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Abstract 

 

Mexico faces a significant public health problem related 

to the eating habits of the population. More than 50% of 

the world's obese people live in 10 countries, including 

Mexico (Ng et al., 2014). In 2014, Mexico had the highest 

obesity prevalence rate in Latin America (PAHO, 2016a). 

The prevalence of obesity in adults in the state of Guerrero 

in 2012 was 71.5% (Barquera, 2012) The objective of this 

research was to generate a diagnosis of these conditions in 

both urban and rural locations in the seven regions of the 

state of Guerrero. The information was analyzed using an 

information system called SIOB, which is a technological 

tool developed to collect information from the population 

with a sample of 23,000 people, users of the public health 

sector of the state of Guerrero. We used the Weka tool of 

the University of Waikato (Eibe et al., 201d6) to generate 

a visible decision tree that shows the prevalence of these 

conditions in the state of Guerrero. It is considered that 

these visualization tools can help in the implementation of 

public policies that contribute to the prevention of these 

chronic degenerative diseases. 

 

 

 

 

ID3, Decision Tree, Obesity 

 

Resumen 

 

México enfrenta un importante problema de salud pública, 

relacionado con los hábitos alimenticios de la población. 

Más del 50 % de las personas obesas del mundo viven en 

10 países, incluido México (Ng et al.,2014). En 2014, 

México tenía la tasa de prevalencia de obesidad más alta 

de América Latina, (PAHO, 2016a). La prevalencia de la 

obesidad en adultos en el estado de Guerrero en 2012 fue 

de 71.5% (Barquera, 2012). La presente investigación 

tuvo como objetivo generar un diagnóstico de estos 

padecimientos tanto en las localidades urbanas como 

rurales de las siete regiones del estado de Guerrero. La 

información se analizó utilizando un sistema de 

información denominado SIOB, que es una herramienta 

tecnológica desarrollada para recabar información de la 

población con una muestra de 23,000 personas, usuarias 

del sector público de salud del estado de Guerrero. Se 

utilizó la herramienta Weka de la Universidad de Waikato 

(Eibe, et al., 2016) para generar un árbol de decisión 

visualizable que muestra la prevalencia de estos 

padecimientos en el estado de Guerrero. Se considera que 

estas herramientas de visualización pueden auxiliar en la 

instrumentación de políticas públicas que contribuyan a la 

prevención de estas enfermedades crónico-degenerativas. 
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Introduction 

 

The role of technology in the Health Sector Plan 

2013-2018 in the ENSANUT MC (2016) 

maintains that health is an indispensable 

condition for people's well-being and is one of 

the fundamental components of human capital 

(Correa, 2008). Likewise, INEGI (2009) and 

CONAPO (2013) maintain that advances in the 

population's health status are mainly due to the 

conditions in which people are born, grow, live, 

work and age. Progress in education, income 

level, food, housing conditions, among others, 

are conditions that influence people's health 

status and are known as social determinants of 

health.  

 

Concerning progress in the diet of the 

population in Mexico from the nutritional point 

of view, the Sectoral Health Plan (PROSESA, 

2013-2018) reports the following: That one of 

the leading chronic diseases that cause a 

significant number of deaths in both women and 

men from age 20, exacerbated in those over 65, 

is the prevalence of overweight and obesity, as 

well as unhealthy lifestyles, causing the leading 

causes of death among the adult population such 

as diabetes mellitus and ischemic heart disease. 

 

Besides, the Ministry of Health, through 

a National Survey on Health and Nutrition in the 

Midwest (ENSANUT, 2012), conducted a study 

of the nutritional situation in four regions 

(North, Center, Mexico City, and South), their 

urban and rural locations.  

 

This study shows that almost 4 out of 10 

adolescents are overweight or obese, and seven 

out of 10 adults are overweight, with a combined 

prevalence of 72.5%, compared to 71.2% in 

2012. On the other hand, Mexico belongs to the 

nations with the highest adult obesity in the 

world, this according to the Organization for 

Economic Cooperation and Development 

(OECD, 2017) and the countries with the highest 

prevalence are The United States, with 38.2%, 

Mexico, with 32.4% and New Zealand, with 

30.7%. For this, it is projected that obesity in 

Mexico will increase to 39% by 2030.As a 

consequence, obesity is the leading risk factor 

for the development of type 2 diabetes, 

presenting a critical dimension, occupying the 

first place in the world, in terms of people who 

suffer from it within the age range of 20-79 

years. 

Mexico is characterized by notable 

differences in overweight or obesity between 

regions, urban/rural localities, and in the 

different socioeconomic levels and the states of 

very high marginalization such as Oaxaca, 

Chiapas, and Guerrero (Larose, 2005). 

      

From the analysis carried out in the 

studies mentioned above, we knew the 

magnitude and distribution of the problem in our 

country, its association with other risk factors, 

and even some of its consequences stratified by 

region, socioeconomic level, and locality. From 

this knowledge of the situation that Mexico 

presents in terms of overweight and obesity, it 

has been possible to identify the need to have a 

diagnosis that contributes to pinpoint the profile 

of the health conditions of indigenous and non-

indigenous populations that live in localities of 

high and very-high marginalization in Guerrero. 

 

According to the World Health 

Organization (WHO) (2008), Guerrero is a state 

that continues to rank first in terms of obesity 

and overweight. This diagnosis was carried out 

with the goal of publicizing the state of nutrition 

safety in various entities in Mexico and thus be 

able to develop strategies for the prevention and 

control of this condition, as well as generate a 

tool to support decision-making that allows for 

the development of objective, effective, and 

efficient public policies that contribute to the 

eradication of the problem. 

 

Implementation of the ID3 algorithm: 

Description of the Method 

 

The first step in collecting the data was the 

creation of a system called SIOB for the 

collection, storage, and processing of 

information in the general hospitals and centers 

of the public health system in the state of 

Guerrero. It is worth mentioning that the state of 

Guerrero has approximately 1165 medical units. 

The SIOB system thus has information on the 

nutritional status of the population and identifies 

in which region of the state there is a higher 

concentration of overweight.  

 

In Table 1, we show some data that the 

SIOB system collects for the seven regions of the 

state of Guerrero. This system was developed 

according to the norms of the World Health 

Organization (WHO) to calculate the Body Mass 

Index (BMI) and classifies the results of the 

sample by age and gender.  
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This standard suggests obtaining the 

BMI according to the age and gender of each 

patient (Gallardo 2015). 

 
Attribute Stored on 

SIOB 

Platform 

Discretization for 

Arff 

Gender  Masculine, 

Femenine 

M, F.  

Region  1,2,3,4,5,6,7 Acapulco, Center, 

Mountain, Tierra 

Caliente, North 

Zone, Costa Chica, 

Costa Grande 

Diagnosis  Low Weight 

Mild 

malnutrition 

Moderate 

malnutrition 

Severe 

Malnutrition 

Normal 

Overweight 

Obesity 

Obesity I 

Morbidly 

Obese 

– BP 

– DL 

– DM 

– DS 

– NM 

– OBD 

– OBU 

– OM 

– SP 

 
Table 1 Information used for this study 

 

The information generated by SIOB is 

produced from interviews with patients who 

attend the medical units of the State Health 

Services in the state of Guerrero. The diagnoses 

obtained by the system can be the following: 

Underweight (LP), Mild Malnutrition (ML), 

Moderate Malnutrition (MD), Severe 

Malnutrition (SD), Obesity (OBD), Normal 

(NM) First Grade Obesity (OBU) Morbid 

Obesity (OM), Overweight (SP). 

 

The proposed sample for this diagnosis 

was the following:  

 

– Population universe: 3, 533,251 People 

– Geography: State of Guerrero 

– Sample collected: 23,000 people 

– Sample Valid for study 17,143 

– Civilian population living in one of the 7 

regions of the state of Guerrero.  

– Instrument: Personal interview in medical 

units (SIOB) 

 

Data Selection and Discretization 

 

– 17,143 patients were selected, derived 

from the careful analysis, these data 

ensure the integrity of the information. 

(complete, without duplication, etc.) 

–  The selected patients are over 1.40 cm 

tall (this is used as a filter that helps us 

stratify the appropriate age segment for 

the study) 

– All selected patients are over 19 years of 

age since, according to the WHO, the 

body mass index (BMI) has a generic 

way of being calculated. 

–  All patients are residents of one of the 7 

regions of the state of Guerrero. 

– All the data was captured from 

interviews with patients who attended the 

health sector consultation service.  

 

This information was discretized in a flat 

text file so that it could be analyzed with the ID3 

algorithm (Quinlan, 1996) and consequently 

generate a decision tree diagram that allowed us 

to visualize the processed data. The ID3 

algorithm is used as a metric to select the best 

attribute to divide the data into homogeneous 

classes, which "learns" from the difference 

between the data to be analyzed. That is, a divide 

and conquer procedure, which maximizes the 

information obtained (Gallardo, 2015). This 

algorithm is used within the field of artificial 

intelligence to achieve a search for hypotheses 

or rules in it, given a set of examples issued by a 

set of data. The ID3 searches for the best 

attribute that is established by entropy, which 

measures the degree of organization of the 

system, choosing the attribute that provides a 

better gain of information. 

