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Resumen 

 

El presente trabajo describe la implementación de 

un algoritmo criptográfico en dispositivos 

móviles con Sistema Operativo Android. El 

algoritmo se llama Hill Cipher. Dicho algoritmo 

es simétrico, poli-alfabético y de sustitución. El 

algoritmo implementa operaciones con vectores y 

matrices para poder cifrar y descifrar un texto. 

Este estudio tiene la finalidad de propiciar el 

aprendizaje de las matemáticas lineales en los 

estudiantes de Ciencias Computacionales. Se 

plantea analizar el cómputo matemático que se 

produce al encriptar y desencriptar un mensaje 

mediante el procesamiento de operaciones que se 

dan lugar en los espacios lineales aritméticos en 

dispositivos con recursos de hardware limitado, 

como lo son los dispositivos móviles. Este estudio 

pretende generar entusiasmo y motivación para el 

aprendizaje de dichos temas, además de que 

implementa un experimento que muestra 

resultados alentadores.  

Antecedentes y fundamentación teórica 

 

Un tema focal en la investigación educativa es el 

uso de la tecnología como herramienta en el 

aprendizaje de las matemáticas basado en 

investigaciones y experiencia que avalan estas 

prácticas. Esto incluye los ambientes de 

aprendizaje digitales y otros medios interactivos 

como los aprendizaje basados en tecnología Web, 

en dispositivos móviles, en videojuegos y  el 

colaborativo soportado en computadora, según 

Lee S. W. et al. (2011). 

 

Según lo explica Kostrikin (1983), los espacios 

lineales aritméticos se refieren a la expresión 

cómoda y económica de las propiedades de las 

matrices y las soluciones de los sistemas lineales 

en un idioma adoptado de la geometría. 

  

La palabra criptografía proviene del griego krypto 

(oculto) y graphos (escribir) cuyo significado 

literalmente sería “escritura oculta”. Esta área se 

divide en dos grandes ramas: la Criptografía de 

clave privada o simétrica y la Criptografía de 

llave pública o asimétrica (Jacques et al., 2014). 

Según  Stallings (2005), la Criptografía Simétrica 

es un proceso matemático en el cual la 

encriptación y desencriptación se realiza usando 

la misma llave. 

 

El algoritmo de Hill Cipher es un sistema que está 

basado en el álgebra lineal y ha sido importante 

en la historia de la Criptografía. Fue inventado 

por Lester S. Hill en 1929, y fue el primer sistema 

criptográfico polialfabético que era práctico para 

trabajar con más de tres símbolos 

simultáneamente (Jacques et al., 2014).  

 

Android es un sistema operativo inicialmente 

pensado para teléfonos móviles, al igual que iOS, 

Symbian y BlackBerry OS. Lo que lo hace 

diferente es que está basado en Linux, un núcleo 

de sistema operativo libre, gratuito y 

multiplataforma, tal como lo explica Girones 

(2013). 
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Fausto Abraham Jacques García
Sandra Luz Canchola Magdaleno

Ruth Angélica Rico Hernández
Ubaldo Chávez Morales

 [abraham.jacques, sandra.canchola, rico]@uaq.mx, 
ubald.chavez@gmail.com

Resumen:

El presente artículo describe el cálculo necesario para la obtención de ma-
trices inversas modulares, con el objetivo de mostrar el uso de las ecuacio-

nes diofantinas y el algoritmo extendido de Euclides en el proceso necesario 
para la obtención de dichas matrices. Una matriz inversa modular se puede 
usar en el contexto de la criptografía simétrica para desencriptar un conjunto 
de datos cifrados con una matriz-llave. Se propone un algoritmo programable 
para dicho fin.

Palabras claves: Ecuaciones diofantinas, algoritmo extendido de Euclides, ma-
trices inversas modulares, criptografía simétrica.

