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Abstract. This paper presents a computer system capable of
analyzing the databases of the results of the elections in Mexico,
using genetic algorithms to achieve efficient analyses that will
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serve for the creation of reports with the information generated, in
a shorter time than it can take to perform a manual analysis. The
developed system implements the Windows Forms environment
with the C# programming language and the SQL Server relational
database system. In this research, the variables related to the
execution time in the generation of reports will be measured, with
respect to the traditional method, in addition to collecting relevant
information that the system shows through experimentation.
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1 Introduction

Genetic algorithms (GA) were developed by John H. Holland in the early 1960s and are based on Charles Darwin's evolutionary
theory of natural selection as an optimization procedure characterized by basic operators: selection, crossbreeding and mutation.
These GAs start from an initial population of individuals (solutions) and generate offspring based on the characteristics of the best
individuals, according to the evaluation function (aptitude function). The new individuals replace the previous ones in such a way
that the population tends to converge towards the global solution of the problem to be optimized (Garcia, 2016; Ponce, 2010;
Cuevas, 2016; Holland, 1962). Examples of applications of GAs are route optimization, task optimization, automated management
of industrial equipment, machine learning, databases, pattern recognition, grammar generation, robot movement planning,
prediction, financial sector systems, among others (Goldberg, 1989; EAG, 2023).

In Mexico, the process of electing representatives is based on democratic elections at the federal and state levels. At the federal
level, 500 deputies are elected every 3 years, the president of the republic and 128 senators every 6 years. At the state level, the
governor is elected every 6 years, and municipal presidents and deputies of the state congress every 3 years (INE, 2024a). In 1991,
the Federal Electoral Institute established the Preliminary Electoral Results Information System to speed up the dissemination of
results. In 1994, the Preliminary Election Results Program was implemented to transmit data via telephone. Over the years, PREP
has been improved with the incorporation of new technologies, such as the Internet, to disseminate preliminary results and
databases for detailed analysis (INE, 2024b).

Until the end of the 20th century, a single political party dominated elections in most regions (Nohlen, 2005). However, starting
in 2000, elections became more competitive, marking a change in the predominant political party (Alonso, 2000). This political
change has generated the need to analyze electoral results, considering factors such as probabilities, statistical data from previous
elections, news about candidates and voting intention surveys (Kuschick, 2002).
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To address this analysis, the development of a system based on areas of knowledge of computational systems, such as
programming and AG, is proposed in this work. This system seeks to help political scientists in the formulation of predictions
through the search for patterns in electoral results by means of AG, using the electoral system in Mexico as a reference, with the
objective of knowing the probability of winning or failure of a candidate or political party in a future election through the
observation of electoral results over time. This work contributes to the generation of new knowledge regarding the use of
intelligent algorithms applied to the study of electoral behavior in a specific region (Pavia & Romero, 2022; Alaminos, 2023,
Ramirez, 2014). This system will take the results of the elections in a specific period, examining the positions obtained by each
political party in each vote. This will allow us to evaluate the probability that a political party can triumph in a future electoral
competition. In addition, the possibility of adapting the system to similar electoral systems in other countries is raised. The social
relevance of this research lies in its usefulness for political scientists, social analysts and political strategists by providing accurate
and detailed information on electoral results. This work also will contribute to the development of statistical systems for agile and
intelligent decision-making, taking advantage of current computing technologies.

2 Theoretical foundations

2.1 Programing language

To communicate with a computer, it is necessary to send instructions in a language that the machine can understand. Programming
languages are used to express algorithms or instructions using expressions, symbols and characters. The source code represents
the instructions written in a programming language, while the machine code is the direct way in which the computer can
understand them. A translator (or programming language processor) is responsible for converting the programming language to
machine code, allowing it to be executed by the computer (Deitel & Deitel; 2007).