 

Implementation of the ID3 algorithm  

 

Data discretization and processing in the 

Waikato Environment for Knowledge Analysis 

(WEIKA) tool. 

 

WEKA: Waikato Environment for 

Knowledge Analysis (Witten, I. H., Y Frank, 

2005) is a tool that supports different standard 

data mining tasks, especially, data pre-

processing, clustering, classification, regression, 

visualization, and selection. All Weka 

techniques are based on the assumption that the 

data are available in a flat file, where each data 

record is described by a fixed number of 

attributes, usually numerical or nominal, 

although other types are also supported. 
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One of WEKA's requirements for 

optimal operation is that once discrete 

information has been achieved, the data must be 

transferred to a plain text file with the extension 

Arff. We call this procedure pre-processing (see 

Table 2). 

 

Preparation (Arff) Attribute Relationship 

File Format.  
 

%2. Sources: 

%    (a) Iván Gallardo Bernal 

%    (c) Date: Noviembre, 2018 

%3. Past Usage: 

%4. Relevant Information Paragraph:    

%   paciente          Muestra 

%   Género            Masculino, Femenino 

%   Diagnóstico    Tipo de diagnóstico  

%   Estatura           Estatura del paciente 

%   Edad               Edad del paciente 

% 5. Number of Instances: 17144 

%    (instances completely cover the attribute space) 

% 6. Number of Attributes: 2 

% 7. Attribute Values: 

%    Genero        1,0 

%    Diagnóstico        1,0  

%    Estatura           1,0    

% 8. Missing Attribute Values: none 

% Information about the dataset 

% CLASSTYPE: nominal 

% CLASSINDEX: last 

 

@relation PACIENTE 

 

@attribute Genero {1,0} 

@attribute Diagnostico {1,0}  

@attribute Estatura {1,0} 

@attribute Edad {1,0.5,-1} 

 

@data 

 

0,1,1,-1 

0,1,1,-1 

0,1,1,-1 

0,1,1,-1 

0,1,1,-1 

0,1,1,-1 

0,1,1,-1 

0,1,1,0,5 

0,1,1,-1 

0,0,1,0,5 

1,0,1,-1 

0,0,0,-1 

0,0,1,1 

0,0,1,0,5 

0,0,0,-1 

1,0,0,-1 

1,0,0,-1 

1,0,1,-1 

 
Table 2 Plain Text Arff, Source: Prepared by the authors 

 

Figure 1 shows the data entry interface of 

the Weka tool.  

 

 
 
Figure 1 Data entry to the Weka tool 

Source: (Weka, 2005) 

 

Figure 1 shows the capture of the .Arff 

file for the program to identify the relationships 

of the attributes which will be processed with the 

ID3 algorithm.  

 

 
 
Figure 2 Data Processing in Weka 

Source: Prepared by the authors from the data of the 

author 

 

According to the information processing 

(Figure 2), the following data matrix was 

obtained and used as classifiers for the 

elaboration of the decision tree. (Table 3) 

 
Gender = M 

|  DX = BP: CENTRO 

|  DX= DL: CENTRO 

|  DX = DM: MONTAÑA 

|  DX = DS: CENTRO 

|  DX = NR: MONTAÑA 

|  DX = OBD: CENTRO 

|  DX = OBU: MONTAÑA 

|  DX = OM: CENTRO 

|  DX = SP: MONTAÑA 

     Gender = F 

|  DX = BP:MONTAÑA 

|  DX = DL: MONTAÑA 

|  DX= DM: CENTRO 

|  DX = DS: MONTAÑA 

|  DX = NR: CENTRO 

|  DX = OBD: MONTAÑA 

|  DX = OBU: CENTRO 

|  DX = OM: MONTAÑA 

|  DX = SP: CENTRO 

 
Table 3 Gender Confusion Data Matrix  

Source: Prepared from the data of the authors 
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A data jumble matrix is a tool that allows 

the visualization of the performance of an 

algorithm used in supervised learning. One of 

the benefits of confounding matrices is that they 

make it easier to see if the system is confusing 

two classes. This tool is used within the scope of 

artificial intelligence, and its use is encompassed 

in the search for hypotheses or rules, given a set 

of examples. Table 4 shows the data and regions 

that will be processed for the creation of the 

decision tree. 

 

Amount of data analyzed by region Regions 

a b c d e f g Classification 

1818  114 0 9 0 4 1 a: Center 

1791 117 4 11 0 3 2 b: Mountain 

1327 90 3 5 0 0 1 c: Costa Chica 

 1381 85 1 3 0 0 1 d: Consta  

    Grande 

1378 84 9 9 0 0 0 e: Acapulco 

1365 86 6 2 0 3 0 f: Tierra  

    Caliente 

1374   85 4 7 0 1 0 g: North 

 
Table 4 Confusion Matrix of Regions 

 

In the confusion matrix by region, we 

have the following data:  

 

a. is the number of correct negative class 

predictions (actual negatives) 

b. is the number of incorrect predictions of 

class positive (false positives) 

c. is the number of incorrect negative class 

predictions (false negatives)  

d. is the number of correct predictions of 

positive class (actual positives) 

e. is the number of correct negative class 

predictions (actual negatives)  

f. is the number of correct predictions of 

positive class (actual positives) 

g. is the number of correct negative class 

predictions (actual negatives) 

 

Construction of the Decision Tree 

 

Decision trees are a classification model used in 

artificial intelligence, the main characteristic of 

which is its visual contribution to decision 

making.  

A tree is graphically represented by a set 

of nodes, leaves, and branches. The central node 

or root is the attribute from which the 

classification process begins; the internal nodes 

correspond to each of the questions about the 

particular attribute of the problem. A child node 

represents each possible answer to the questions. 

The branches coming from each of these nodes 

are labeled with the possible values of the 

attribute. The end nodes or leaf nodes 

correspond to a decision, which coincides with 

one of the class variables of the problem to be 

solved (Witten & Frank, 2005). 

 

The following figure shows the 

generation of the decision tree according to the 

data classification performed by the ID3 

algorithm. (Figure 3)  

 

 

Figure 3 Decision tree generation (ID3 algorithm) 
Source: Prepared by the authors 
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Results and Discussion 

 

After collecting the information and 

implementing the ID3 algorithm for the 

construction of a decision tree, the graph shows 

two child nodes based on gender. In the case of 

Male, the following results are shown; the 

diagnoses Underweight (LW), Mild 

Malnutrition (MM), Obesity (OBD), and Morbid 

Obesity (OM), are concentrated with higher 

prevalence in men who live in the central zone 

of the state of Guerrero.  

 

On the other hand, the preponderant 

diagnoses in men who live in the Mountain 

region are; Moderate Malnutrition (MD), 

Normal Nutrition (NR), Obesity (OB), and 

Overweight (SP). In the case of women, the data 

for underweight (LB), mild malnutrition (LD), 

severe malnutrition, obesity (OBD), and morbid 

obesity (OM) were found to be preponderant in 

the mountain region of the state of Guerrero. 

 

The central and mountain regions have 

all the possible diagnoses defined by the WHO. 

From this information, we conclude that the 

mountain region is where the highest number of 

malnutrition is concentrated on women. 

However, in contrast to this data, the majority of 

men in this region suffer from grade one obesity. 

(See Figure 4). 

 

 
 
Figure 4 Results by Region (State of Guerrero) 

Source: Prepared by the authors 

 

On the other hand, the possibility of 

increasing the data sample, as well as using other 

algorithms, methods, and techniques of artificial 

intelligence applied to the establishment of 

various diagnoses, could generate some 

relationships or patterns that would enrich the 

information obtained in this study. In the area of 

health, the countries consider it very important 

to be able to identify the factors that determine 

the prevalence and intensity of the different 

conditions.  

 

In particular, the state of Guerrero faces 

the challenge of identifying these factors, which 

are strictly related to the educational level of the 

population, the socioeconomic situation, access 

to food, the quality of services associated with 

their housing, the environment, and the culture. 

  

Conclusions 

 

The experience of working with real data and a 

representative sample allows us to explore 

techniques in information processing that can 

generate and provide meaningful knowledge 

from patterns in the data. In this way, we 

investigated and highlighted the patterns by 

region of the nutrition of the inhabitants of the 

state of Guerrero. Using the WEKA tool, we 

were able to use data mining algorithms to 

visualize relationships or patterns in order to 

observe variables and attributes in a 

disaggregated way, such as the nutritional status 

of people living in the 7 regions of the state of 

Guerrero. In this analysis, we found some 

relationships that confirm the statistics of the 

WHO regarding the calculation of the BMI.  

 

It is essential to mention that there are 

ailments that we did not initially imagine could 

occur in the mountain region of the state of 

Guerrero, such as overweight and obesity, since 

it is one of the poorest municipalities in the 

world (UN, 2007).  