Capítulo
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Resumen. El presente artículo describe la enseñanza de las matrices inversas modulares usando el algoritmo de criptografía 
simétrica Hill Cipher y su implementación en dispositivos móviles con Sistema operativo Android. El proceso de descifrado 
en el algoritmo Hill Cipher involucra el cálculo de matrices inversas modulares. El objetivo de este trabajo es la enseñanza 
del cálculo necesario para la obtención de matrices inversas modulares a estudiantes de licenciatura en las áreas de las 
ciencias computacionales a través del proceso de descifrado en la criptografía simétrica. Se realizó un experimento con dos 
grupos de estudiantes, el grupo experimental y el grupo de control. Se aplicó una prueba en ambos grupos para determinar el 
aprendizaje de los estudiantes. Un análisis comparativo entre ambos grupos muestra un incremento en el desempeño del 
grupo experimental en el cálculo de las matrices inversas modulares. 
 
Palabras clave: Criptografía Simétrica, Hill Cipher, Matrices Inversas, Dispositivos Móviles.  
 
Abstract. This article describes the teaching of modular inverse matrices with the symmetric cryptographic algorithm Hill 
Cipher and its implementation on mobile devices with Android Operative System. The decryption in the Hill Cipher 
algorithm involves the calculus of modular inverse matrices. The goal of this paper is the teaching of modular inverse matrix 
calculation to undergraduate students of Computer Sciences through the decryption in symmetric cryptography. An 
experiment was conducted on two groups of students, the control and the experimental groups. To measure student learning, 
a test was applied to both groups. Comparison of control and experimental groups results show an increase in student 
performance for the calculation of modular inverse matrices. 
 
Keywords: Symmetric Cryptography, Hill Cipher, Inverse matrices, Mobile devices. 

1 Introduction 

Mathematics is conceived as reasoning from concepts and the problem of mathematical education is not just 
rigor or logical objectivity, but meaningfulness. All deductive reasoning involves an element of observation. 
Deduction consists in constructing the relations of whose parts shall present a complete analogy with those of 
the parts of the object of reasoning and of observing the result so as to discover unnoticed and hidden relations 
among the parts [1]. Studying modular inverse matrices solving and the basic operations involved in the 
process, the abstract concepts can be materialized in real computer science applications such as cryptography. 
This would facilitate modular inverse matrices learning. Many different approaches have been used for studying 
contextualized mathematics. In recent years a 32 bit symmetric cryptographic algorithm was implemented in a 
software system to undergraduate students to motivate them in the learning of discrete mathematics, code 
correcting errors, coding theory, number theory and finite field theory, as can be seen in [2]. The result was the 
fact that undergraduate students understood basic concepts of computer security and they showed motivation in 
learning mathematics. In addition, it can be seen in [3] that the Hill Cipher Cryptosystem was implemented in a 
computer software system to teach linear transformations and to teach the importance of eigenvectors. The 
author of the project observed that undergraduate students were very interested in learning more and they 
showed better learning results and better understanding of eigenvectors and linear spaces.  

The use of mobile devices have become common among a wide range of age groups due to affordability 
and availability [4]. Mobile devices can be used for educational purposes. As can be seen in [5], in recent years, 
technology-enhanced learning research has increasingly focused on emergent technologies such as augmented 
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RESUMEN 

En el presente artículo se describe la enseñanza de las matrices inversas modulares a través del 

software desarrollado Krynapsis® dentro del contexto de la criptografía simétrica. El objetivo es 

medir la usabilidad del software y el impacto que tuvo en el proceso de aprendizaje. El enfoque 

metodológico es cuantitativo. Se usó estadística descriptiva para cada dimensión de la usabilidad. 

Así mismo, se llevó a cabo una prueba de Chi-Cuadrada con una función de densidad de 

probabilidad para todos los ítems y así determinar el valor de p. Los resultados son estadísticamente 

significativos con valores de p menor a 0.05 para cada uno de los conceptos.  

Palabras claves: Matrices inversas modulares, criptografía simétrica, usabilidad, software, 

aprendizaje.  
 

 

ABSTRACT 

This article describes the modular inverse of a matrix teaching using the developed software 

Krynapsis© in the symmetric cryptography context. The goal is to measure the usability of the 

software and the impact it had in the learning process. The methodological approach is quantitative. 

Descriptive statistics were used for each dimension of the usability. Likewise, a Chi-Square test was 

performed with a probability density function for all the items and thus determine the p value. 

Results are statistically significant with p values less than 0.05 for each of the concepts. 