2.2 SAP Crystal Reports

SAP Crystal Reports, developed by SAP SE, is a tool that enables the design and generation of reports. Its version for programmers
is integrated with Microsoft Visual Studio, offering a complete development kit (SDK) that allows the creation of reports from
various data sources. These reports can be customized visually, improving the organization of information and allowing the
definition of formatting criteria. It offers the ability to directly integrate reports into projects, access them from a file repository,
manually adjust the formatting and visualize the reports generated within the application. The creation of reports can be carried
out by coding or using a graphic designer included in the program (SAP, 2010).

2.3 Database

The term 'database’ refers to a collection of organized data represented by entities and interconnections. It is composed of complex,
shared structures designed to store and query information. Database models provide a conceptual description of how data works,
its relationships, meaning and consistency rules. Among them are the entity-relationship model and the relational model. These
databases aim to present an abstract view of the data, detailing how it is stored and the relationships between it, providing a general
understanding of the structure and operation of the database (Silberschatz, 2003).

2.4 Genetic Algorithms

Genetic algorithms are a set of adaptive methods inspired by natural selection and genetics. Their purpose is to solve problems by
mimicking the behavioral patterns of natural genetics. They start with an initial population of solutions, where those most effective
at solving problems survive and reproduce, combining their characteristics to generate new solutions. These algorithms are based
on the idea of natural selection, where the strongest individuals have the best chance of reproduction. They are part of evolutionary
computation and employ heuristic techniques inspired by the principles of natural evolution. They are commonly applied to
optimize parameters and address search problems (Gestal, 2000).
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3 Methodology
3.1 Information system methodology

The system has been developed using the C# programming language and use Windows Forms as its graphical interface. It is
connected to a database developed in SQL Server, in charge of storing and processing part of the necessary information. In
addition, for the generation of reports, SAP Crystal Reports for Visual Studio has been integrated, allowing the creation of reports
with a clear and adapted format for the user.

Data entry is carried out manually through an interface specifically designed for users to enter the required information, which is
then sent to the database. For this process, it is required to download spreadsheets containing information on election days,
generally organized by districts, sections or polling stations. In these sheets, the columns present general information of the region
and electoral data by political party or coalition, which requires assigning candidates corresponding to each registered political
party or coalition, given this format of information organization.

Developed system

Captured by the user Report delivery
to the system Data REDOI‘tS
collection generation
Basic 2
~ using
queries elic
algorithms.

2 I

reports generated by the system

databases provided by INE

System databases
Fig.1. Logical operation of the developed system

3.2 Genetic algorithms methodology

One of the modules implemented is the use of a genetic algorithm to generate a trend from certain values. The genetic algorithm
requires the data found in the system, the information is processed in such a way that an array of initial individuals can be created,
which we will call population, each individual will have its own genetic information (represented in binary system), then the
selection of individuals to be used for the cross is performed, these new individuals will undergo a mutation in their genetic
information randomly and through a function that will qualify each individual, will be selected to be part of the next generation.
This process will be repeated for several generations until a certain condition is met and the best individual or the most optimal
result is obtained.
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START of the algorithm
Array Initialization Datos_Electorales
Individuals Array Initialization
WHILE Cantidad_Generaciones THEN

Selection of individuals /[Probabilistic Tournament

Crossing of individuals //Two-point crossing

Mutation of individuals /[1-point mutation

Next Population //The best individuals are selected that

will be passed on to the next generation
END WHILE
Returns the Individual with the Best Aptitude
END of the algorithm

3.2.1  Definition of the problem to be optimized
For the analysis of the data in this module, it requires as input the electoral data of the days and political party selected, where it

will be stored in a matrix with the percentage obtained and the year it happened.

year, PercentageofVoteso]
electoralDatali,j] = \ ‘ 1)
year; PercentageofVotes;
This genetic algorithm seeks to minimize the difference between the generated trend versus the electoral data, where it can be

represented as follows:

Fitness = ?=0|electoralData[i, 1] — YL, (individual[j] * electoralDatali, 0]j| 2)

3.2.2  Initial population.

The structure of the individuals is related to the degree of the equation that is intended to be used to obtain the trend. The values
of individuals are randomly generated in the range of -1 to 1 considering floating point numbers; however, the values can change
during the process to values in the range of -100 to 100. To avoid problems such as the "Hamming Cliff* during mutation
operations, the representation of individuals in reflected binary or Gray code is used. This technique reduces the impact of the
Hamming phenomenon, ensuring a more stable evolution of individuals throughout the iterations of the genetic algorithm.

Individuals [n + 1] = [number,, number,, numbers, ..., number,]:2 <n <5 (3)

3.2.3  Natural selection.

The selection of individuals is carried out using the tournament method, specifically in its probabilistic variant. In this process,
two shuffles of the individuals' positions are performed and stored in two different arrays, each with a length equivalent to the
number of individuals in the population. This probabilistic tournament selection structure follows the following procedure:

shuf f le01[n] = [position, ... position,]

shuf f le02[n] = [position, ... position,] 4

166



Del Angel Nava et al. / International Journal of Combinatorial Optimization Problems and Informatics, 15(4) 2024, 163-172.

The tournament is carried out between the saved position in the 2 arrays, as shown below:

individualWinner
Individual[shuf f le01[n]], fitness(Individual[shu f le01[n]]) < fitness(Individual[shuf f le02[n]])

Individual[shuf f le02[n]], fitness(Individual|shu f le01[n]]) > fitness(Individual[shuf f le02[n]]

individualWinner
Individual[shuf f le01[n]], fitness(Individual[shu f le01[n]]) < fitness(Individual[shuf f le02[n]])

Individual[shuf f le02[n]], fitness(Individual[shu f le01[n]]) > fitness(Individual[shuf f le02[n]])

(%)
The genetic algorithm is configured with a probability of 0.5 to choose the fittest individual; therefore, 2 individuals with the
highest fitness are previously selected, which will pass directly as parents to avoid the loss of these during the execution of the

tournament. This strategy ensures that the fittest individuals can contribute to the generation of offspring without running the risk
of being excluded during the tournament competition.

3.24  Crossing phase
For the crossover process, the two-point method is used to generate the offspring. The probability of outcrossing is 0.5 with respect
to the number of individuals in the generation. This strategy allows the generation of new individuals from the combination of
genetic information of the parents, thus contributing to the genetic diversity of the population. In these step 2 points are selected
at random from the coded individual (genotype) where:

0 < position, < position, < individualLengthBinary (6)
This process is carried out with the purpose of exploring and further diversifying the space of potential solutions, to find more
optimal solutions or new genetic combinations that may be beneficial in the evolutionary process of the genetic algorithm.
3.25 Mutation
The mutation of the individual occurs with a probability of 0.2 where a single point within the coded representation of the

individual (genotype) is randomly chosen and its value is inverted, this helps to have a more diverse population that can approach
a more optimal solution.

4 Materials

The materials presented in Table 1 are those that were used to carry out the experimentation of this work. Equipment may
always differ and when they are similar versions or with an update that does not affect the procedure directly.
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Table 1. Equipment and Instrument Description

Equipment/Instrument Brand Model Supplier Remarks
Microsoft Visual Studio Visual Studio = Version 16.7.7 = Microsoft Environment Integrated
Community 2019 Corporation development for the .NET
platform
SAP  Crystal Reports: SAP Crystal = Version SAP SE SDK for authoring of reports
developer Visual Studio Reports 13.0.30.3805 within Visual Studio
version
Microsoft SQL  Server SQL Server Version Microsoft Database handler for SQL
Management Studio 18.8 15.0.18369.0 Corporation Server
SQL Server Express 2019  SQL Server 2019 Microsoft Data base engine
Corporation
Microsoft Office Excel Microsoft Office 360 Microsoft Sheet Program calculation
Office Corporation required for the reading of the
databases provided
Dell™ QOptiPlex™ 980 OptiPlex Mini tower Dell Processor: Intel Core i5 660

