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Abstract

Business intelligence (BI) integrates and analyzes the
behavior of historical data streams, obtaining predictions.
The project allows companies in the agricultural sector
dedicated to the cultivation and export of avocados to
make decisions based on artificial intelligence, promoting
growth and competitiveness in the market. Models that
apply data analytics are implemented through simple
linear regression and recurrent neural networks (RNN). To
carry out the project, data extraction, transformation, and
loading (ETL) processes were used. The coding was
developed in Python with the Django framework, using
the sklearn, linear_model, LinearRegression, seaborn,
stastsmodels and tensorflow libraries, among others. In the
predictions for the years 2016 to 2021, greater precision
was verified in the linear regression model. When making
the export projection for the next six years, the results
coincide with a minimal difference between the two
models.

Export, Models, Neural, Regression

Resumen

La inteligencia de negocios (BI) integra y analiza el
comportamiento de las secuencias de datos histdricos
obteniendo predicciones. El proyecto permite a las
empresas del sector agricola dedicadas al cultivo y
exportacion del aguacate tomar decisiones basadas en la
inteligencia artificial impulsando el crecimiento y
competitividad en el mercado. Se implementan modelos
gue aplican la analitica de datos a través de la regresién
lineal simple y redes neuronales recurrentes (RNN). Para
llevar a cabo el proyecto se emplearon procesos de
extraccion de datos, transformacién y carga (ETL). La
codificacion se desarrollé en Python con el framework
Django, empleando las librerias sklearn, linear_model,
LinearRegression, seaborn, stastsmodels y tensorflow,
entre otras. En las predicciones de los afios 2016 al 2021,
se comprobd mayor precision en el modelo de regresion
lineal. Al realizar la proyeccién de exportacion de los
préximos seis afios, los resultados coinciden con una
minima diferencia entre los dos modelos.

Exportacién, Modelos, Neuronal, Regresion

Citation: OCHOA-ORNELAS, Raquel & GUDINO-OCHOA, Alberto. Implementation of models to predict avocado
exports. Journal-Mathematical and Quantitative Methods. 2022. 6-11:6-17.

* Author Correspondence (E-mail: raquel.oo@cdguzman.tecnm.mx)

+ Researcher contributing as first author.

© RINOE-Spain

WWW.rinoe.org/spain



7

Article Journal-Mathematical and Quantitative Methods

Introduction

Esguerra (2022) he comments in his research on
the risks in the implementation of the FTA with
the United States, which will culminate in the
year 2030, where the commercialization of rice
will be affected when the production of that
country enters Colombia, without tariffs and
competitive prices, since the productivity and
agrarian policies favor the northern country
more. Therefore, the global competition in this
and other crops generates the essential need to
implement predictive tools to reduce uncertainty
through the Strategic Marketing Plan model,
which structures the objectives, context, plan,
strategies, programs, also including stages
measurement, action and reaction and
continuous improvement. This will allow
reaching the sales targets in 2025, since the
model is a useful tool to expand and diversify
markets to other areas.

Martinez et al. (2022) they state that today
the challenges are greater in organizations due to
globalization, deregulation, changes in the
environment, and technological acceleration,
which are factors that require strategies to adapt
to changes, creating innovative models to create
advantages competitive.

Gomez (2021) they present a strategic
business plan to promote commercial statistics
linking avocado producers, and in this way,
guarantee economic development, keeping an
administrative scheme in force that allows
overcoming any difficulty that prevents
companies from achieving goals, developing
tools that promote a level of competitiveness,
increasing efficiency and control in their
activities and achievement of objectives.

Amaya (2022) mentions that Colombia is
one of the main Hass avocado producers,
therefore, they consider that during avocado
exports an effort must be made to position itself
competitively and achieve high standards with
strict control in the production and use of
technologies. In relation to the contribution of
water, it is necessary to implement sensors to
monitor humidity, so through a study of dynamic
evaluation of the soil, a simulation is
implemented through the Hidrus-1D software.
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Pifieros (2022) proposes the
implementation of technology through the
development of an artificial neural network in
Python that can recognize the level of maturity
of the uncut Hass avocado, identifying and
evaluating its characteristics through images of
each of its development stages, achieving the
implementation. with more than 90% accuracy.
This project allows farmers to benefit and not
generate fruit waste.