Palabras claves: Modular inverse matrices, symmetric cryptography, usability, software, learning. 

1. INTRODUCCIÓN  

Las matemáticas se han constituido en las últimas décadas, en uno de los dominios específicos más 

estudiados por la educación psicoeducativa (Onrubia et al., 2002). La razón de esto se puede ser, 

muy probablemente a las dificultades, habitualmente reconocidas y ampliamente documentadas, que 

muchos alumnos muestran para aprender matemáticas en la escuela; unas dificultades que resultan 

aún más urgentes de resolver ante los niveles en aumento de conocimiento matemático que parece 

requerir un entorno social y tecnológico cuya complejidad aumenta rápidamente.  

En el presente trabajo se pretende ayudar a propiciar el pensamiento matemático a través de la 

tecnología educativa, esto es, el software en el proceso de enseñanza y aprendizaje. Para tal fin, se ha 

desarrollado un software para dispositivos móviles con sistema operativo Android, llamado 

Krynapsis®. Este software encripta con el criptosistema Hill Cipher una imagen digital o un texto 

plano usando una llave. Esta llave es una matriz cuadrada. Para desencriptar la imagen 

correspondiente, el software le requiere al alumno la transformación lineal de la llave original, esto 

es, su inversa modular. El cálculo de una matriz inversa modular involucra el método Gauss-Jordan, 

ecuaciones lineales modulares, módulo Euclidiano, la determinante, ecuaciones diofantinas, 
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Resumen. Las instituciones de educación superior y en particular la 
Universidad Autónoma de Querétaro han experimentado cambios importantes 
debido al acelerado desarrollo tecnológico, que ha cambiado la forma en 
que interactuamos con los medios de comunicación dentro y fuera del  ámbito 
educativo. Además de las necesidades de diversificación y cobertura de la 
educación en nuestro entorno social. Lo que ha originado la necesidad de 
capacitación continua  del profesorado en el uso pedagógico de las Tecnologías 
de la Información y la Comunicación (TIC) para su integración en programas 
académicos. En este trabajo se destaca la forma en que se han ido integrando 
herramientas tecnológicas en el desarrollo de materiales para los diferentes 
programas educativos de la Universidad Autónoma de Querétaro. 

Palabras Clave: TIC, Educación, Superior, Programas Educativos.  

1 Introducción 

Las instituciones de educación superior han experimentado un cambio de cierta 
importancia debido al acelerado desarrollo tecnológico que ha cambiado la forma en 
que interactuamos con los medios dentro y fuera del  ámbito educativo.  Lo que ha 
generado el desplazamiento de los procesos de formación desde los entornos 
convencionales hasta otros ámbitos, donde se requiere que los estudiantes reciban las 
competencias necesarias para el aprendizaje continuo. La enseñanza,  se ha convertido 
ahora en una educación  para la Sociedad Digital y se hace necesario revisar los 
modelos de integración curricular para insertarlos en  los mismos. Sin embargo, el 
ámbito de aprendizaje varía de forma vertiginosa y las instituciones de educación, ya 
sean presenciales o a distancia, tienen que reajustar sus sistemas de distribución y 
comunicación continuamente. 
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Factorial Analysis and Mathematical Model to Optimize Resources in 

Greenhouses Growing Orchids 
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1 Universidad Autónoma de Querétaro, Facultad de Informática, Av. De las Ciencias S/n, Campus Juriquilla, 

Querétaro, Qro, C.P 76230, México. 
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Abstract. Orchids are very well regarded in society for their amazing flowers and varieties that exist in the 

world. They have high value in the food industry through nectar, resins, oils and other rewards, as well as 

in the commercial field with the sale of flowers for ornament. Mexico, as an emerging economy, requires 

maximizing the results that are obtained when investing in projects. Small family businesses do not always 

get the expected benefits, especially by the inadequate planning of its resources, causing delays, extra effort, 

or failure. This work develops and tests a mathematical model to determine the economic feasibility of 

orchid cultivation in greenhouses. It also performs an analysis of the main orchids for the crop, according 

to several factors obtained from a factor analysis. 

