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Abstract

As science developed, heuristic methods began to be used in graph coloring. Heuristic methods that
have been used for graph coloring include Genetic Algorithm, Tabu Search, and Ant Colony Algorithm.
A Genetic Algorithm is a method for solving optimization problems. In this study, the Genetic
Algorithm will be used for the issue of labeling irregular vertices of inclusive distances to label any graph
inclusively. We restrict an inclusive 1-distance to a simple graph using one-point crossover and
mutation. The steps are a generation of random chromosomes, evaluating chromosome fitness values
with tournament selection, conducting an evolutionary process consisting of one-point crossover and
mutation, repeating the process until the termination critetia are met. The results of implementing the
genetic algorithm on inclusive labeling can be determined by the chromatic number based on the
adjacency matrix. The results of this labeling can be used as an alternative solution to the problem of
inclusive labeling.
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Abstrak

Seiring berkembangnya ilpu pengetahnan metode heuristic mulai dignnakan dalam pewarnaan graf. Metode heuristic
_yang telab digunakan untuk pewarnaan graf antara lain Algoritma Genetika, Tabu Search, dan Algoritma Semut
(Ant Colony). Algoritma Genetika merupakan metode untuk menyelesaikan masalah optimasi. Pada penelitian ini,
Algoritma Genetika digunakan nntuk masalah pelabelan titik tak-teratur jarak inclusive agar dapat melabeli sebarang
graf secara inclusive. Kami membatasi lingkup penelitian dengan menerapkan jarak inclusive 1 pada graf sederhana,
menggunakan crossover satu titik dan mutasi. Metode yang digunakan dalam penelitian ini adalab studi literatur dengan
mengkaji penggunaan Algoritma Genetika pada pelabelan titik tak-teratur jarak inclusive suatu graf. Langkab-langkab
yang dilakukan adalab: pembangkitan Rromosom secara acak, evaluasi nilai fitness kromosom dengan tournament
selection, melakukan proses evolusi yang terdiri dari crossover satu titik dan mutasi, pernlangan proses sampai
kriteria pemerbentian  terpenubi. Hasil implementasi algoritma genetika pada pelabelan inclusive adalab dapat
mengetabui bilangan kromatik berdasarkan matriks adjacency. Hasil pelabelan ini dapat dijadikan sebagai salah
satu alternatif penyelesaian masalabh pelabelan inklusif.

Kata Kunci : Algoritma Genetika; pelabelan graf; pelabelan inklusif.

1. INTRODUCTION

Labeling is one part of Graph Theory. Graph labeling was first introduced by Sadlack [1], then
Stewart [2], Kotzig and Rosa [3]. Graph labeling is a function that maps elements of a graph to a
specific set of integers. Graph labeling is grouped into vertex labeling, edge labeling, and total labeling
(vertex and edge) based on the elements. At present, graph labeling has been widely developed along
with the development of science. Slamin [4] introduced a new type of irregular labeling, called on-
distance vertex irregular labeling. The labeling evaluation is based on the surrounding elements
adjacent to the reference vertex (the vertex to be labeled). Almost the same concept was introduced
by [5], namely on inclusive distance vertex irregular labeling. The difference in the labeling concept is
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based on how to calculate the weight. I inclusive distance vertex irregular labeling is a vertex labeling
with the weight of the point v € V(G) is the sum of the labels of the vertex v and all the labels of the
vertex that are 1-distance from the vertex v.

As science developed, heuristic methods began to be used in graph coloring. The heuristic
method is a solution using the concept of an interactive approach to producing a solution that is close
to optimal [6]. Heuristic methods that have been used for graph coloring include Genetic Algorithm,
Tabu Search, and Ant Colony Algorithm.