Today it is essential for companies to
articulate tools, techniques and predictive
models that provide reliable and timely
information to be used in decision making
(Valderrama, 2022). Predictive models provide
estimates to users to be prepared and establish
future strategies to increase the profitability of a
business (Campos, 2018). Data warehouse (DW)
systems involve a set of technologies to record
transactions, preserve and collect data,
constituting a robust source of information to be
used later in the analysis of the company's
performance. The DW allow assisting decision
making using relational database managers
among them (Lund et al., 2021). The Association
of Avocado Producers and Exporters of Jalisco
(APEAJAL) has a DW that allows the
registration and monitoring of avocado export
certificates through a relational database stored
in a cloud server managed with MySQL. The
platform also generates reports, as well as
projections on a variety of statistics available at
different user levels to support decision making,
includes the option of sending stored historical
data to a CSV file that through Machine
Learning (ML) models and RNN generates
predictions. The data was grouped in the
destinations Canada, Europe, and Japan in
general by year and by each packer, according to
the requirements established by APEAJAL. In
the development of the application, tools such as
Anaconda, Jupyter, Python and Django were
used, presenting comparative graphs of each
model in previously defined destinations:
Canada, Europe, Japan, among others.

OCHOA-ORNELAS, Raquel & GUDINO-OCHOA, Alberto.
Implementation of models to predict avocado exports. Journal-
Mathematical and Quantitative Methods. 2022
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Theoretical framework
Data science

Bl contains a set of methodologies, processes,
and technologies to collect, process, analyze and
transform information, which can be used for
strategic decision making in an organization, to
achieve better performance, producing new
business opportunities while maintaining a
competitive advantage (Benitez, 2019). Data
science is a tool for the exploitation of data, one
of its main objectives is to find models and
behaviors from the information to achieve
predictions. Data science encompasses different
fields of research in which areas such as
computing, statistics, mathematics, among
others, are involved, developing new algorithms
and computing techniques for the capture,
storage, and processing of information (Garcia et
al, 2018).

ETL processes are widely used in business
intelligence. In the extraction stage, relevant
information is collected from the different areas
of an organization, it is very important in this
section to extract significant data. In the
transformation stage, a series of methods are
carried out for the purification of the data, they
are cleaned and transformed, guaranteeing the
quality of the information. Finally, the last stage
is the upload, where the data is joined and
analyzed for decision making (Aguilar, 2019).

Data mining is an analysis process that
uses mathematical, statistical, and artificial
intelligence techniques, which aims to discover
useful or valuable information to generate or
analyze patterns that help an organization make
decisions (Joyanes, 2015). Currently, different
experimental models are available, such as linear
regression methods, decision tree, random
forest, SVM method, xgboost, logistic
regression, naive  Bayes  classification
(\Valderrama, 2022).

Used tools

Anaconda is free software that provides a set of
tools designed for research and science. Its
installation provides access to different
environments allowing coding in Python
languages, with thousands of packages and
open-source libraries (Garcia et al., 2018).
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Jupyter Notebook is a web-based
integrated development environment (IDE) that
uses a default browser, integrates text and code
output, and visualizations in an immediate,
organized, and clear manner (Rolon et al., 2016).

Machine learning

Machine learning has been used for two decades
in the analysis and modeling of data through the
implementation of algorithms using different
types of programming languages. The Python
scikit-learn machine learning package, used in
data science, includes implementations with
methods of modeling procedures and unified
data, applicable for educational and behavioral
statistics (Hao & Ho, 2019).

Other Python libraries

The matplotlib library is essential to obtain
information about the underlying structure of the
data set through its visualization, since it allows
the scientist to detect the learning algorithm that
is appropriate for the data set under study. In
addition, it generates ideas of the
transformations to be applied to the data set in an
appropriate way (Bisong, 2019a). The matplotlib
library is considered for the creation and
visualization of graphs based on data, which
contains graphs of lines, bars, scatter boxes,
among others. It has a great adaptation to styles
and custom annotations allowing developers to
create any type of visualization (Yim & Yu,
2018). The numpy library facilitates scientific
computing using multidimensional arrays, offers
an efficient and fast data structure since it uses
cache memory (Harris et al., 2020). The pandas
library allows the import of data from xlsx files
to a DataFrame, storing the columns in a list
(Llerena, 2020).

Linear regression

Linear regression analysis is a statistical
technique used to study and model relationships
between variables. Regression analysis is widely
used in data mining and has become an
indispensable tool in data science and analysis
because it can be applied to a wide variety of
problems (Montgomery et al., 2021).