1   Introduction 

Orchid species (Orchidaceae) are as varied as the habitats of the earth. Although it is a plant considered a 

cosmopolitan family because they are present in almost all regions of the world (about 25,000 species), each 

region has its endemic species and their growth habits [1]. 

The largest number of the orchid species is found in tropical countries such as Brazil, Colombia, Costa Rica, 

Ecuador, and Panamá. In Mexico, this family ranks third at the family level with about 1,260 species and 170 

genera, of which 60% are epiphytes [2], being overtaken by the Asteraceae and Fabaceae [3]. In the country, 

distribution is concentrated in tropical evergreen, sub-deciduous and deciduous forests, but more importantly 

in mesophilic mountain forests (or cloud forests) where 50-60% of the country's orchid flora is present. In the 

country, the states with the most orchid diversity are Oaxaca, with about 700 species [4], Chiapas, Guerrero, 

Jalisco, Michoacán, Tabasco, and Veracruz. 

Orchids are characterized by a floral structure formed by three sepals, and three petals, one of which is 

generally more visibly modified. Due to the modification of one of the petals, the symmetry of orchid flowers 

is bilateral. The modified petal is called the labellum and works to attract the pollinators to the reproductive 

structures of the flower. 

These plants have developed numerous strategies to achieve their pollination, some offer nectar or other rewards 

such as resins, oils, and pseudo pollen, but many others do not provide rewards and are masters in the art of 

deception. However, orchids from another point of view have a high ornamental value and are highly quoted in 

the market. That is why it is required that there exist varieties of species and genera of them in all the states of 

Mexico [5]. 

A widely used technique is greenhouses to create ecosystems with conditions suitable for their reproduction, 

and it has even been shown that higher percentages of germination are achieved to natural conditions of life. 

Greenhouses simulate ideal conditions for the cultivation of any species, keeping temperature and humidity 

throughout the production process.   

2   Problem Statement 

The problem today is to know which species of orchids are suitable for cultivation, considering the low budgets 

of small entrepreneurs and unsuitable natural conditions that involve using a greenhouse so that the above 

produces a profit in the medium and long term. This problem is aggravated when there is no experience or 
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studies related to the cultivation of orchids. The common approach would be to consult experts on the issues to 

ask for some recommendation on how to invest, which produces an extra investment and does not guarantee 

that it is the best option for an initial budget. However, with the help of mathematical models, an optimal 

solution of the case could be obtained. This allows the client to direct the resources to ensure the success of 

their business. 

3 Purpose of the investigation 

Nowadays, there are not any mathematical models that allow us to optimize resources in the cultivation of 

orchids in greenhouses, so the present research is a milestone in the subject seeking a mathematical solution. In 

addition, an analysis of the species with greater germination potential in greenhouses using numerical methods 

is proposed. Finally, it will serve to focus the use of economic resources. The main social contribution of the 

research will be to facilitate the investments in orchid cultivation and to increase the guarantee of successes of 

them. It will be achieved as the budget of each project is determined in real form, to avoid overcharging and 

underestimating them. 

4   Factorial Analysis 

Factorial Analysis (AF) is the generic name given to a class of multivariate statistical methods. It analyzes the 

structure of the interrelations between a large number of variables which do not require any distinction between 

dependent and independent variables. Using this information, it calculates a set of latent dimensions, known as 

factors that seek to explain such interrelationships. It is, therefore, a technique of data reduction since if its 

hypotheses are fulfilled, the information contained in the data matrix can be expressed, without much distortion, 

in a smaller number of dimensions represented by such factors [6]. Additionally, it uses a set of unobservable 

random variables, which are called common factors, so that all covariates or correlations are explained by such 

factors and any portion of the variance unexplained by the common factors is assigned to residual error terms 

that receive the name of unique or specific factors.  In [6] an exploratory factor analysis (AFE) and confirmatory 

factor analysis (AFC) are presented. The AFE is characterized because the number of factors is not known a 

priori, and it is in the empirical application where this number is determined. On the contrary, in the AFC the 

factors are fixed a priori, using contrasts of hypotheses for their corroboration. This research focuses on the 

AFE since the AFC is usually studied as a particular case of the Structural Equation Models. Similarly, the 

interested reader can find a detailed analysis of the AFC in the book of Kline (1998) in which a good exposition 

of such type of models is made [6]. In what follows, we try to answer the question, what factors should be taken 

into account for growing orchids in Querétaro? and for this AFE will be used.  Fig. 1 shows the model to follow 

to complete the analysis. The SPSS mathematical software was used for this purpose [7]. 