 

The study confirms that severe 

malnutrition exists in the central zone of the state 

of Guerrero and the mountain region. We also 

observed that men tend to be obese in the central 

zone of the state. That female patients tend to be 

obese in the first degree in the mountain region, 

contrary to some hypotheses due to the difficulty 

of food access in this region.  

 

We were able to identify that the central 

and mountain regions are those where there is a 

higher rate of overweight in both men and 

women.  A more exhaustive analysis of the 

relations between the variables may generate 

greater knowledge of the phenomenon studied.  

The research I presented considered the analysis 

from the variables of gender, height, medical 

diagnosis, age, of a total of 17 variables that the 

system stores (employment, socioeconomic 

situation, blood pressure, blood type, family 

history, among others).  
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Given the above, we consider it essential 

to analyze the relationships among the other 

variables to understand, among other aspects, 

the direct and indirect causes that promote these 

chronic degenerative conditions. The use of 

these techniques could help us to visualize the 

characteristics by geographical region of these 

ailments, among other possibilities. They could 

also provide clarity about causal relationships 

that may be overlooked by health experts, 

allowing for better design of public policies in 

the field of preventive health. 
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Abstract 

 

Differential geometry began with the study of the 

characteristics of planar curves, then the behavior of the 

curves in space was analyzed, which led to the postulates 

of Frenet, and hence differential geometry evolved due to 

the contributions of Gauss. At the highly specialized 

undergraduate courses, most of the literature presents this 

topic based on definitions, which can be understood with 

some difficulty by both students and even some teachers. 

This work presents a detailed description of the terms 

defined in the concept of curvature. It is of great 

importance that students from engineering courses 

understand this concept with certainty and confidence, 

because it will allow perceiving abstract terms, such as 

radius of curvature, osculating circle, normal vector; thus, 

they will have complete handling in the basic description 

of the movement of bodies. Some examples are presented. 

 

 

 

 

 

Education, Osculating circle, Curvature radio 

 

Resumen 

 

La geometría diferencial se inició con el estudio de las 

características de las curvas planas, posteriormente se 

estudió el comportamiento de las curvas en el espacio, lo 

que llevó a los postulados de Frenet, y de ahí en adelante 

la geometría diferencial evolucionó grandemente, gracias 

a las aportaciones de Gauss. En los cursos de cálculo a 

nivel superior la mayor parte de la bibliografía presenta 

este tema a base de definiciones, que pueden 

comprenderse con un poco de dificultad tanto por parte de 

alumnos e inclusive de algunos docentes. En este trabajo 

se presenta una descripción detallada de las definiciones 

que se concretan en el concepto de la curvatura. La 

importancia de que los estudiantes de los cursos de 

ingeniería dominen con certeza este concepto es de gran 

valor, porque les permitirá percibir con claridad términos 

abstractos, tales como radio de curvatura, circulo 

osculatriz, vector normal, por ejemplo, y dominando estos 

términos se tendrá un manejo completo en la descripción 

básica del movimiento de cuerpos. Se presentan algunos 

ejemplos. 

 

Educación, Circulo osculatriz, Radio de curvatura 
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Introduction 

 

Many areas of engineering use the geometric 

concept of curvature. In the study of bending in 

the strength of materials, the analytical 

definition of curvature is used to establish the 

differential equation of the elastic line, see for 

example Byras and Snyder. The determination 

of the Laplace-Young equation, as shown by 

Kralchevsky and Nagayama as well as Canoglu, 

in fluid mechanics requires the definition of the 

radius of curvature. In mechanics and in 

particular, in kinematics, the definition of 

curvature is fundamental to describe the curved 

movement of a body, as shown by Shigley and 

Uicker, where the velocity vector can change 

both its magnitude and its direction. However, in 

mechanics, this concept is also required as the 

basis for the study of the kinematics of 

mechanisms such as gears, as in Griffis.  

 

The recent technological advances 

require a permanent evaluation of the 

technological advances, see Tenbergen, which 

forces a permanent evaluation of the teaching 

and study of mathematics was pointed out at the 

time by Klein, as revised in G. Kaiser, this has 

transcended in subsequent research, in particular 

towards the study of the curvature Gual-Arnau 

et. al. Klein makes particular reference to the 

concept of the curvature Guha, M, where it is 

quoted, "Everyone knows what a curve is, until 

he has studied enough mathematics to become 

confused through the countless number of 

possible exceptions." This shows the complexity 

of the subject, although this expression was 

published between the 19th and 20th century, the 

study of curvature is still in force. 

 

 Currently, it is proposed to study new 

types of curvature Gual-Arnau et al., but based 

on the concepts with which it was initially 

proposed. In the deduction of the equations 

mentioned above, the analytical definition of 

curvature is taken, considering that this concept 

is clear. However, this is not always the case, for 

example, when deducing the Laplace-Young 

equation, from fluid mechanics, in the study of 

capillarity, as in Adamson and Gast. It is 

interesting to observe how during the 

development one starts from the calculation of 

the work done on a moving surface, and the work 

must be determined using the difference in 

pressure. 

 

Which leads to the calculation of the 

geometry of the surface area on which the work 

is done and this, in turn, requires knowledge of 

the radii of curvature of the surfaces that involve 

the displacement. The deduction of the Laplace-

Young equation is simplified, thanks to the 

previous existence of the expression of the 

curvature calculation. In this work, a detailed 

explanation of the expressions that make up the 

definition of curvature is given. The current 

bibliography and even the specific bibliography, 

such as the one cited above, present a series of 

definitions, which in general are not clear in their 

description. Hence, it becomes essential, in 

terms of engineering education, to have clarity 

about the meaning and significance of the 

concept of curvature. 

 

In the following section, the definitions 

and concepts that are used to define the concept 

of curvature are presented. These are 

accompanied by explanations that give meaning 

to the analytical expressions that, in general, the 

bibliography does not present. This is one of the 

didactic contributions of this work. Section three 

illustrates the relationship between the radius of 

curvature and curvature; section four presents a 

demonstration of the uniqueness of the 

osculatrix circle. Finally, in section five, the 

conclusions are presented. 

 

Geometric elements of the curvature 
 

Historically it is known that it was Euler who 

formalized the study of curvature. However, 

Leibnitz and Newton had addressed the problem 

by making some approaches according to 

Montiel and Ros although Bardini and Gianella 

mention how Kästner too defined curvature at a 

point as the limit of the quotient between the 

angle θ and the arc length s, as the two points 

that define the arc length approach, where the 

angle θ is defined by the difference in direction 

between the tangents existing between the points 

of the arc length. This definition appears again 

in the literature on the subject, which is quite 

extensive and systematically presents the 

definition of curvature, see for example Anton 

and Leithold. This systematic view in the 

courses corresponding to the development of the 

topic can be scarce in its appreciation. Here these 

concepts are taken up again. The definition of 

curvature is based on the existence of the vectors 

tangent to a curve and their variations on the 

same curve. 
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Consider the following figure,  

 

 
 
Figure 1 The characteristics of a flat C curve can be 

determined by placing the curve on a coordinated system 

 

In the study of the structure of the curves, 

there are several ways to represent a C curve. It 

can have a functional expression of the type 

y=f(x) or a parametric representation of the type 

r=r(t), where t is a scalar and r is a vector.  

 

The vector representation allows us to 

quantify in a direct way the variations of the 

curve, that is to say, the changes that appear just 

by increasing the t parameter, this can also be 

achieved in a coordinated system that helps to 

locate each point of the curve in a vectorial way. 

In a vector representation of a curve, the 

parameter that defines it is not presented 

together with the path; it is necessary to consider 

that the parameter can be measured on a scale 

parallel to the coordinated system. Figure 2 

shows a curve and the two possible graphical 

representations. Note that these representations 

are not in conflict. 

 

 
 
Figure 2 A curve can be represented by a functional 

relationship y=f(x) or r = r(t) in the same coordinate 

system, in the vector case the curve can be accompanied 

by its parameter t 

 

A fundamental characteristic of curves is 

the tangent lines. A vector representation of the 

tangent lines is provided by the tangent vector 

and the unit tangent vector. Figure 3 shows the 

variation of the position vector that describes the 

curve, as the parameter t is increased. 

 

 
 
Figure 3 Vectorial variations describing the C curve, as 

the t parameter is increased 

 

The vector tangent to a curve is then 

determined using the vector representation. The 

definition of a derivative of a vector function 

allows the characteristics of the vector tangent to 

be observed. 

 

 
 
Figure 4 Determination of the tangent vector T = T ⃗ to a 

curve and its graphic representation 

 

Note that the tangent vector has been 

obtained more than the tangent line 

 

�⃗⃗� =  lim
𝑡0

𝒓

𝑡
=

𝑑𝒓

𝑑𝑡
= 𝒓′(𝑡)                                  (1) 
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The process of limit calculation is the 

primary tool that allows capturing the geometric 

characteristics of a curve. Note that in the 

evaluation of moving the parameter t towards 

zero, i.e., t2t1, the vector r, coincides at a 

point with the curve and being a vector that 

coincides with the curve, it is tangent and 

provides a measure of the change of the curve 

with respect to the parameter t. In a straight line, 

the measure is constant.  