RAM Memory: 8GB
SSD hard drive 240GB

5 Analysis of results

For the purposes of this paper, the historical results of the elections in Mexico will represent the population, being the environment
with which we are going to work and take the data to carry out the analysis processes by the developed system. Because of the
magnitude of the data and the population where this work is developed, the historical results are taken as a sample of the elections
in the state of Tamaulipas (Mexico), Specifically, the electoral information from the cities of Reynosa, Victoria Clty and Tampico,
for the city council elections in 2007, 2010, 2013, 2016, 2018 and 2021. With the developed system, it is possible to carry out the
tests that allow preliminary results to be obtained for study. Information is obtained of the election results in spreadsheet format,
where it is advisable to organize at least to the most recent election day in the region that is intended to be studied. The information
can be entered into the system through an Excel spreadsheet format., this format is compatible with most of the files that are used
in the provide with the electoral results; matches are registered beforehand politicians and coalitions that competed on election
days. Once the information the relationship between candidates and political parties is recorded to process the information
correctly. The historical analysis consists of determining the trend based on the percentages obtained by one political party for
each election day held in a region that is registered in the system. The trend is obtained by means of a polynomial equation where
the user defines a grade from 2 to 5, which by means of a genetic algorithm will look for the optimal values that allow minimizing
the margin of error of the polynomial equation and allows to perform a prediction. The tests were carried out with the political
parties "Revolutionary Party", "National Party" and "National Movement" considering their coalitions, for the municipalities of
Reynosa, Victoria City and Tampico with the polynomial equation from second to fifth grade. The best results were obtained with
the third-degree polynomial equation, where the margin of error is smaller compared to the other tests and the trends make sense
with the data entered. An example is presented in Figures 2 and 3, where a notable margin of error is generated when there is a
high variation in any of the values and the trend does not manage to cover all the values, which, despite increasing the degree of
the equation, the margin of error and the forecast for the future become illogical compared to a lower degree, where the results
make sense with the data that has been entered.
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Generate Trend (Equation) Individuals [100 3| Generations |200

v

Degree of the polynomial equation |3 | Generation 200

Equation | [-0.0106813153276875]"3 + [0.33417257953765] "2 + [-4.91798275730525] "1 + [58.7273975738155] "0
Margin of error (+/-)% |54 7669878690775

Future forecast (%) |24 0970473792629

mam Percentages
Generation 139 trend
—— Generation 200 trend

4 5 6 7 8 9 m n 12 13 1 15 16

Figure 2. Analysis with third-degree polynomial equation

Generate Trend (Equation) Individuals 400 ‘s Generations 100 I+

Degree of the polynomial equation 5 k] 100

Equation [[-0.00152590218966964] 5 + [0.00152530216966964] 4  [0.654612033366274] "3 ~ [0 0686655985351337]2 + [-50 5333028152895) "1 ~ [57 60
Margin of error (+/-1% (305 615677882047 |

Future forecast (%) | 441.986724650946 |

600 B Percentzzes
Generation 99 trend
Generation 100 trend
400 —
_
200
/
0__ ~ \- —— ,‘_
-h‘i—__._‘_ | —
-200
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Figure 3. Analysis with fifth-degree polynomial equation

Another of the cases that were observed are those in which the political party has participated in few contests because it
is of recent creation, as can be seen in the case of the Figure 4 that the party has only participated on 3 occasions and the
value of the prediction is very high for the values that are held. At the time of decreasing the degree of the equation
polynomial, an equation is observed that allows logical values to be obtained even though the margin of error increases.
The result of the tests carried out with this type of analysis is shown in Tables 2, 3, 4 and 5, where the percentage of
margin of error per party is recorded (%) and the execution time of the genetic algorithm (seconds); In addition, the
parameters entered the genetic algorithm.
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Table 2. Test results considering 100 individuals, 100 generations, and a second-degree polynomial equation.