 

 
Fig. 1. Steps to perform the factor analysis. 



 

 

67 

 

4.1    Formulation of the problem 

In the formulation of the problem, the selection of the variables to be analyzed as well as the elements of the 

population in which these variables are to be observed should be addressed. Although factorial analyses can be 

performed with discrete and ordinal variables, the usual will be that the variables are continuous quantitative 

and in what follows we will stick to this case which is relevant to this investigation. There are several 

characteristics that must be considered for the cultivation of orchids. Carrying out an analysis of each of them 

for optimum performance is tedious because of the accumulation of variables to be analyzed.  In this work the 

AFE algorithm is applied to reduce the variables in a smaller group that guarantees at least 70% of the 

information collected. A set of 50 species of orchids are characterized considering seven variables; (1) 

Temperature, (2) Irrigation, (3) Relative Humidity, (4) Luminosity, (5) Wind Speed, (6) Flowering Time, and 

(7) Post Cut Period. The result of the study allows the selection of the species of orchids that are more coupled 

to this state, and that also guarantee a priori high-levels of flowering and durability post-cut for sale. The 

variables mentioned above were typified on a scale of 1 to 3, where 1 represents the lower value and 3 the 

highest value that can be reached. Table 1 shows a small sample of the matrix formed for analysis. 

 

Table 1.  Comparison of orchid species 

 
 

With the full sample set we obtain the correlation matrix of the problem in question. 

 

In Table 2 it can see the results of correlation matrix.  

 

Table 2.  Results for SPSS software: correlation matrix. Determinant=0.48 

 

Correlation Temperature irrigation wind Humidity Lumin

osity 

Flowering 

Time 

Post 

cut 

period 

Temperature 1,000 -0.27 -0.57 0.30 -.030 .040 .033 

Irrigation -.027 1,000 -0.23 -.077 -0.27 .064 .041 

Wind -o.57 -0.23 1,000 -.080 .030 -.040 .027 

Humidity  .030 -0.77 -0.80 1,000 -.056 .083 -.070 

Luminosity .030 -0.27 .030 -0.56 1.000 -0.60 -.054 

Flowering 

Time 

.040 .064 -0.40 .083 -0.60 1,000 -.034 

Duration 

post-cortada 

0.33 .041 .027 -.070 -0.54 -0.34 1,000 

Temperature  .284 .000 .000 .000 .000 .000 

Irrigation .000  .000 .000 .000 .000 .000 

Wind .000 .000  .047 .000 .000 .000 

Humidity .000 .000 .000  .118 .000 .070 

Luminity .264 .000 .000 .000  .000 .000 

Flowering 

Time 

.000 .090 .000 .000 .104  .000 

Duration 

Post  

.000 .197 .283 .000 .130 .047 .000 

 

 



 

 

68 

 

4.2    Analysis of the correlation matrix 

Once the problem is formulated, and the data matrix X is obtained, the next step is to verify that the variables 

are highly intercorrelated. Thus, if the correlations between all variables are low, AFE may not be appropriate. 

One way to evaluate this fact is through the Measurement of Adequacy of the KMO Sample proposed by Kaiser, 

Meyer, and Olkin. This measure is given by: 

 

 

(1) 

 

where  is the partial correlation coefficient between the variables Xi and Xj, eliminating the influence of 

the rest of the variables. KMO is an index that takes values between 0 and 1 and it is used to compare the 

magnitudes of the observed correlation coefficients with the magnitudes of the partial correlation coefficients 

so that the smaller the value, the greater the value of the partial correlation coefficients  and, therefore, less 

desirable is to carry out a Factor Analysis. [6] 

Kaise, Meyer, and Olkin advise that if KMO ≥ 0.75 the idea of performing a factor analysis is good, if 0.75> 

KMO ≥ 0.5 the idea is acceptable and if KMO <0.5 is unacceptable. Fig. 3 shows the results obtained when 

applying the KMO test using the SPSS program. 