 

What has been developed in this section 

corresponds to concepts exposed traditionally in 

calculus courses. The contribution presented in 

this section consists of consolidating the abstract 

process in the procedure of limit calculus, 

making it evident that when on a curve, through 

its vector representation, measurements of the 

change are obtained, not only the initial point of 

the curve is reached, but also inherent and 

remaining characteristics of the geometric object 

appear, in this backward movement of the t 

parameter, the orientation of the curve at a 

particular point appears. The unit magnitude 

tangent vector or unit tangent vector is 

determined by dividing the tangent vector by the 

magnitude of the same tangent vector. 

 

�̂� =  
𝒓′(𝑡)

‖𝒓′(𝑡)‖
                                                      (2) 

 

 
 
Figure 5 The unit vector tangent to a curve is of lesser 

magnitude than the tangent vector, however, it has a very 

important property and that is that its magnitude is known 

in advance to be constant 

 

Another critical parameter in 

determining the characteristics of a curve is the 

normal vector. This other vector, as it can be 

seen, is also inherent to the curve, that is, it is 

another element associated with the geometric 

object. 

 

Consider Figure 6, which shows a C 

curve and the tangent vectors associated with 

each point of interest on the curve. 

 

 
 
Figure 6 The C curve will have a tangent vector at each 

point of the curve. Two contiguous points of interest are 

shown in this figure 

 

Figure 7 illustrates the variations of the 

vector T, as the parameter t is traversed, in the 

decreasing direction. 

 

 
 

 
Figure 7 This figure illustrates the changes made by the 

vector T, as the parameter t returns to the point 

corresponding to T1 

 

At the limit of the variations of the 

tangent vector T, a vector appears that is 

perpendicular to the tangent vector, which is N= 

�⃗⃗⃗�. In Figures 7 a) to 7 c) it is observed how in 

the process of the limit t 0, or t2t1, the 

vector T is rotating, see Figure 7 d), and is 

changing its magnitude, this information is 

manifested in the existence of the vector N, that 

is perpendicular to the vector T.  
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Although the magnitude of the vector T 

is diminishing, the information regarding the 

change of direction and magnitude is 

represented by the vector N, that is, the vector N 

represents the changes of the vector T, and has 

the characteristic of being a perpendicular vector 

to the tangent vector, this normal vector, is also 

a parameter of the curve C. 

 

The analytical expression corresponding 

to the process of evaluating the changes 

illustrated in Figure 7, is expressed with the 

following calculation, 

 

�⃗⃗⃗� =  lim
𝑡0

�⃗⃗�

𝑡
=

𝑑�⃗⃗�

𝑑𝑡
= �⃗⃗�′(𝑡)                             (3) 

 

The previous formalization of the 

meaning of the normal vector N, on the measure 

of the change of the tangent vector T, leads to the 

intuition that also the normal vector N has been 

represented in terms of the proper curve, i.e., 

from equation (1), it is concluded that 

 

�⃗⃗⃗� = �⃗⃗�′(𝑡) =  
𝑑𝒓′(𝑡)

𝑑𝑡
= 𝒓′′(𝑡)                          (4) 

 

and in turn, the unit normal vector is 

determined by the expression 

 

�̂� =  
�⃗⃗�′(𝑡)

‖�⃗⃗�′(𝑡)‖
=

𝒓′′(𝑡)

‖𝒓′′(𝑡)‖
                                     (5) 

 

Again, it is important to note that the 

meaning of this information is not made explicit 

in the general literature, so the student or teacher 

may be left with doubts regarding the nature of 

the derivative of a vector. Figure 8 illustrates the 

geometric relationship between the curve C, the 

tangent vector T, and the normal vector N. 

 

 
 
Figure 8 Geometric relationship between the curve C, its 

tangent vector T and the normal vector N 

Curvature of a flat curve 

 

Studying and analyzing the ideas proposed in the 

conventional literature, for example, Anton and 

Leithold, among others, the curvature is 

obtained by quantifying the changes of the 

tangent vector along a curve. This is the 

fundamental idea to define what curvature is; 

however, it is quite abstract. 

 

To use this definition of curvature, we 

use the definition of arc length, which allows us 

to obtain a tangible representation of the curve, 

because it can be illustrated and even measured. 

It is possible to determine the curvature using 

functional representations, but the idea of arc 

length allows referring to the curve as a 

geometric element. 

 

The arc length, as it will be seen, 

corresponds with a representation of the curve C. 

This expression allows us to observe and 

represent the curve directly, along with its 

characteristics, such as the tangent vector T and 

the normal N and the local changes of it. 

Next, we present a series of figures that illustrate 

the representation of a curve through the 

definition of arc length, that is to say, first of all, 

we must have a curve as the definition. 

Consider the definition of arc length, 

 

𝑠 = ∫ ‖𝒓′(𝑡)‖𝑑𝑡
𝑡

𝑡0
                                            (6) 

 

This definition can be very ambiguous 

for the student. Common doubts found in the 

classroom are the following Why derive an 

expression and then integrate it? What is 

obtained through these operations? 

 

Next, we illustrate the meaning of these 

operations of calculus with several figures. 

 

Figure 9 shows the curve C, the position 

vector of a point using the vector r(t), and the 

tangent vector at that point, that is, r'(t). 
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Figure 9 In a C curve some sectors have been determined, 

defined by particular points of the same curve, the tangent 

vector can be located in each of these points 

 

In Figure 10, we illustrate the above 

curve, and locate the following vector, r'(t)dt.  

Note that this vector is located at the point where 

the tangent vector has been determined. 

However, when multiplied by the differential dt, 

this vector has the corresponding differential and 

vector properties; in addition, we obtain a vector 

and differential approximation of the curve.  

 

 
 
Figure 10 Construction of the C curve by means of the 

tangent vector, by multiplying the tangent vector by the 

differential dt, it has been possible to obtain a differential 

sector of the curve in vector form 

 

The next step to obtain a representation 

of the curve is to eliminate the vectorial 

characteristic, because the curve as such is 

quantified in a scalar way, this is obtained by 

applying the absolute value function, ǁr’(t)dt ǁ, 

the above is illustrated in Figure 11. 

 
 
Figure 11 When the absolute value of the vector that 

resembles a sector of the curve is obtained, a scalar sector 

of the curve is obtained 

 

Finally, the process of integration of the 

scalar elements, obtained from the definition of 

the tangent, allows obtaining the representation 

of the searched curve, keeping its intrinsic 

properties. 

 

Figure 12 shows the result of the 

complete process of integration of the elements 

that were considered step by step. 

 

 
 
Figure 12 The differential sum of all scalar sectors allows 

a total representation of the curve 

 

We have obtained a curve the 

characteristics of which now are referred on 

itself, that is to say, they are of intrinsic form. 

There is a relationship between the arc length s, 

and the parameter t, which previously was 

plotted in isolation from the curve, now can be 

observed directly to the curve and evaluate the 

changes, also directly.   
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However, to operate on the curve, the 

relationship between the t parameter and the 

curve expressed by s will continue to be used. 

This expression is as follows, 

 
𝑑𝑠

𝑑𝑡
= ‖𝒓′(𝑡)‖                                                   (7) 

 

Which has been derived from equation (6). 

 

The expressions and explanations 

developed above will allow the concept of 

curvature to be clearly defined. The fundamental 

ideas about the existence of a circle that 

coincides at a point on a curve originate from the 

theorem of analytical geometry that states that it 

is possible to construct a circle: Three points P, 

Q, and non-aligned points of a plane curve 

determine a circle. 

 

Consider the following figure with a 

curve and three chosen points of it; see 

McCleary. 

 

 
 
Figure 13 Determination of the center of a circle from 

three points belonging to the curve C 

 

In Figure 13, a curve appears and we 

draw the bisectors corresponding to the lines 

defined between PQ and PR. The intersection of 

the bisectors makes it possible to locate the 

center of the circle passing through the three 

points of the curve. 

 

Figure 14 shows the circumference 

corresponding to the three points of the curve. 

 
Figure 14 Construction of a circle intersecting three points 

of a C-curve 

 

As the points Q and R move towards P, 

we find a circle that touches the curve at point P. 

 

 
 
Figure 15 Determination of a circumference that 

coincides with the C curve at point P 

 

These notions provide guidelines for 

determining the circumference that touches the 

curve at a point on the curve. Curvature can be 

conceptualized in several ways, for example, by 

considering common geometric shapes. 

 

Note that curvature is being defined in 

terms of the circumference that touches the 

curve at a point, so curvature is a measure of the 

curve that is compared to a circumference. 

 

To intuitively approach the concept of 

curvature, through the circumference, consider 

the following figure. 
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Figure 16 Three circles of different radii illustrate the 

concept of curvature, the larger the radius of the circle, the 

smaller the curvature 

 

In the case of the circles shown, the 

curvature of the circle a) is greater than that of b) 

and that of c), the curvature of b) is greater than 

that of c). The curvature of the circumference a) 

is greater than c), because it changes faster when 

going around the circumference. But the radius 

of the circumference a) is smaller than that of b) 

and much smaller than that of c). In this way, we 

can conclude that as the curvature increases, the 

radius decreases, therefore the curvature is the 

inverse of the radius. 

