find the number of combination position of varies
graphs using the Python module. This computational approach will be useful
to analyze the biological networking and protein-protein interaction study.
Keywords: Mean Cordial; Path; Cycle; Subdivision of Star graph;
Computational graph theory

1 Introduction

The number of vertices and edges of G is denoted by |V(G)| and |E(G)|, correspondingly.
Graph Theory and cordial labeling in the context of cordial number, graph labeling is a
branch of research that reaches out to many forms of node identification"). Cordial
labeling, a later version of graceful and harmonic labeling® many methods were
introduced. It talks about the basic ideas of a pleasant label and describes its properties
on diverse graphs ®). Mean cordial labeling, is a type of assignment of labels to graph
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vertices such that the mean label value over pairs of adjacent vertices is constrained. It ® delves into mean cordial labeling of
some graph classes and points out more useful applications in network theory and other indirect fields.

The discovery of cordial labeling and mean square cordial labeling for some graph structures like Star of Bistar Graphs
describes recent network topologies®-”). New algorithms for fair graph coloring, developed by one of the researchers,
promise faster computation and sculpt ability to large graphs. Graph labeling is an active area in network analysis
research®?), In most research literature, cordial labeling has been viewed as an algorithmic question to be solved using
computational approaches 1°-13). Cordial labeling like prime and Geometric mean cordial labeling analysis was done by many
researchers 14~17). In this paper, not only the finding of mean cordial labeling but also a computational approach for mean
cordial labeling and the vertex combination position was discussed.

2 Methodology

The mean cordial labeling formula ([f(w)+f(v)/2]. [v¢(;)_V () |<1 |e ¢(;)-€ ¢(;)|<1) has been used for our computational mean
cordial labeling analysis®.

Definition 2.1

Let f be a map from V(G) to {0,1,2}. For each edge uv assign the label [f(u)+f(v)/2], f is called a mean cordial labeling if
IV ¢i)-V#(5) <1 le g€ ;) |<1, where vy, and ey, denote the number of vertices and edges respectively labeled with x

(x=0,1,2). A graph with the mean cordial labeling is called a mean cordial graph .

Definition 2.2

Let W=e;e,...e;, (e;=u,u, ;) be awalk.
Is closed if ul=uk+1
Is a path if ui:éuj for all iqéj

Is a cycle, if it is closed, and uiuj for i] except that ul=uk+1)
Definition 2.3
A star graph K, is a complete bipartite graph with one internal node and m-leaves. A star having three edges is called as
claw®.
Definition 2.4

Let G be graph. The subdivision graph S(G) is obtained from G by subdividing each edge of G with a vertex®.

Definition 2.5

The equation y=a*x® is known as a power equation. It describes a functional relationship where one quantity varies as a power
of another. This type of equation is often used to model scaling laws and phenomena where the rate of change follows a
multiplicative pattern.

Definition 2.6

The equation y=a*b* describes a form of exponential growth where y is the value of the quantity at a given x. a is a constant that
represents the initial value or the coeflicient. x is the independent variable and b is the exponent that determines the growth
rate.

In section 3, we have discussed the Python module and the number of vertex position combinations in the mean cordial
labeling behavior of the Path, Cycle, and Subdivision of the Star graph.

3 Results and Discussion

In this paper, a novel approach has been presented to analyze mean cordial labeling for graphs with a large number of vertices up
to 50 compared to previous research papers¥). From the constant values of a and b, we will find a very large number of vertices.
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We developed the new Python module Figure 1 to find the number of combination positions of vertices. This model allowed
finding the number of combination positions of a large number of vertices. Manually very difficult to analyze the combination
position which satisfies the mean cordial labeling conditions, but very fast to find the combination position using this Python
module. Till now there is no computational method for this mean cordial labeling analysis and cordial labeling analysis.

impon Renocls

for x in map( join, itermools producti 0], repeat=n})
for i in range(n)

if w[i]=="0'

9.1 =gl

el 2l =="1

fl=gl+]

elif xlij="x

13=gi+]

for |l in range(t.n-1)

v=math ceil Dot {{int(xT=int(x[1+ 1110200
b= math ceilimt((GEnt(x[0]rirtixla -1 1y2.00)
if y==0

jlmgd+ |

if y==|]

fo=g+ |

iy

shepl+ 1

if ey

sd=sd+ 1

if b==]

1omg+]

if =3}

i5=pl+ 1

ifsl==m] and sl==gdm—m
if pd==ml and sSi==gph==mml
if s2==m | and § ] ==gi==m)
if sd==m and s5==gh==m.
ifsi==ml and s2==gl==m2
if sd==pn ) and s mmgplhms]
primt(x.s] 92 83 5455 56)

Fig 1. Python module to compute the possible combination of vertex in mean cordial labeling for Path P,,, Cycle C,, and Star graph.