 

KMO & Bartlett Test 

Sample adequacy Kaiser-Meyer-Olkin measure  0,820 

Barlett sphericity Test 12934,432 

gl 243 

Sig. 0,000 

 

Fig. 3. Results for SPSS software: KMO and Bartlett test 

 

It is observed that the value of the KMO = 0.820 exceeds the limit of the ideal values proposed by Kaiser, 

Meyer, and Olkin showing that, in this case, most probably, the data reduction process is correct. Bartlett's 

sphericity test, however, contrasts the null hypothesis that the correlation matrix is an identity matrix indicating 

that there are no significant relationships between the variables. In this case, the value is less than 0.05, so the 

null hypothesis is rejected, and it coincides with the data that the KMO value gives. 

4.3    Extraction of factors 

The objective of the AFE is to determine a small number of factors that may represent the original variables. 

Therefore, once factor analysis has been determined to be an appropriate technique for analyzing the data, the 

appropriate method for factor extraction should be selected. [6] 

In this particular case, the principal components method is used. The method consists in estimating the factor 

scores by the typified scores of the first main components and the matrix of factorial loads using the correlations 

of the original variables with those components. This method has the advantage that it always provides a 

solution.  

4.4    Determination of the number of factors 

The factor matrix may present some factors greater than that necessary to explain the structure of the original 

data. The first set of factors contains almost all the information while the other factors often contribute relatively 

little. One of the problems that arise is to determine the number of factors that should be preserved since it is a 

matter of complying with the principle of parsimony. 

 

One of the criteria for determining the number of factors to be retained is the percentage of variance. This 

rule consists of taking as a number of factors the minimum number necessary for the cumulative percentage of 



 

 

69 

 

the explained variance to reach a satisfactory level, which is usually between 75% and 80%. [6]. Table 3 the 

results from SPSS of the research in question. The results show that the initial problem can be explained by 4 

components.  
 

 

Table. 3. Results for SPSS software: Total variance explained 

 

Initial values 

Component Total % variance % accumulated 

1 1,214 27,336 27,336 

2 1,115 25,930 53,266 

3 1,037 24,808 78,074 

4 .983 8,044 86,118 

5 .944 6,492 92,610 

6 .876 5,519 98,129 

7 .831 1,871 100,000 

4.5    Factor Rotation 

Rarely, factor extraction methods provide matrices of factorial charges suitable for interpretation. To solve this 

problem, the rotation procedures of factors look to obtain those whose matrix of factor loads make them more 

easily interpretable. In this way and given that there are more variables than common factors, each factor will 

have a high correlation with one group of variables and low with the other variables. Examining the 

characteristics of the variables of a group associated with a particular factor can be found common features that 

allow identifying the factor and giving a denomination that responds to those common features. The varimax 

rotation method minimizes the number of variables with high loads in one factor, thus improving the ability to 

interpret factors. This method considers that if it is possible to increase the variance of the factorial loads to the 

square of each factor getting some of its factorial loads tend to approach one while others approach zero, what 

is obtained is a more clear and intelligible belonging of each variable to that factor. [6] 

The new axes are obtained by maximizing the sum of the factors retained from the variances of squared 

factor loads within each factor. To avoid that the variables with greater commonalities have more weight in the 

final solution, the normalization of Kaiser usually consists of dividing each factorial load squared by the 

commonality of the corresponding variable. Consequently, the varimax method determines the matrix so that 

the sum of the variances is maximized: 

 

 

(2) 

 

The result of the application of the varimax method in this research not only reduces the dimension of the 

problem but also reveals the nature of the interrelations between the original variables.   Table 4 shows the 

result of SPSS software. 
 

Table 4. Results for SPSS software: Matrix of rotated components 
 

Variable 1 2 3 

Temperature .664   

Humidity .516   

Wind Speed -.473   

Post cut period -.402 .672  

Flowering Time  .590  

Luminosity   -.511 

Irrigation   .825 
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4.6    Interpretation of factors 

In the interpretation phase, the existing theory on the subject plays a fundamental role. For practical purposes, 

the following two steps are suggested in the interpretation of factors [6]: 

 

1) Identify the variables whose correlations with the factor are the highest in absolute value. 