 

In the case of a straight line, we can say 

that its curvature is zero, and its radius is infinite 

if compared to a circle. 

 

In order to establish the curvature of a 

curve, it is necessary to use another parameter 

specific to the curve. A proper parameter is the 

straight line tangent to the curve because it 

corresponds to a particular point on the curve. 

 

The curvature of a curve at a point P can 

be defined as the variation of the unit vector 

tangent T ̂, with respect to the curve at that point, 

Davis and Snider. Again, this definition can be 

considered somewhat abstract because it 

establishes a measure of change, in this case of 

the tangent vector T ̂. However, parameters 

specific to the elements that accompany a curve 

must be used, such as the relation between the 

curve and its tangent vector. 

 

It has been established how having a 

representation of the curve helps to directly 

observe the elements that characterize it, as well 

as their change on the same curve. 

 

A specific shape of the path is 

established using the description r(s).  

 

 

The path can be represented by the 

parameter arc length s. This is one of the 

advantages of using the arc length as a curve 

definition parameter since it can be derived 

directly. To obtain a simple representation of 

this variation, consider the following figure. 

 

 
 
Figure 17 Identification of the parameters with which the 

definition of curvature can be constructed, this figure 

illustrates the variations of the unit tangent vector T, as the 

curve develops, as arc length 

 

In order to construct the previous 

definition, Figure 17 shows the basic elements 

with which the previous definition is 

constructed; however, other elements will be 

considered later. 

 

Figure 17 shows two tangent vectors in 

two points of a curve, for simplicity, only one of 

them is identified. Also, a section of the curve 

appears, represented by its arc length s; in this 

way, the following analytical expression of the 

curvature can be obtained, corresponding with 

the previous definition. 

 

(𝑠) = ‖ lim
∆𝑠→0

∆�⃗⃗�

∆𝑠
‖ = ‖

𝑑�⃗⃗�

𝑑𝑠
‖                            (8) 

 

The next step is to obtain a description of 

the previous parameters, which allow 

determining a specific expression. 

 

In Figure 18, there are other parameters 

inherent to the curve described employing the 

arc length. 

 

In Figure 18 a) more information is 

presented, two points of the curve appear, either 

P and Q, as well as the tangent vectors in each 

point, these are �̂�(P) and �̂�(Q), a sector of the 

curve appears again, let it be s. 
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Figure 18 Graphical functional relationship between two 

unitary tangent vectors, on a segment of the s-curve 

 

In Figure 18 b) we consider the previous 

tangent vectors, to compare them, they have 

been moved to the same point, and their 

deference is denoted by  
 

As the vectors are unitary, their 

magnitudes are small, and therefore the 

magnitude of their vectorial difference can be 

approximated by the angle that separates them 

since, as they occupy different orientations, 

but are unitary, the parameter for measuring 

change is , which also implies that the 

following proportion is met, 

 

‖∆�⃗⃗�‖ ≃ ‖∆𝜃‖                                                 (9) 

 

From the perspective of the sector s of 

the arc length, this sector can be as a small part 

of a circle of radius . It should be noted that 

these are the differential elements that define a 

circle, s=, so in this procedure, we have 

chosen to obtain a measure of the curvature in 

terms of the circle. It is possible to find other 

measures of curvature, for example, as stated in 

(14). By reconstructing equation (8) with these 

elements, we have the following, 

 

‖
𝑑�⃗⃗�

𝑑𝑠
‖ = ‖ lim

∆𝑠→0

∆�⃗⃗�

∆𝑠
‖ ≃ ‖ lim

∆𝑠→0

∆𝜃

∆𝑠
‖                   (10) 

 

(𝑠) = ‖
𝑑�⃗⃗�

𝑑𝑠
‖ = ‖

𝑑𝜃

𝑑𝑠
‖                                   (11) 

Finally,  

(𝑠) =
𝑑𝜃

𝑑𝑠
=

1

𝜌
                                               (12) 

 

This result implies that the curvature of a 

smooth curve in the plane can be determined and 

that this curvature corresponds to the curvature 

of a circle of radius . 

 

 
 
Figure 19 The osculatrix circumferences will have a 

radius of curvature opposite to the curvature, the greater 

the curvature, the smaller the radius of curvature 

 

Figure 19 illustrates two different 

circumferences that an s-curve can have. In this 

way, at each point of interest, a circle can be 

located. This circle is called the osculating 

circle. The sharper the curve, the more closed it 

is, consequently the corresponding osculating 

circumference will have a smaller radius. 

However, the curvature will be greater, in 

relation to a less sharp curve, i.e., more open. 

The parameter is called the radius of curvature.  

 

The term osculating circle was coined by 

Leibnitz, and is explained very well by Cruz, 

from whom the following paragraph is 

extracted: "Mathematically, the osculating circle 

to a curve is the one that adopts in the best way 

the form of the curve; the one that, when 

touching it, gets as close as possible to it, 

changing in size or position as it is more 

convenient in order to merge with it, at least in 

the point where it kisses it. Both the tangent line 

and the osculating circle are very similar to the 

curve near where they touch, but as the circle is 

round, it approaches it better than the line, and 

that is why we say that it kisses it at the moment 

of contact." Finally, we illustrate how the 

angular displacement the radius of the 

osculating circumference . 
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Consider the following example, which 

illustrates the relation between curvature and 

radius of curvature. 

 

Three circles are shown in Figure 20, the 

smaller one having a radius of curvature 1 and 

the larger having a radius of curvature 3. 

 

 
 
Figure 20 Example confirming the relationship between 

the curvature and the radius of curvature of three circles 

 

The three circles coincide at the upper 

point of intersection with the vertical axis, and 

the line T originates at this point of intersection 

and intersects each circle at points P, Q, and R, 

respectively.  

 

In this way, the respective arcs of 

circumference, s1, s2 and s3, are formed. To 

the left of the central figure, each of the arcs 

mentioned above appears separately.  

 

Note that the angle at which the line 

T intersects each circle is the same, so the arcs 

of the circle are different, as they each have a 

different radius.  

 

In each circle, two tangent vectors are 

illustrated. One of the tangent vectors starts at 

the intersection with the y-axis. The other 

tangent vector starts at the points P, Q, and R, 

respectively.  

 

To the right of the central figure are the 

two vectors tangent to each circle, located at the 

same point. The angle between the three pairs of 

tangent vectors remains the same. The respective 

curvature of each circumference is 

 

1 =
𝑑𝜃

𝑑𝑠1
=

1

𝜌1
                                                 (13) 

 

2 =
𝑑𝜃

𝑑𝑠2
=

1

𝜌2
                                                (14) 

 

3 =
𝑑𝜃

𝑑𝑠3
=

1

𝜌3
                                                (15) 

 

when s, which corresponds to the 

definition of curvature, according to equation 

(10). It is then concluded that the following 

relation is fulfilled,  

 

1 > 2 > 3                                                (16) 

 

That is, the curvature of the smaller 

circumference is greater than that of the 

intermediate circumference and 

correspondingly, the curvature of the 

intermediate circumference is greater than the 

third circumference. 

 

Therefore, it is true that 

 
1

𝜌1
>

1

𝜌2
>

1

𝜌3
                                                (17) 

 

Or else 

 

𝜌1 < 𝜌2 < 𝜌3                                                (18) 

 

Which is the first intuitive premise to 

build the definition of curvature and which was 

illustrated through this example, that is, the more 

closed (acute) a curve is, the greater the 

curvature. 
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Conclusions 

 

In this work, we developed extensive definitions 

that have a certain degree of abstraction from the 

existing literature, to access the concept of 

curvature of a flat cure. The first important 

concept in the construction of the curvature is 

that of the length of the arch. The arc length is a 

graphic expression of the curve, rather than a 

functional parameter. It allows direct 

observation of the characteristics of the curve, 

without associating it with an external 

parameter.  
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Thus, the concept of intrinsic coordinates 

appears. From the graphic expression, without 

the need to resort to an external parameter, it is 

possible to identify the variations of the tangent 

vector and obtain a measure of its curvature. The 

definition of curvature is based on the geometry 

of the circumference, which is not evident in 

traditional formulations. It is necessary to make 

explicit that we use the differential definition of 

the circumference to make it coincide with the 

variations of a curve. 