A Genetic Algorithm is a dynamic random searching algorithm used to solve optimization
problems. John Holland invented it in the 1960s. The Genetic Algorithm is based on the biological
methods to produce the solutions (next population) [7]. Modeling is carried out in the form of an array
to apply the Genetic Algorithm to graph problems. We encode the graph into an array based on the
adjacency matrix. Genetic Algorithms are stochastic search methods that are applied widely in
engineering, medicine, and machine learning problems [7]. In previous research, Genetic Algorithms
have been commonly used in graph theory. Nirmala and Ramprasad [8] applied Genetic Algorithms
to Graph Theory. Hindi and Yampolskiy [9] applied Genetic Algorithms to Graph Coloring Problems.
Barod, Hawanna, and Jagtap [10] applied Genetic Algorithms and Memetic Algorithm to Graph
Coloring. Assi, Halawi, and Haraty [11] say that the Genetic Algorithm Analysis using the Graph
Coloring Method for Solving the University Timetable Problem. Anggraini, Rosyida and Asih [12]
Graph Coloring Problem Solution with Genetics Algorithm. Based on this, we use a Genetic
Algorithm for the problem of an inclusive distance vertex irregular labeling so that it can label any
graph inclusively. We restrict our research by applying an inclusive 1-distance to a simple graph, using
one-point crossover and mutation.

2. METHODS

The method used in this research is a literature study by examining the use of Genetic Algorithms
in inclusive distances vertex irregular labeling of a graph [13]. After reviewing the application of the
Genetic Algorithm for graph labeling, the implementation of the Genetic Algorithm in graph labeling
will be used as a problem that will be studied more deeply. The steps taken in solving the graph labeling
problem using the Genetic Algorithm are: generation of random chromosomes assuming the graph
has become an adjacency matrix, finding the chromosome fitness value with tournament selection,
carrying out an evolutionary process consisting of one-point crossover and mutation, looping until
termination criteria are met. The final result is a graph labeling with chromatic numbers and no
neighboring vertices with the same weight.

The following method is to create a program with MATLAB. At the end of our research, we
present the results and conclusions to analyze the solution to our problems. Analysis of the results
carried out with the criteria is considered good if the results obtained are close to or equal to the actual
results.

3. RESULTS AND DISCUSSIONS
This section will discuss the implementation of genetic algorithms on several graphs based on
previous research. The following will present the results of the performance of the genetic algorithm.

Solving the inclusive vertex labeling problem using a genetic algorithm is done by modeling the graph
into the form of an adjacency matrix. The process starts with chromosome construction, evaluation
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of fitness values, selection, crossover, and mutation using a matrix basis. Implementing the genetic
algorithm is a repetition of the entire process above. So it is necessary to explain the process.

Table 1. Results of Genetic Algorithm Implementation [5].

Previous Research

. Genetic Algorithm
Graph Type dis
Si 0o -
S 2
S 4 [2]1]2[4[3]
S; 7 [3[2[4]3[5]1[7[6]
Si1 11 [t J1[3]9]2]4J10]8]7]6]5]
P, 00 -
P; 2
Ps 3 [3[2[1]1]1]
Py 3 [1[1]1[2]2]3[3]3]
Pi 5 [t[1[4]5[5]5]2[43]1[1]2]
Cs 00 -
Cs 4
Cs 3 [t[1[1]2]3[3]
Co 4 [1[2]2[3[4[3[4f1[1]
Ci3 5 [1[1[1[3]3[2]5]5[5[4[4[3]2]
Byss 5 [4l4]1]2[3]1]4]5]
B3 6 lo[3]1[1]ef4]2][3]5]
By 7 Lol7]1]2[1]6c[4[3]5]7]
Boa 4 [t[1[3]2]4[3[3[3[3[4[2]
Bys 5 [1[1[3]2]4f2]5]5[5[4]2[5]1]
By 6 [ofofaf1[2]3][5]cf4]1[5[3]2[1]4]
Fss 4 [2][3[4]4f3[1]4faf1]1[2]4]
Fys3 5 [5[1[s5]1]5[1[3]4[5[3]5[4]5]5[5]4]
Fs 3 6 [t]2]1]ef2]2fcf6f4]3[2[6cf6[5]6[5][3[2[6]0]
Co2 7 [5[7[1]7[3]6f1[4f2[7[1]7[3][6f1]6c[1]5]
Cr2 8 [7]7]cf1]2f1]ef4f6[2[3][5]7[4[1[8[7[8][3[6[3]
Ca 2 ofofof1[8[s5[1Joefs]8[4[1[8[8[2]0[2[1[2[9[7[9[3[3][5]

3.1 Modeling a Graph into an Adjacency Matrix
The input used in this research is the adjacency matrix of a graph which is defined as follows:

_ {1, if there is an edge {u, v}
&j = 0, if there is no edge
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Example:
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Figure 1. Graph G.