2) Try to name the factors. The name must be assigned according to the structure of its correlations with the 

variables. 

3) Taking into account the above, we determine three factors that group the following variables  (See Table 

5). 

 

Table 5.  Relationship of factors with variables 

 

Factors Variables 
 

Clime 

Temperature 
Humidity 
Wind 

Artificial elements that influence orchids 

grown. 

Irrigation 
Luminosity 

Elements that affect in the sale of orchids Flowering time 

 

 They are determined for greenhouse cultivation species of Phalaenopsis, Dendrobiums and Cattleya in an 

analysis of the orchids that best adapt to Querétaro's climate conditions [8], those that flower more 

systematically and their flowers last longer than average. From now on the costs and specifications of the crops 

are based on the three-selected species. 

5   Mathematical model 

The mathematical model that is presented in this section responds to the need to optimize the costs of the initial 

investments for the cultivation of orchids in greenhouses. The model contemplates the general parameters that 

are included in each investment project[9]. 

These projects include: material resources that are divided into infrastructure elements (in the case of the 

present investigation it is a fixed cost that contemplates all the elements of the infrastructure although it is posed 

in the mathematical model, in a differentiated way, each price for future applications), equipment needed for 

cultivation (Automated irrigation machines, temperature, and relative humidity control, among others), cost of 

young plants with approximately 12 months (cost includes substrate and pot; otherwise their costs must be taken 

into account). 

 

 
Table 6. Elements of the mathematical model. 

 

 Budget. 

 Initial budget. 

 Actual budget (suggested by the algorithm) 

 Meter. 

 Number of meters long 

 Number of meters width 

 Number of square meters available 

 Actual square meters (suggested by the algorithm) 

 Plant. 

 
Set of plants for the cultivation 

 
Number of plants occupied by a seed bed 

 
Space it occupied by each plant in m2 (constant value) 

 Plant spacing in m2 (constant value) 



 

 

71 

 

 
Cost of each plant (including substrate and pot) 

 Infrastructure and Equipment. 

 Infrastructure cost 

 Cost per square meter of infrastructure (constant value) 

 Cost per equipment required for crop development 

 Estimated cost of infrastructure and equipment requested for 

cultivation 
 Seed beds. 

 Number of seed beds 

 Width of seed beds (fixed in one meter) 

 Size in square meter of a seed bed 

 Separation space between seed beds (constant value) 

 Size in square meter of each space between bed 

 Cost per seed bed. 

 

The objective function corresponds to the budget needed for growing orchids and it is formulated as follows: 

 

 

(3) 

Where corresponds to the cost of each seed bed  is the estimated cost of infrastructure and equipment 

requested for cultivation and i is the number of seed beds. 

 

Model Restrictions: 

The  budget cannot exceed the initial budget that is denoted by .  

It is also formulated the restriction that the number of square meters used  cannot exceed those available

: 

The  budget cannot exceed the initial budget that is denoted by .  

 (4) 

It is also formulated the restriction that the number of square meters used  cannot exceed those available

: 

 , (5) 

for this, first it is determined the number of square meters available : 

 , (6) 

where corresponds to the width of the available space and  to the length: 

 (7) 

where refers to the amount of bed,  to the size that occupies in square meter each bed. To this result it 

is added the size that occupies the spaces between beds that is described as the number of spaces between beds 

( -1) by the size in square meter that occupy each space between beds . 

The size of each bed is determined by  which corresponds to the width of each bed (for this research is 

defined in one meter) and  to the length of the space available. Keeping each bed throughout the available 

space. Under this same hypothesis, the size in square meter is calculated such that occupy each space between 

bed . With every bed and space remaining between beds throughout the space available. 