 

Once this construction procedure is 

understood, it will be possible to define 

techniques based on the ideas of the precursors, 

to formulate new types of curvature. 
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Abstract 

 

In open pit mining, the loading, unloading and hauling 

system can represent a high percentage of the operating 

cost. The objective of this document is to provide an 

overview of the different approaches in the application of 

simulation models as an alternative applied to open pit 

mining operations that can help in decision making to 

optimize resources. It talks about the different types of 

simulation models that can be applied in mining operations 

such as stochastic, deterministic and discrete events. The 

underlying idea of this text is to highlight that with the 

increase in competitiveness, mining companies are in need 

of using simulation techniques to reduce costs, time and 

risks when making decisions, since simulation allows the 

creation of scenarios that approximate reality. In the end, 

the document concludes that simulation models are a tool 

to help in decision-making, for the optimization of 

resources, increased improvement and efficiency of the 

processes of loading, transport and unloading in open pit 

mines 

 

 

 

Simulation, Models, Simulation Software 
 

 

Resumen 

 

En la minería cielo abierto el sistema de carga, descarga y 

acarreo puede representar un alto porcentaje del costo 

operativo. El objetivo de este documento es ofrecer un 

panorama sobre los distintos enfoques en la aplicación de 

los modelos de simulación como una alternativa aplicada 

a operaciones mineras a cielo abierto que pueden 

coadyuvar en la toma de decisiones para optimizar los 

recursos. Habla sobre los distintos tipos de modelos de 

simulación que pueden aplicarse en operaciones mineras 

como el estocástico, determinístico y  de eventos discretos. 

La idea subyacente de este texto es resaltar que con el 

incremento de la competitividad las empresas mineras se 

ven en la necesidad de usar técnicas de simulación para la 

disminución de costos, tiempo y  de riesgos a la hora de 

tomar decisiones ya que la simulación permite crear 

escenarios que se aproximan a la realidad. Al final, el 

documento concluye que los modelos de simulación son 

una herramienta de ayuda en la toma de decisiones, para 

la optimización de recursos, incremento de la mejora y la 

eficiencia de los procesos de carga, transporte y descarga 

en minas cielo abierto. 

 

Simulación, Modelos, Softwares de simulación 
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Introduction 

 

Although it is true that in the past, business 

decisions were taken under intuition, nowadays 

the development and use of quantitative tools as 

well as simulation through information 

technologies have generated an advance in 

decision making, being this an essential part of 

the generation of business knowledge, which has 

created a degree of decisional maturity. 

 

In order to make a correct and viable 

decision, organizations need observing how the 

system reacts to certain actions. To know this, 

pilot studies are carried out, in which variables 

such as costs, time, security, etc. are taken into 

account. As García Dunna, García Reyes, & 

Cárdeenas Barrón (2013) state, one of the 

techniques for conducting pilot studies, with fast 

results and at a relatively low cost, is based on 

modeling - which is known as simulation. 

Simulation has become a necessary tool for 

organizations since it is convenient to carry out 

simulations to predict the use and optimization 

of their resources. Simulation guides decision 

making under the representation of different 

scenarios and periods (Simon-Marmolejo, 

2013).  

 

To understand the behavior of a real-life 

system, it is necessary to translate it into a model 

that represents the system. The use of simulation 

models can be inferred to replace the 

performance of experiments in real systems and 

those projects that are still in the development 

phase.  Nowadays competition, globalization, 

technology and innovation in the mining 

industry are forced to restructure their processes. 

It follows that an era has arrived in which 

manufacturing technologies and information 

technologies come together to create innovation 

in negotiations, manufacturing and management 

in order to optimize resources and generate value 

in the supply chain by achieving flexibility, 

efficiency, and effectiveness.  

 

The development of computing has had 

in the simulation one of the most widely tested 

tools in different fields of application and with 

respect to manufacturing processes has not been 

the exception (Cantú González, Guardado 

García, & José Luis, 2016). 

 

 

 

The lack of a simulation model for 

decision making in loading, unloading and 

hauling operations, is inferred could impact the 

costs of open-pit mines, so it is suggested to use 

simulation software such as Arena, Flexim, 

AweSim, GPSS/H, HAUSLIM, SIMULART, 

Promodel or SimMine as a possible alternative 

to assist in decision making in mining 

operations. The costs in the operations of the 

load and transport of minerals represent a 

considerable sum in the costs of production of 

the mineral. Therefore, the proper sizing of these 

operations is extremely important to reduce such 

costs. (Lins de Noroha, Cano Núñez, F. dos Reis, 

& Arroyo Ortiz, 2018)  

 

Pinto & Saliby (1999) argue that open-

pit mining is a high investment cost activity and 

the stochastic behavior of the system makes it 

more complex, as well as any decision making. 

The mining organizations fight for the 

optimization of their resources and to stay in the 

market to achieve it they must reduce their costs 

and minimize their risks, for this it is suggested 

to make use of the technology through 

simulation techniques, that allows them to 

experiment and to visualize variables and to be 

modifying in real-time limits that show them the 

statistical indicators respective to their processes 

or activities and this way the best and timely 

decisions are taken. 

 

Systems and Simulation Models 

 

System 

 

For Jahansen Bertoglio (1991), a system is a 

group of interacting parts and objects that form 

a whole or are under the influence of forces in 

some defined relationship. On the other hand 

(Shannon, 1988) he defines a system as a set of 

objects or ideas that are interrelated as a unit for 

the achievement of an end. 

 

Simulation 

 

The simulation technique was born in 1940 

during the Second World War, when scientists 

Von Neuman and Ulam, who worked on the 

Monte Carlo project, solved problems of nuclear 

reactions whose experimental solution would be 

too costly and the mathematical analysis too 

complex.  
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Simulation is defined as a fictitious 

representation of a real situation determined 

through models whose results are applied in the 

context of the problem; thus, the greater the 

degree of approximation of the simulation to 

reality, the more useful it will be; therefore, as a 

prerequisite for correct simulation, an 

exhaustive knowledge of the system and its 

behavior is indispensable (Blanco Rivero & 

Fajardo Piedrahíta, 2003).  

 

For Thomas H. Naylor, he defines 

simulation as a numerical technique for 

conducting experiments on a digital computer. 

These experiments involve certain types of 

mathematical and logical relationships, which 

are necessary to describe the behavior and 

structure of real-world systems over long 

periods.  

 

Simulation is the process of designing a 

model of a real system and carrying out 

experiments with it, to assimilate the system's 

behavior or to evaluate various ones to 

understand the system's functioning 

(Sokolowsky, 2009). 

 

Currently, several tools allow 

simulations and analysis of complex systems. 

Simulation is used to help optimize resources 

while anticipating undesired results in advance. 

Simulation allows companies to modify and 

redesign in order to meet goals and objectives at 

the lowest cost, in addition to being a fast and 

efficient tool that allows us to make adjustments 

to parameters and simulate as many times as 

necessary, which saves cost and time. 

 

The simulation has applications in 

manufacturing processes (Bernal Loaiza, Cock 

Sarmiento, & Restrepo Correa, 2015), public 

transportation systems (Ortíz Treviño & Serrano 

Rivera, 2006), agriculture (Candelaria Martínez, 

et al, 2011), construction (Gómez cabrera & 

Morales Bocanegra, 2016), environmental 

impact (Tarshizi et al. 2015), business (Vázquez 

Fajardo & Fajardo Vaca, 2017), design (Lugo, 

Ponce, Molina, & Castro, 2014), education 

(Forero-Paz & A. Giraldo, 2016), equipment 

failure (Barros Leal & Martínez Espinosa, 

2018), training (Carangui Cárdenas, Cajamarca 

Criollo, & Mantilla Crespo, 2017), health 

(Mendoza Casseres, González Conde, Corcho 

Martínez , & Berdugo Alonso, 2016), army 

(Debán Blanco, García Luque, & Castillo 

Chamorro, 2016). 

Investment projects (Bermúdez Correa 

& Carreño owners, 2011), mining ( Bórquez 

Dönicke & Ramis Lanyon, 2017) and its use has 

increased thanks to information technologies 

and is part of operations research. The experts 

agree that simulation processes are a tool that 

allows the promotion of technological 

development and sustainability; through them, it 

is possible to strengthen and generate new 

capacities and actions that improve efficiency in 

the use of existing resources, with a connotation 

of social, economic and environmental sense 

(Bernal & Bernal Pérez, 2015 ).  

 

The types of simulation are stochastic, 

deterministic, static, dynamic, continuous or 

discrete. 

 

Model 

 

Using a model, we can simulate the way a real-

life system works. Understanding as a system a 

set of objects or ideas that are interrelated with 

each other as a unit to achieve an end (Shannon, 

1988). To start studying a particular system, it is 

necessary to create a model. As they say 

(Rosenblueth & N., 1945) no substantial part of 

the universe is so simple, that it can be controlled 

without abstraction. The abstraction consists of 

replacing the part of the universe, under 

consideration, by a model, of similar, but simple 

structure. Models are a central necessity of 

scientific procedure. 

 

A model is useful only if it allows us to 

experiment under certain favorable conditions 

that simulate the real system and that can 

represent the system under study. The best 

model is one that is simple and represents 

realism. For Chase & Jacobs (2011) the first step 

in the elaboration of a simulation model is to 

determine the properties of the real system that 

should be fixed, called parameters, and which 

should be allowed to vary during the execution 

of the simulation, called variables. Simulation 

models show a sensitivity analysis of the 

different variables by diversifying the 

parameters and provide performance indicators 

in service or manufacturing. 