The following is the adjacency matrix of graph G (M) from Figure 1:

[ A B C D E
[A 0 1 0 1 0]
|IB 10 0 1 1]
M=1c 000 1 1|
Ilp 111 0 1|
E01110J

The adjacency matrix will then be modified to calculate the weight of inclusive labeling. The
following will present the results of the modification of the adjacency matrix:

[ A B C D E
4 1101 0|
B 11 0 1 1l
M=1c 001 1 1|
lp 1111 1|
g 0111 1/

3.2 Chromosome Construction Based on Adjacency Matrix and Evaluation of Fitness Value

The first process is defining the number of chromosomes that have been determined at the
beginning of the program, i.e., four chromosomes. These chromosomes will later represent the labels
of the vertices on the graph.

Chromosome 1: [2 2] 1]2]2]

Chromosome 2: |1 |1 |2 |2 |2
Chromosome 3: |1 (2|2 |12

Chromosome4:|l|l|2|2|2|

Each chromosome will be multiplied by the adjacency matrix to get the inclusive labeling weight value.
The following is an illustration of the calculation of the weight value, which will later determine the
fitness value:

[11010]

1 1 0 1 1|
[272]172]2] - lo o 1 1 1|= [6]8]5]9]7]
[1 111 1
001 1 1 1
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The product of the adjacency matrix of graph G with one of the chromosomes is obtained by the
weightvalue6 8 5 9 7.Fitness values are defined based on two things, i.e., the label that appears
and the similarity of the number of weights. The following is the calculation of the fitness value from

the label results above:

1 ot 1.
fW+ N *pl) 2+5x0 2 7

with the largest label f(v), which is 2, several vertex N, which is 5, and labeling error / the same
number of weights p(v). Because no vertex has the same weight, p(v) is 0. If there is a label error
with the same value vertex weights, the labeling is inappropriate. Based on this, the resulting fitness
value will be smaller when weights are similar. The smaller the fitness value, the smaller the probability
of selecting the chromosome. This is because the best chromosome will be selected in the selection
process.

Chromosome Fitness Value 1: 0.50,
Chromosome Fitness Value 2: 0.14,
Chromosome Fitness Value 3: 0.50,
Chromosome Fitness Value 4: 0.14.

3.3 Evolution Process

Each fitness value will be selected so that the best chromosome is obtained. The selection process
is carried out using the tournament selection method. This selection will choose and compare the
fitness value of each chromosome so that the two most significant values are obtained in each
generation. These two chromosomes will be used in the evolutionary process.

Chromosome Fitness Value 1: 0.50,
Chromosome Fitness Value 3: 0.50.

The evolution process in the Genetic Algorithm consists of crossover and mutation. Crossover
is done to get a new chromosome. The new chromosomes are obtained by crossing parts of each
chromosome that have gone through the previous selection process. The crossover process is carried
out at a predetermined point without a random process. This research's selection of crossover points
is based on positive integers from the mean chromosome value. The following will present the
crossover process with two predetermined chromosomes.

Example:

Chromosomel:|2|2|l 2|2|

Chromosome 2: [ 1 [2]2]1]2]

The first step is to determine the crossover point. As in the example of the chromosome consisting
of 5 genes, a crossover point is obtained 3. The selection of the crossover point does not use a random
process because the random process allows the chromosomes got to be more comprehensive. This
can result in a longer computation time required. Based on this, the chromosome will be divided into
two parts at a predetermined crossover point. Furthermore, each part of the chromosome will be
crossed with another chromosome. The results of this crossover process are presented below.
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Chromosome 3: [2][2]1]1]2]

Chromosome 4: [1][2]2]2]2]

Unlike the crossover process, mutations are carried out in each gene based on a predetermined
mutation rate. Mutations are carried out provided that if the generated random value is less than equal
to the mutation rate, the gene will be mutated.

Example:

[2]2]1]1]2]

For example, generate any random number for each gene in sequence. When the first gene's random
value is x and is more than equal to the mutation rate, then the value of the first gene will not be
mutated. This also applies if the random value in the fourth gene y is less than equal to the mutation
rate, then the value of the fourth gene will be mutated so that it is obtained as follows.