Region of study Percentage margin of error per match (%) /
Genetic algorithm execution time (Seconds)
Revolutionary Party National Party National Movement
Reynosa 14.05 % 19.74 s 32.53 % 17.83s 41.42 % 7.30s
Victoria City 76.93 % 16.81s 28.81 % 16.28 s 33.38% 7.18s
Tampico 41.06 % 17.11s 17.44 % 18.27 s 35.47 % 7.93s

Table 3. Test results considering 200 individuals, 100 generations, and a third-degree polynomial equation.

Region of study Percentage margin of error per match (%) /
Genetic algorithm execution time (Seconds)
Revolutionary Party National Party National Movement
Reynosa 115.61 % 28.94s 28.97 % 28.95s 25.70 % 14.07 s
Victoria City 36.74 % 26.17 s 35.98 % 26.03 s 20.25 % 12.50s
Tampico 70.01 % 26.49s 39.08 % 28.26 s 5.26 % 15.38s

Table 4. Test results considering 300 individuals, 100 generations, and a fourth-degree polynomial equation.

Region of study Percentage margin of error per match (%) /
Genetic algorithm execution time (Seconds)
Revolutionary Party National Party National Movement
Reynosa 73.60 % 52.22's 46.84 % 50.15s 28.15% 26.42 s
Victori City 158.08 % 46.21s 36.54 % 45.96 s 17.73 % 24.69 s
Tampico 124.45 % 50.51s 58.64 % 50.96 s 11.88 % 28.29s

Table 5. Test results considering 400 individuals, 100 generations, and a fifth-degree polynomial equation.

Region of study Percentage margin of error per match (%) /
Genetic algorithm execution time (Seconds)
Revolutionary Party National Party National Movement
Reynosa 70.93 % 86.36 s 105.03 % 92.29s 31.47 % 48.76 s
Victori City 758.26 % 86.76 s 260.67 % 82.24 s 55.57 % 4545
Tampico 85.23 % 89.92 s 377.55 % 90.51s 27.83 % 53.17s

The genetic algorithm executed for this analysis was carried out between 100 to 400 individuals with 100 generations,
which allows obtaining an average response time of 38.58 seconds from the data that can be seen in the graph. These
times are related to the number of individuals, although these values may change as the number of generations increases,
as can be seen in Figure 4.
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Figure 4. Time/Generations relationship generated by the performance of the computer system.

The proposed system for the analysis of electoral results turns out to be efficient for cases of study in delimited regions,
because it is required to enter the information of manually, in addition to requires installation of the software on a
Windows 10 or compatible computer. It is recommended to migrate this system to a web application format, to eliminate
the requirement of installation on a computer and thus reduce resource consumption by the client, in addition to
improving the way of presenting reports on different devices that have a browser, with a responsive web design. In the
case of the historical analysis, the genetic algorithm presented good results by matching the trend with respect to the data
entered in most cases, however, the use of other algorithms or methods to improve these parameters is not limited.

6 Conclusions

The computer system presented in this work meets its proposed objectives if there is the greatest amount of information available
in the system, being a very important factor when performing the analysis of the results. For the historical analysis, a genetic
algorithm was implemented to generate a polynomial equation that would show the trend of the electoral results and with it have
the possibility of making predictions for the future. The margin of error shown by the implementation of the genetic algorithm is
considered good in those histories where their values do not have high variations and where there are sufficient values to
approximate the trend. The implementation of the genetic algorithm obtained an adequate execution time, without affecting the
user experience when generating this type of analysis and allowing to see the evolution of trends over generations. In general, the
computer system for the analysis of electoral results meets most of their expectations, being a useful tool for consulting
information.
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