 

A model showing the behavior of a 

system is required before simulation. Modeling 

is a method for understanding and representing 

system complexity.  
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A simulation model is a set of equations 

that represents processes, variables, and 

relationships between variables of a real-world 

phenomenon and that provides approximate 

indications of its behavior under different 

management of its variables (Perez et al., 2006). 

A simulation model acts as a tool the objective 

of which is to understand the functioning of the 

system and, based on this, to be able to predict 

and produce results in advance and thus control 

the system under study. There are models 

according to their function, magnitude, purpose 

or level of abstraction. The types of existing 

simulation models are Physical Models, 

Mathematical Logical Models, and 

Computational Simulation Models. 

 

Use of simulation software in mining 

 

In the market, we can find different simulation 

software, the most known are Witness, Slam 2, 

Simul 8, Promodel, Flexsim, Automod and 

Arena, GPSS/H; which use object-oriented 

programming languages for discrete models. 

 

The simulation software has had a great 

advance and currently there is 3D animated 

technology that makes them more friendly and 

efficient. These allow companies to transfer 

from a virtual context to a physical context 

considering people, machinery and products by 

programming virtually in advance and then 

implementing what we will be part of the 4.0 

industry or fourth transformation. Industry 4.0 is 

a term that was first used by the German 

government and describes an organization of 

production processes based on technology and 

devices that communicate with each other 

autonomously along the value chain (Smit, 

Kreutzer, Moeller, & Carberg, 2016). 

 

The new era in which machines, people, 

internet and technologies such as simulation 

software and others are handcuffed to be in 

communication upstream-downstream in the 

value chain to interact and prevent errors. 

Industry 4.0 is the era in which digital and the 

physical world are merging. 

 

Mining 

 

Mining is the process of extracting naturally 

occurring ore from the crust for economic 

benefit (Newman et al., 2002). 

 

 

The mining industry contributes 

significantly to the growth of the world economy 

since, in addition to providing materials for the 

development of other industrial sectors, it is also 

an important source of employment generation 

and monetary resources for the governments of 

countries where mining activity is relevant, as is 

the case of Mexico (Cámara de Minería de 

México, LXXXI Asamblea General Ordinaria., 

2018). 

 

According to INEGI data, mining in 

Mexico contributes to society and has provided 

outstanding results and is a support for Mexico's 

economic growth. In 2017, the mining-

metallurgical sector in our country represented 

8.3% of the Industrial GDP and 2.5% of the 

National GDP (3.3% considering the expanded 

mining) according to INEGI data. 

 

Mining simulation models 

 

A simulation model can stage the context of the 

haulage, loading and unloading system in which 

the variability in the times of the activities is 

taken into account to later give results in the 

tonnage of material per defined time, as well as 

the number of units necessary for the haulage. 

There are current models on which mining 

planning is defined in the main companies that 

extract mineral resources in the world: The first 

is the deterministic or classic mining planning 

model. The second is the model of mining 

planning as a function of money. And thirdly, the 

stochastic mine planning model. (Branch 

Bedoya, Jaramillo Alvarez, & Franco 

Sepúlveda, 2012). The fourth model of discrete 

events. 

 

The deterministic model is related when 

randomness does not intervene, that is, the 

variables of the system are perfectly defined. 

This model is generated from inputs that are 

fundamentally made up of: geological models 

(resources and reserves); infrastructure 

(limitations and opportunities); finances 

(investments; prices and costs); operating 

scenarios (reserves; cut-off grades, and levels of 

extraction or exploitation); operating data 

(sterile/mineral ratio; endowments and 

equipment - machinery), which result in outputs 

from mining planning and which comprise pit 

limits, the tonnage-law curve (in the case of the 

exploitation of a metallic deposit), the life of the 

mine, the cash flow of the mining project, among 

others. (Franco Sepulveda, 2017). 
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The cash-based mining planning model 

from Martinez & McKibben (2010) is based on 

the simultaneous optimization of the extraction-

processing-refining (production) chain that leads 

to an increase in the Net Present Value (NPV) of 

the mining business, taking into account the 

entire value chain of the mining business, from 

the definition of the resources and mining 

reserves (which are part of the inputs), until 

finally reaching the market (which is part of the 

outputs). (Franco Sepulveda, 2017). The VPN 

consists of determining for a future state and the 

net present value to be greater than other 

alternatives, that is, the plans will be modified. 

The Stochastic Model is a system that performs 

randomly and integrates the uncertainty in one 

or more of its parameters and changes its value 

randomly at a certain time. From the observation 

of the different systems, data are taken and 

accumulated to later represent them in 

probability distributions or probability density 

curves. The mining operation is characterized by 

the fact that its inputs have a certain degree of 

uncertainty, which generates risk at the same 

time.  For Damghani K. (2009) the problems 

under risk are somewhere between the 

probabilistic and deterministic. Considering risk 

as the unknown or changing, as the variables are 

discovered or resolved the risk decreases. 

Sometimes risk can remain constant while 

uncertainty increases over time (Mun2006). 

 

Discrete Event Modeling: A Discrete 

event simulation is a tool used in the field of 

mine engineering to evaluate the performance of 

complex mining systems, both in open-pit and 

underground mines. These systems are not 

limited merely to the evaluation of production in 

material handling systems, but also integrate the 

coexistence of development, preparation, and 

production of mining systems (Manriquez, 

2016). 

 

Application of the simulation in mining 

 

The increase in competitiveness in mining 

companies has created uncertainty regarding 

their performance, which makes important to 

know how to make the best decisions to help 

optimize the available resources. Giubergia, Gil 

Costa, Mansilla, & Narvaez (2016) comment 

that a production process can be evaluated 

before its execution by simulating it in a model 

that allows introducing changes to analyze 

alternatives, optimizing effectiveness and 

efficiency. 

In mining, simulation techniques can be 

used as stipulated by Sepulveda, Branch 

Bedoya, & Jaramillo Alvarez (2012) with which, 

based on known data, a certain number of 

hypotheses are generated, which are then 

analyzed, and the work begins. The importance 

of the use of simulation techniques in mining is 

framed by the fact that a reduction of costs and 

time can be achieved in some activities, the 

reduction of risks at the time of decision making 

and the possibility of developing a simulation 

model that can approximate reality. 

 

Simulation has been widely used to 

examine open-pit and underground mining 

problems (Newman, et al 2010). Ortiz S., 

Canchari S., Iglesias L., & Gonzales T. (2007) 

also comment that through deterministic and/or 

probabilistic simulation the excavation and 

haulage cycle of the material handling system of 

a surface mining operation can be modeled. 

Knowing the cycle, the required fleet or 

equipment is calculated at minimum unit cost 

and/or maximum production in the unit of time.  

 

For (Sepulveda, Branch Bedoya, & 

Jaramillo Alvarez, 2010) the optimization of 

mining operations is carried out, in most cases, 

through simulation as a controlled statistical 

sampling technique to calculate the performance 

of complex deterministic and probabilistic 

systems, it is applied when the analytical models 

are not sufficient to explain a phenomenon or it 

is very complex. 

 

Giubergia, Gil Costa, Mansilla, & 

Narvaez (2016) conducted a simulation of a 

mining process composed of storage hoppers 

and transport equipment, to determine the 

optimal number and capacity of trucks and 

hoppers. 

 

Gomez M. & Correa E. (2011) indicate 

that the use of discrete simulation in the analysis 

of transport and distribution in mining allows us 

to represent, analyze the current performance 

and support the identification of improvement 

opportunities. Lins de Noroha, Cano Núñez, F. 

dos Reis, & Arroyo Ortiz (2018) predict through 

a simulation model the behavior of the loading 

and transport system of materials in a mine and 

analyze the use of the equipment to objectively 

determine the size of the fleet that meets the 

required production requirements. 
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Conclusions 

 

The simulation models serve as a tool to help in 

the decision-making process since it is possible 

to experiment with different operational 

scenarios until the desired result is found and 

thus optimize the necessary resources in the 

process of loading, unloading and transporting 

material in an open-pit mine. 

 

The simulation models properly 

evaluated and validated increase the 

improvement and efficiency of the processes of 

loading, unloading and hauling in open-pit 

mines and can generate value by reducing 

operating costs, generating timely deliveries 

both internally and externally. 

The use of technologies and simulators can help 

solve problems quickly and reliably, as they are 

powerful tools that assist in decision making. 
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Abstract 

 

The present work exposes the analysis and design of the 

Equipment Loan Control System (SCPE). We developed a 

system in its analysis and design phases of control of equipment 

inputs and outputs (loans), reducing time and showing reports to 

be able to make decisions about a subsequent acquisition of 

equipment or different administration. The functionality of the 

system is based on the procedure P-EDU-05 

http://sgi.utvtol.org.mx/ mainly on the points: 8.2 (update of the 

equipment inventory) 8.4 (Delivery of laboratory hours) 8.5 

(Verification of the laboratory schedule) 8.7 Registration of 

PTC/PA (Full Time Professor/Subject Professor) in a later 

version using a fingerprint reader. In this delivery, procedures, 

processes and calculations will be analyzed; as well as define 

interfaces. In point 8.7, it will register compliance of the service 

at the end of the practice. It will also include a processing, 

calculating the compliance rates according to the procedure. The 

laboratory/equipment registration interface will reflect what is 

required in the R-EDU-20-General requirements for 

laboratory/workshop practices. Finally, the RAD (Rapid 

Application Development) methodology will be used to develop 

the system due to the use of fourth generation techniques to reuse 

existing programs. 