OCHOA-ORNELAS, Raquel & GUDINO-OCHOA, Alberto.
Implementation of models to predict avocado exports. Journal-
Mathematical and Quantitative Methods. 2022
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Jas et al. (2020) comment that generalized
linear models (GLM) are tools for regression and
classification applied in science, economics,
business, and finance. To avoid overfitting the
data, it is essential to regularize the model by
adding penalty terms. The tools available in the
Python data science realm do not offer all these
capabilities:

- statsmodels offers a wide range of
distributions but no regularization.

scikit-learn provides elastic network
regularization but only limited noise
distribution options.

lightning provides regularization, but only
for linear (Gaussian) and logistic
(binomial) regression.

Montgomery et al. (2021) describes the
linear regression model with the following
equation:

y=p0+plx 1)
Where:
B0 is the intercept,
B1is the slope,
y is the dependent variable and
x is the independent variable.

Molina (2021) explains that the minimum
method consists of minimizing the residuals
between the real values and those estimated by
the linear regression line. The method allows us
to calculate the line that is closest on average to
all the points. The following equation considers
a deterministic component and a stochastic
component where the error estimate is included:

Yi= Bot+ B1Xi+ ¢ )

Madrofiero et al. (2021) explain that to
validate the parameters with the method of least
squares, a statistical analysis is carried out, it is
important to consider the coefficient of
determination, standard deviation, and the t-
student test, among others.

ISSN-On line: 2531-2979
RINOE® All rights reserved.

December 2022, VVol.6 No.11 6-17

In addition, they determine that to obtain
the values of S0 and B1 it is necessary to use the
calculation of the method of least squares to
generate values that minimize the expression
through the following formulas:

_ 2= (yi-y)
ﬁl - Y (xi—%)2 (3)
Bo =y —Bix (4)
Where:

x; = Value of the independent variable.
X = Mean of the independent variable.
y = Mean of the dependent variable.
n = Total number of observations.
Neural networks

Neural networks mimic the way neurons work in
humans. In the 1940s, Warren McCulloch and
Walter  Pitts  proposed  electrical and
mathematical models of neural networks.
Donald Hebb, at the end of the decade, explained
that it is precisely in the synapse or connection
between neurons where learning takes place,
since the information is represented in the brain
in a set of active or inactive neurons. The
previous rules are applied in the artificial
models. In 1956, the first conference on artificial
intelligence was presented in the city of
Dartmouth where it was stated that, in the human
brain, each of the neurons generates an electrical
impulse by connecting with other neurons
through their dendrites. Neurotransmitters
regulate the impulse between the axonal
branching and the dendrite, having a negative or
positive effect on the neuron that receives
several signals at the same time by combining
them, generating a level of stimulation or
activation, emitting electrical signals through
impulses with intensity and frequency, called
firing rate (Antona, 2017). Artificial neural
networks are a class of machine learning models
inspired by studies of the human central nervous
system, which are made up of several
interconnected neurons organized in layers. The
neurons of one layer send information to the
neurons of the next layer and in this way, the
network calculates the results (Gulli etal., 2019).

OCHOA-ORNELAS, Raquel & GUDINO-OCHOA, Alberto.
Implementation of models to predict avocado exports. Journal-
Mathematical and Quantitative Methods. 2022
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Acrtificial neural networks are currently
implemented in different sectors, since they are
trained through machine learning algorithms to
solve data prediction problems (Antona, 2017).

A neural network is a simplified model of
how information processing works in the human
brain. It considers simultaneously
interconnected processing units that are
organized in layers, similar to abstract versions
of neurons. Layers are organized into an input
layer, one or more hidden layers, and an output
layer. The units are connected where the input
data is in the first layer and the values are
propagated to each neuron in the next layer,
sending the result to the output layer. As
individual records are examined, the network
learns by generating a prediction for each record,
adjusting. The process is repeated countless
times, thus improving the predictions, achieving
stopping criteria through training (IBM, 2021).
Figure 1 shows the structure of a neural network:

input layer

hidden layer output layer

Figure 1 Structure of a neural network
Source: IBM 2021

Recurrent Neural Networks (RNNSs) solve
learning problems where historical events are
related to make future predictions, such as
language modeling, stock market prediction,
stock prices, and future movements. RNNSs fit a
time series or task sequence, that is, feedback
from an input sequence, allowing the network to
independently  incorporate  this  sequence
knowledge when making the prediction. This
type of recurrent neural network is completely
different from other artificial neural network
architectures, since it maintains a memory or
state of previous calculations (Bisong, 2019b).
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Caja (2020) comments that the most used
libraries for machine learning are: tensorflow
and keras. The tensorflow library is an open
source deep learning library created by Google.
Unlike other libraries dedicated to learning, it is
designed to be wused for research and
development (Brownlee, 2016). Each data
element is known as a tensor, which is a
representation of vectors and matrices in higher
dimensions. The ranks of each tensor indicate its
dimensions (Moocarme, 2020).