Theorem 3.1:

Any path P, is mean cordial . Given a graph with mean cordial labeling of path P,,, the vertex position combinations
exhibit a predictable pattern that follows a power equation (Y=a*x") distribution.

Let P,, be a path graph with n vertices. Denote by V(P,,) the number of vertex position combinations that satisfy the mean
cordial labeling for P, .

Then, there exist constants a and b such that the number of vertex position combinations in P,, and satisfy the following
power equation:

V(P,)=a*n®

where a and b are constants that depend on the structure of the Path graphs P,,. n be the number of vertex in the path graph

Proof:

Python module to compute the possible combination of the vertex in mean cordial labeling for Path P,, The itertools
module in Python is a powerful library that provides a collection of functions for creating iterators. These functions are especially
useful for handling tasks like looping, generating combinations, and permutations, and performing other complex iteration-
related operations. Here we are using Itertools is a module in Python to generate iteration values of the repetitions 0, 1, and
2.

In this for loop represent the combination of 0, 1, 2 (vertex labeling) in n times.

Example:
If n=9 then we get 3° =19683 Combinations.
000000000, 000000001, 000000002,......... 222222222.

s1, s2 and s3 denote the number of vertices of 0, 1, and 2 respectively
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We have computed edge labeling using the mean cordial labeling formula

[(f(w)+ f(v)/2]

Here for loop is a control flow statement used in programming to repeatedly execute a block of code a specified number of times
or iterate over a collection of elements.

The values s4, s5, s6 and it represent the number of edge labeling values as 0, 1, and 2 respectively.

In P,, graph if n=9 we have substituted m1=m2=3 in the programming. We determined whether the graph is mean cordial
and identified all possible vertex combinations that satisfy the mean cordial labeling for the P,, graph. In the end, we calculated
the total number of valid combinations Table 1. We have observed up to n=50. We also found the constant value a and b. Next,
we plotted Figure 2 the relationship between the number of vertices and the number of vertex position combinations for the
Path graph. This graphical analysis revealed a power equation of the form Y=a*x" for the Path graph. We found three different
results in n (n=3,6,9..., n=4,7,10... and n=5,8,11..). These findings are valuable for research in network theory.

Table 1. The number of possible combinations of vertex that obey the mean cordial labeling of P, graph

n  Number of possible combinations n  Number of possible combinations n  Number of possible combinations
of vertex of vertex of vertex
12 5 22 6 54
54 8 100 9 192

10 192 11 364 12 525

13 525 14 1120 15 1188

16 1188 17 1506 18 2216

19 2216 20 2649 21 3689

22 3689 23 4305 24 5753

25 5753 26 6593 27 8529

28 8529 29 9636 30 12149

31 12149 32 13566 33 16748

34 16748 35 18523 36 22469

37 22469 38 24651 39 29462

40 29462 41 32102 42 37880

43 37880 44 41031 45 47886

46 47886 47 51602 48 59644

49 59644 50 63982

Theorem 3.2:

Any Cycle C,, is mean cordial . Given a graph with mean cordial labeling of C,,, the vertex position combinations exhibit
a predictable pattern that follows a power law (Y=a*x") distribution.

Let C,, be a cycle graph with n vertices. Denote by V(C,, ) the number of vertex position combinations that satisfy the mean
cordial labeling for C,, .

Then, there exist constants a and b such that the number of vertex position combinations in C,, and satisfy the following
power equation:

V(C,)=a* n®

where a and b are constants that depend on the structure of the Cycle graphs Cn. n be the number of vertex in the Cycle
graph

Proof:

A Python module was developed to calculate the possible vertex combinations in mean cordial labeling for a Cycle graph.
The itertools module, a versatile library in Python, plays a crucial role in this process by offering functions that create iterators.
These functions are particularly useful for tasks such as looping, generating combinations, and permutations, and performing
various complex iteration-based operations.

Itertools is a module in Python to generate iteration values of the repetitions 0,1 and 2.

In this program for loop represents the combination of 0,1,2 (vertex labeling) in n times.

The values s1,s2,s3 represents the number of vertex labeling values as 0,1,2 respectively

https://www.indjst.org/ 4114
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Fig 2. The number of vertex vs the number of possible combinations of vertex in mean cordial labeling for path P

If n=5 then, we get 3% =243 Combinations.
(00000,00001,00002,00010 ..... 22222)
We have computed edge labeling using the mean cordial labeling formula

[(f(w)+ f(v)/2]

Here for loop is a control flow statement used in programming to repeatedly execute a block of code a specified number of times
or iterate over a collection of elements.