[2]2]1]2]2]

The entire process above will continue to be carried out until it meets the termination criteria.
This research uses the termination criteria: the number of generations and convergent solutions.
Figure 2 shows that the labeling of graph G has converged at a value of 0.5. Therefore, the process
will be stopped. The following presents the results of the simulation of the implementation of the
genetic algorithm.

0.5

0.45

04

0.35

0.3

0.25

0.2

0.15

01

Figure 2. G Fitness Score Chart.

3.4 Simulation

1. Generating Chromosomes
Chromosomes will be generated randomly from numbers 1 to 2 based on the lower bound value.
Chromosomes have generated a total of 4 based on the provisions of the researcher. Table 2
presents the initial generation of chromosomes.
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Table 2. Initial Chromosomes.

i Chromosomes (v)

1 2111222
2 11111121
3 1111122
4 11112122

Evaluation of Fitness Value
Chromosomes will be evaluated for many labels and weighing errors based on the chromosome
product with the adjacency matrix on the graph. Table 3 presents the evaluation process.

Table 3. Initial Chromosomal Evaluation.

i Chromosomes (V) Labels f(v) Weighting Error p(v) Fitness Value
1 2011222 2 1 0.14
2 11111121 2 2 0.08
3 111122 2 1 0.14
4 1111222 2 1 0.14

Selection
The selection process is carried out by selecting each generation's most significant fitness value.
Selection results will be presented in Table 4.

Table 4. Chromosomal Selection.

Selection Result Chromosomes Fitness Value
1 21112212 0.14
3 1111122 0.14

Crossover
The crossover process is carried out with a one-point crossover. The crossover point is selected
based on the gene mean by rounding off. Table 5 presents the crossover process.

Table 5. Crossover Process

Parent Chromosomes Crossover Result
21112212 21112 |22
111122 1111122

Mutation

The mutation process is carried out to change a gene with a random number between 1 to 2 based
on the lower bound. Mutations are carried out with a predetermined mutation rate. Table 6
presents the mutation process.

Table 6. Mutation Process.

Parent Chromosomes Mutation Result
211121212 211121212
111111212 1111222

Evaluation of Termination Criteria
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The new chromosomes resulting from the evolutionary process will be recombined with the
parent chromosomes. After forming a new population, we evaluate whether the evolutionary
process can continue or stop. The results of chromosome regeneration are presented in Table 7.

Because the minimum labeling with zero weighting error has not been found, the evolution
process will continue to be repeated from selection, crossover, and mutation. The evolution process
stops at the 30th generation, with the fitness value obtained has converged as much as 25. The final
result of the evolution process is four chromosomes with a fitness value of 0.50. The following are
the evolutionary process results, which will be presented in Table 8.

Table 7. Evaluation of Early Chromosomal Regeneration.

i Chromosomes (v) Labels f(v) Weighting Error p(v) Fitness Value
1 111 (122 2 1 0.14
2 1111222 2 1 0.14
3 211121212 2 1 0.14
4 111 (2)2]2 2 1 0.14
Table 8. The 30t Generation Chromosome Results.
i Chromosomes (v) Labels f(v) Weighting Error p(v) Fitness Value
1 1121222 2 0 0.50
2 1121222 2 0 0.50
3 112222 2 0 0.50
4 |1 ]2]2]2]2 2 0 0.50

Based on the results above, four labels are considered feasible/entire, with all the labels having
the same genes. Implementing the genetic algorithm on graph G shows that the largest k value/label
is two so that dis(G) = 2. If we review based on previous research, we get dis(G) = 2. This indicates
that the evolution results provide an appropriate labeling value because they get the same dis(G) value.

4. CONCLUSIONS

The results of the implementation of the genetic algorithm on inclusive labeling can be seen in
the chromatic number, which follows previous research. The results of this labeling are based on the
adjacency matrix, and there is no equal weight on the labels. The results of this implementation can
be used as an alternative solution to the inclusive labeling problem.

We suggest applying genetic algorithms to labeling other graphs with any n vertex or complex
graphs for further research. Further research can use different algorithms such as tabu search, ant
colony, or others for inclusive labeling.
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