In the process, tensorflow uses keras as an
API, commonly known as tf.keras. In the tf.keras
library, the layers are connected to each other
and, as a result, it provides a clean and easy to
understand model. The keras library is open
source, developed in Python in 2015 by Google
Francois Chollet. It has a simple application
programming interface (API) that allows
modeling of neural systems. Google's tensorflow
library integrates its keras core as a frontend API
for defining and modeling neural networks. In
tensorflow version 2.0, keras becomes a high-
level API. One of the major drawbacks is that the
keras library contains a complex level of
abstraction that makes it difficult to learn. The
advantage lies mainly in the fact that the
development is light in lines of code and very
intuitive (Caja, 2020).

The keras library makes developing deep
learning models as fast and easy as possible
(Brownlee, 2016). It also helps to create a neural
network, implementing models that contain
input data to obtain output data (Torres, 2020).

Using keras, productivity is increased by
saving time in code implementation, focusing its
efforts on deep learning algorithms (Atienza,
2020).

Epoch

It is the total number of times that the forward
propagation and backpropagation algorithm is
executed. The training data goes through each
cycle to the learning neural network (Ibafiez,
2020).

OCHOA-ORNELAS, Raquel & GUDINO-OCHOA, Alberto.
Implementation of models to predict avocado exports. Journal-
Mathematical and Quantitative Methods. 2022
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Methodology

The project was carried out in APEAJAL, the
data source was obtained from a MySQL
database stored in the cloud and generated
through a monitoring platform for export
certificates from the state of Jalisco. Through
ETL processes, the input values were obtained,
classifying the data for each model in the groups
of agreed destinations. In this way, once the
models were implemented, the predictions for
the years 2016 to 2021 were obtained, which
were compared with real data, as well as the
prediction for the years 2022 to 2027.

In the first instance, the algorithms of each
model were executed in Anaconda and Jupyter
using the Python programming language. Once
the results were verified, a Python application
was developed in the Django framework to
display the predictions in an organized way in a
user interface that must be authenticated through
a login.

For the linear regression model, the
prediction from 2016 to 2021 was obtained using
the libraries in Figure 2:

from sklearn.linear_model import LinearRegression
import numpy as np

import seaborn as sns

import pandas as pd

import matplotlib.pyplot as plt

Figure 2 Regression model Libraries

Figure 3 shows the Python implementation
for the linear regression model:

December 2022, VVol.6 No.11 6-17

To obtain the prediction from 2022 to 2027
in linear regression, the libraries of Figure 4 were
used.

from sklearn import linear_model
from sklearn.metrics import
mean_squared_error, r2_score

Figure 4 Linear regression prediction

Figure 5 shows the implementation of the
libraries for the 2022 to 2027 prediction with the
linear regression model:

regresion_lineal = linear_model.LinearRegression()
regresion_lineal fit(x.reshape(-1,1), y)
print(\nParametros del modelo de regresién')
print('b (Pendiente) =" + str(regresion_lineal.coef ) + ',
a (Punto de corte) ="

+ str(regresion_lineal.intercept ))
pronostico = regresion_lineal.predict(z.reshape(-1,1))

Figure 5 Linear regression 2022 to 2027

For the neural network model, the library
of Figure 6 was used:

import tensorflow as tf

Figure 6 Neural network

Figure 7 shows the training of the neural
network model assigning 70,000 epochs:

objetivo="VENTAS_REALES"
independientes=datos_numericos.drop(columns=objetiv
0).columns

# Crear el modelo y ajustarlo

modelo= LinearRegression()
modelo.fit(X=datos_numericos[independientes],
y=datos_numericos[objetivo])

# Agregamos las predicciones como una nueva columnal
del dataset original
datos["REGRESION_LINEAL'"]=modelo.predict(datos_
numericos[independientes])

print ("Seleccionando las columnas™)

X_train = ventas_df['PERIODQ']

y_train = ventas_df['VENTAS"]#Creando el Modelo
print ("Creando el modelo™)

model = tf.keras.Sequential()
model.add(tf.keras.layers.Dense(units=1,
input_shape=[1]))

#Compilado

print ("Compilando el modelo™)
model.compile(optimizer=tf.keras.optimizers.Adam(1),
loss="mean_squared_error’)