 

 

 

System, Control, Loan, Schedules  

Resumen  

 

El presente trabajo expone el análisis y el diseño del Sistema de 

control de préstamos de equipos (SCPE), donde se desarrolla un 

sistema en sus fases de análisis y diseño de control de salidas y 

entradas de equipo (préstamos), disminuyendo tiempo y 

mostrando reportes para poder tomar decisiones acerca de una 

siguiente adquisición de equipo o diferente administración. La 

funcionalidad del sistema está basado en el procedimiento P-

EDU-05 http://sgi.utvtol.org.mx/ principalmente en los puntos: 

8.2 (actualización del inventario de equipo) 8.4 (Entrega de 

horarios de laboratorio) 8.5 (Verificación del horario de 

laboratorio) 8.7 Registro de PTC/PA(Profesor de Tiempo 

Completo/Profesor de Asignatura) en una versión posterior por 

medio de lector de huella digital. En ésta entrega se analizarán 

procedimientos, procesos y cálculos; así como definir interfaces. 

En el punto 8.7 registrará conformidad del servicio al finalizar la 

práctica. También incluirá un procesamiento calculando los 

índices de conformidad de acuerdo al procedimiento. La interfaz 

de registro de laboratorio/equipo, reflejará lo requerido en el 

formato R-EDU-20-Requerimientos generales para prácticas de 

laboratorio/taller. Por último, se utilizará la metodología RAD 

(Desarrollo Rápido de Aplicaciones) para desarrollar el sistema 

debido a la utilización de técnicas de cuarta generación para 

reutilizar programas ya existentes. 

 

Sistema, Control, Préstamo, Horarios  
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Introduction 

 

The development of specialized software favors 

the optimization and performance of resources; 

therefore, the SCPE will promote a correct and 

unprecedented decision-making tool that will 

allow the correct administration of both the 

laboratories of the ICT major at UTVT and the 

equipment. When developing the software, we 

used the RAD (rapid application development) 

methodology because there is a shortage of 

personnel for its development. We used 

previously generated software, which mainly 

saved time in development and favored the reuse 

of code for a later version. 

 

Justification  

 

Currently, records are kept manually, so the 

waste of paper and the lack of control through a 

system implies a loss of time and resources; 

therefore, we present a solution. 

 

Problem 

  
The actual process is slow, and inconsistencies 

in capturing and reporting are typical as an Excel 

is captured at the end of a quarter, which is 

intended to be automated. 

Hypothesis 
 

Loan management of laboratories and 

equipment helps to solve the problem of 

availability since sometimes the use of material 

or laboratories is required without prior notice; 

which takes time for the teacher and/or students, 

where the system will help generate a "live" use 

report where availability will be consulted, 

which will allow teachers and students to take 

advantage of their time by not moving to the 

laboratory due to lack of availability. In the same 

way, there will be a report on the use of the 

material and/or laboratories where the system 

will allow us to know if the loan is at the limit, 

where demand exceeds supply, and it is 

necessary to acquire new units for the loan. 

 

Development of Sections and Subsections of 

the Article with subsequent numbering  

 

Theoretical Framework 

 

Somerville describes software as follows: 

 

 

Many people associate the term software 

with computer programs. However, I prefer a 

broader definition in which software is not just 

programs, but all the associated documents and 

data settings that are needed to make these 

programs operate correctly. 

(Somerville, 2005, p. 5). 

 

The way to save data will be similar to 

that of Silberschatz: 

 

"The collection of data, usually referred 

to as the database, contains information relevant 

to an enterprise. The primary goal of a DBMS is 

to provide a way to store and retrieve database 

information that is both convenient and efficient. 

(Silberschatz, 2011, p. 1) 

 

The general tools have already been 

defined as indicated by Somerville:  

 

"The system requirement definitions 

specify what the system should do (its functions) 

and its essential and desirable properties." 

(Somerville, 2005, p. 24). 

 

Collection of requirements: 

 

Functional requirements 

 

– Registration, deletion, modification and 

consultation of: 

– Equipment. 

– Users: teachers and students. 

– General requirements (self-generated 

format). 

 

– Generation of reports:  

– Utilization and loan index. 

– Equipment availability. 

 

Non-functional requirements 

 

– Local server with a 2.8Ghz single core 

processor. 

– Windows or Linux operating system. 

– Apache server. 

– PHP 5 or later. 

– Mysql server. 

– 50Gb of available storage. 

– 2 Personal computers available for 

teacher or student registration. 
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The software will be designed for a 

client-server architecture in cutting edge 

technologies such as HTML (HyperText 

Markup Language) in its version 5 and CSS 

(Cascade Style Sheet) in its version 3; together 

with PHP (Hypertext Pre-Processor) in its 

version 5; and will be implemented under a 

MVC (Model View Controller) structure. Next, 

the relational model of the database is developed 

in its basic form, since it allows the creation of 

entities (tables) and "sub-entities" (attributes) 

that acquire form to be able to make later 

diagrams, such as the general UML of the 

project: 

 

Id  2 

Name   

user_mail   

major   

password   

active   

User_type   

creation_date   

modification_date   

 
Table 1 BD Users 

 

Id   

equipment_name   

Subject   

equipment_type   

 
Table 2 BD subjects 

 

id Schedule 

1 7-7:50 

2 7:50-8:40 

3 8:40-9:30 

4 9:30-10:20 

5 10:20-12:00 

6 12:00-12:5 

7 12:50-:13:40 

8 13:40-14:30 

9 14:30-:15:20 

10 15:20-16:10 

11 16:10-:17:00 

12 17:00-:17:50 

13 17:50-18:40 

14 18:40-19:30 

15 19:30-:20:20 

16 20:20-21:00 

 

Table 3 BD Schedule 

Id   

equipment_name   

equipment_type   

 
Table 4  BD equipments 

 

Id   

equipment_name   

subject   

equipment_type   

 
Table 5 BD users-subjects-schedule 

 

Id   

practice   

address   

Group   

date   

subject   

laboratory   

schedule   

target   

software   

fingerprint_id   

 

Table 6 BD General requirements 

 

A CRUD will be allowed for all the 

tables (additions, deletions, modifications and 

consultations); although for all the cases the 

deletions will be logical; since a record must 

exist "forever" due to the fact that it will be 

possible to consult the historical from the 

beginning for a later revision or data analysis. 

 

 
 
Figure 1 Logging in 
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Figure 2 Adding equipment 

 

Loan Process 

 

The loan requested by default is that of 

laboratories, so the system will be prepared to 

quickly request a laboratory semi-automatically 

depending on the schedule in which the 

laboratory is requested, for example: The user 

logs in to the system at 10:20, and if the user has 

the subject of Programming Methodology in 

laboratory 3, the system will display that subject, 

with that schedule by default and in the same 

laboratory 3 that is already pre-filled by the 

system. 

 

Characteristics of the SCPE 

 

– Intelligent and agile: The system will 

display preloaded data of users, subjects, 

laboratory, schedules, equipment and 

acceptance or rejection. 

– Controls the availability (Throws 

available units) 

– Prediction tool (Determines if a change 

or purchase of equipment is needed to 

make it available). 

 

 
 

Figure 3 Laboratory/equipment loan 

 

 

 

 

Reports 

 

The reports that the system will throw will be: 

 

– Report of laboratory use per quarter at 

the time of consultation (in percentage) 

– Material/Equipment use report (to know 

if they need to buy more material) 

– Consult real-time laboratory use 

– Material/Equipment Loan Consultation 

 

General UML diagram of the SCPE 

 

 
 
Figure 4 Diagrama UML General del SCPE  

 

Rapid Application Development (RAD) 

Methodology 

 

This methodology promotes the reuse of existing 

code or software. And what will be done in this 

work is: 

 

– Requirements planning 

– Design 

 

Acknowledgement 
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Conclusions 

 

– The use of Object Oriented allows to 

obtain a reusable code and with the RAD 

methodology it will be possible to 

remunerate the time used in the 

development. 
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– The use of a unique key to use the 

equipment manages the traffic like a 

traffic light. 

 

– SCPE will generate reports that will help 

solve "riddles" such as the requirement to 

purchase new equipment. 

 

– The Model-View-Controller paradigm 

used in the SCPE system allows the 

"modularization" of the problems 

allowing to easily find the code divided 

by View (what is seen), Model (the 

processes) and Controller (the 

redirections); and thus within the code to 

section properly. 

 

– The use of a fingerprint reader could 

cause a remarkable improvement in the 

loan process and avoid inconsistencies. 
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