 ,  

(8) 

 ,  

(9) 

Where  corresponds to the space between beds (for this investigation is defined in 0.6 meters), the rest of 

variables are explained before.  
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 It is extremely important to know the number of plants that can coexist in a bed of seed  as well as the 

number of plants that occupy the total space  and for this the following restrictions will be used: 

 
(10) 

At this point we must calculate the number of beds occupying the assigned space . In the investigation the 

width of the beds in a meter is defined and the length is determined by the size of the entrance length: 

 (11) 

where  is the number of width meters available,  refers to the width of the bed and  corresponds to 

the space required between the beds. It should be noted that if the rest of the division exceeds a meter another 

bed is added. With the following formula: 

 (12) 

For the calculation of  the following function will be used: 

, (13) 

where  represents the space or size occupied by a plant,  represents a separation constant between plants 

and  the size of a seed bed. The variable  stores the number of plants per seed bed. The remainder of the 

division should be compared with , in case of being bigger it must be added another plant to the total. 

 
(14) 

From this function it follows that the multiplication of  by the cost of each plant  obtains the cost per 

bed of planting, represented by : 

 
(15) 

The estimated cost of Infrastructure and Equipment requested for the crop  is considered as the sum of the 

costs of the equipment  and infrastructure  considered in the project, in the following equation the restriction 

is presented: 

 , (16) 

where  is the cost per square meter of infrastructure and  corresponds to the number of meters 

available. 

 

(17) 

Where  is the infrastructure cost, and  is the cost of the i-th equipment required for the maintenance of 

the plants. 

To distribute the expenditure of the two components of the objective function and to allocate more money to 

the purchase of the plants than to the expenses related to infrastructure and equipment, the following restrictions 

are proposed in the model. The cost of the plants will comprise between 50% and 60% of the initial budget : 

 

 

(18) 

where  refers to the estimated cost per seed bed and j to the number of seed beds that occupy the site. In 

this way the cost of the infrastructure and equipment will comprise between 40% and 50% of the initial budget: 

 

 (19) 

where IE represents the estimated cost of Infrastructure and Equipment requested for the crop. The research 

defines a set of values for some constants that intervene in the model [10] [11] [12].  The cost of variables son 

summarized in Table 7. 

 

 

 
Table 7. Costs of variables that intervene in the model. 

 

Variables Costs (MX) 
Plants (includes substrate and pot) 200 
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Infrastructure square meter 310 
Irrigation system 2100 
  

 

 

Measures of variables are shown in Table 8. 

 

Table 8. Measures of constant variables that intervene in the model. 

Variables Measurement 

m2 m 
Space occupied by each plant 0.04  

Separation space between plants 0.01  

Width of seed beds  1 
Separation space between seed beds  0.6 

 

6   Conclusions and future work 

Research on orchid cultivation allowed us to observe that orchid planting constitutes a source of income in the 

medium and long term, depending on the size obtained for its cultivation. The factorial analysis showed three 

essential factors that must be taken into account for the growing of orchids in a particular place. Due to the 

above the species Phalaenopsis, Dendrobiums, and Cattleya adapt to the conditions of the climate of Queretaro. 

Also, they are the flowers that more frequently in the year and its flowers have a high post-cut life. The 

development of the proposed mathematical model allows a significant optimization of the resources and the 

number of plants to be cultivated in a defined area. This optimization of resources and plants allows obtaining 

profits without wasting unnecessary costs. The proposed mathematical model can be used as a basis and 

development to optimize costs in other greenhouse crop problems. 
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Del obstáculo al éxito en el pensamiento matemático

Lorena Isis Hernández Basilio
Ubaldo Chávez Morales

Fausto Abraham Jacques García

Introducción

El lenguaje de las matemáticas tradicionalmente ha sido considerado como 
exclusivo de las mentes más privilegiadas, de las inteligencias más profun-

das y preclaras, por lo que sólo los elegidos pueden entenderlo, desarrollarlo y 
aplicarlo, de acuerdo con esta visión. Por ello, las matemáticas han represen-
tado un gran obstáculo para el desarrollo estudiantil, siendo su dominio un 
parámetro para la elección de carrera o incluso para descartar o reafirmar la 
proyección del grado de éxito esperado del estudiante y del futuro profesional.

Por su importancia, las matemáticas, creadas y usadas desde el inicio de la 
vida humana, han representado una forma de conocer el mundo, de interpre-
tar la realidad y de contar con elementos que pueden ayudar a transformarla. 
Como consecuencia, generar reflexiones en torno a los elementos que pueden 
favorecer o entorpecer el aprendizaje de las matemáticas resulta prioritario.
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