#Entrenando el modelo

print ("Entrenando el modelo")

epochs_hist = model.fit(X_train, vy train, epochs
=70000);

#Evaluando modelo

print ("Evaluando el modelo entrenado™)

print ("Keys:")

print(epochs_hist.history.keys())

Figure 3 Linear regression 2016 to 2021
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During the implementation, several
trainings were carried out with different values
in epochs, using a fixed set of values, to measure
the precision, learning curve and training time,
and thus be able to determine the optimal
variation for the model. By increasing the
number of units in the layers of the neural
network, better results were obtained, however,
the training time was noticeably affected. The
learning curve shows the level of learning
success over time. Figure 8 shows the training
graph generated with 70,000 epochs:

1e8 Loss progress during model training

Training Loss
S

0 10000 20000 30000 40000 50000 60000 70000
Epoch

Figure 8 Training curve 70,000 epochs

Figure 9 presents a partial code to obtain
the 2016 to 2021 forecast through the neural
network model:

for contador in range (6):
#Realizar una prediccion utilizando el modelo
entrenado
Venta_C = contador+1
Venta_F = model.predict([Venta_C])
#red neuronal

December 2022, VVol.6 No.11 6-17
Results

To implement and test the prediction models,
data on exports from the destination Japan were
obtained during the years 2016 to 2021.
Comparing the results of the predictions of the
linear regression model and the neural network
model, it was verified that in the first and fourth
year the predictions are close to the real data of
exports, having a variation of approximately two
tons of difference in the last two years. See
Figure 11:

Export forecast to Japan 2016-2021

Real Export
30000 { ™™ Linear Regression
mmm Neural Networks

25000 A

20000 A

-
wu
=3
=]
o

-
(=1
=3
=]
o

Tons of Avocado Exported

5000 -

2016 2017 2018 2019 2020 2021
Years

Figure 11 Predictions 2016 to 2021 Japan

In relation to the results obtained from the
predictions of the two models, results with
minimal amounts of difference are perceived.
Table 1 shows the calculated predictions.

Figure 9 Neural network prediction 2016 to 2021

Subsequently, the code was implemented
to obtain the prediction for 2022 to 2027, see
Figure 10:

Years Real Linear Neural
export regression network
tons
2016 | 15182 14807.333333 | 14807.748047
2017 | 16115 18355.133333 | 18355.619141
2018 | 23556 21902.933333 | 21903.488281
2019 | 25417 25450.73333 25451.359375
2020 | 31194 28998.533333 | 28999.230469
2021 | 30597 32546.333333 | 32547.101562

for contador in range (7,13):
#Realizar una prediccion utilizando el modelo
entrenado
Venta_C = contador
Venta_F = model.predict([Venta_C])
#red neuronal

Figure 10 Neural network prediction 2022 to 2017
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Table 1 Comparative Real Data — Prediction 2016 to 2021

The results of the 2022 to 2027 prediction
obtained from the linear regression models and
neural networks are presented in Figure 12:
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Export forecast for the next 6 years to Japan

B Linear Regression
50000 Neural Networks
T 40000
S
o
X
w
S 30000 -
©
5]
H
<
© 20000 A
c
<]
10000 A
0 E
2022 2023 2024 2025 2026 2027

Years
Figure 12 Prediction 2022 to 2027 Japan

The amounts generated by each of the models in
the period 2022 to 2027 are presented in Table
2:

Years | Linear regression | Neural network

2022 36094.133333 36094.968750
2023 39641.933333 39642.839844
2024 43189.733333 43190.710938
2025 46737.533333 46738.582031
2026 50285.333333 50286.453125
2027 53833.133333 53834.324219

Table 2 Forecast results 2022 to 2027 linear regression -
neural networks
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Conclusions

Training time is an important factor when
implementing an artificial neural network, since
the amounts of units in the layers, the number of
layers, and the value of the epochs play an
important role. Regarding the precision of the
model, a comparison is made between the linear
regression models and neural networks, where a
minimum difference can be observed in the
results obtained, and an approximation in the
comparison with the real data.
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The project meets the requirements
proposed by the association, proposing the
results of two prediction models that were
compared with real data and manual
calculations, in the case of the linear regression
model. The project offers APEAJAL the
automatic generation of future predictions,
obtaining the input data automatically through
ETL processes from a reliable and constantly fed
database during the registration and monitoring
of export certificates. The application offers the
generation of predictions for the next six years in
a general way or by packer in the different
destinations proposed by the association:
Canada, Europe, Japan, and others.
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