The values s4, s5, s6 represent the number of edge labeling values as 0, 1, 2 respectively.

In C,, graph if n=5 we have substituted m1=1 and m2=2 in the programming. We determined whether the graph is mean
cordial and identified all possible vertex combinations that satisfy the mean cordial labeling for the C,, graph. In the end, we
calculated the total number of valid combinations. We have observed up to n=50 Table 2. We also found the constant value a
and b. Next, we have plotted the graph Figure 3 between the number of vertices and the number of vertex position combinations
for the Cycle graph. This graphical analysis revealed a power equation of the form Y=a*x" for the Cycle graph.

We found three different results in n (if n=3,6,9... there is no vertex position composition in the output because it is not
a mean cordial labeling but n=4,7,10... and n=5,8,11.. is a mean cordial graph). These findings are valuable for research in
molecular structural studies.

Table 2. Number of possible combinations of vertex and edges that obey the mean cordial labeling of C,, graph

n Number of possible combinations of vertex
4 8
5 20

Continued on next page
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Table 2 continued

7 42

8 80

10 160
11 253
13 455
14 644
16 893
17 1099
19 1608
20 1916
22 2654
23 3090
25 4110
26 4700
28 6055
29 6827
31 8576
32 9560
34 11762
35 12988
37 15707
38 17206
40 20506
41 22312
43 26259
44 28407
46 33071
47 35595
49 41047
50 43983
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]
T ]
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1e200
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Fig 3. The number of vertex vs the number of possible combinations of vertex in mean cordial labeling for Cycle C ;|

Theorem 3.3:

Any Subdivision of Star graph S(K; ,,) is mean cordial @), Given a graph with mean cordial labeling of S(K _n) graph, the
vertex position combinations exhibit a predictable pattern that follows an exponential growth law (Y=a*b* distribution. Let
S(K; ,,) be a Star graph with n outer vertices and one central vertex. Denote by V(S(K; ,,)) the number of vertex position

https://www.indjst.org/ 4116
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combinations that satisfy the mean cordial labeling for S(K ,,). Then, the number of valid vertex position combinations grows
exponentially with respect to n, following the equation:

V(S§(Ky ,,))=a"b"

where a and b are constants determined by the specific properties of the Subdivision of the Star graph.

Proof:

We are using Itertools to generate iteration values of the repetitions 0,1 and 2.

In this for loop represent the combination of 0,1,2 (vertex labeling) in m times.

In S(K; ) graph n=6 number of vertices m=13

We get 3" Combinations if m=13

Hence 33 = 1594323 combinations.

0000000000000, 0000000000001, 0000000000002,......... 2222222222222,

s1, s2 and s3 denotes the number of vertices of 0,1,2 respectively

We have computed edge labeling using mean cordial labeling formula

[(f(w)+ f(v)/2]

We determined whether the graph is mean cordial and identified all possible vertex combinations that satisfy the mean cordial
labeling for the S(K; ,,) graph. In the end, we calculated the total number of valid combinations. We have plotted the values
between the number of vertices and the number of vertex position combinations for the S(K; ,,) graph. This graphical analysis
Figure 4 revealed an exponential growth equation of the form Y=a*b* for the S(K; ,,) graph. We have calculated the number of
possible combinations up to n=15. The result clearly indicates that the number of possible combinations (Three different values
of n) of the S(K; ,,) graph obeys the exponential growth equation Y=a*b*. These findings are valuable for research in complex
networks.
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Fig 4. The number of vertex vs number of possible combinations of mean cordial labeling for S(K; ,, )

4 Conclusions

A new Python module was developed to find the mean cordial labeling for any given number of vertices, as well as to determine
the number of possible vertex position combinations that satisfy the mean cordial labeling conditions. In mean cordial research,
it has not yet been determined how many combinations of vertices are possible using a computer program and creating a
Python module, making this a novel approach to research. In contrast, previous research only explored mean cordial labeling
for the specific number of vertices only (number of vertices up to 10). From the above analysis, we have designed the Python
module and found a number of combination positions of vertices in Paths, Cycles, and Stars graphs. We got two different
results the Power equation obeys (y=a*x") mean cordial labeling of the Path and Cycle graph and the Exponential growth
equation (y=a*b*) satisfies the mean cordial labeling of the Subdivision of the Star graph. These results play an important role
in the deepest understanding of mean cordial labeling and its behaviors. Compared to other research our methods are novel
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and computational method. Mean cordial labeling of complex graphs and graphs containing a large number of vertices is easy
to analyze and predict. This Computational approach leads to analysis the molecular structure and network mapping.
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