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ABSTRACT

Cardiovascular diseases are currently the leading cause of death worldwide. There are challenges, such as
untimely healthcare, lack of access to technologies and timely diagnoses. Therefore, this project focuses
on the use of innovative tools, giving way to the need to use artificial intelligence in the field of Machine
Learning to improve the prediction of cardiovascular diseases. The research focused on determining the most
effective kernel function in Artificial Neural Network (ANN) and Support Vector Machine (SVM) algorithms,
making a fair comparison and evaluating the accuracy and prediction time of each proposed kernel function.
Based on the results, these new optimal kernel functions are integrated into the scikit-learn library, achieving
validation in the appropriate configuration for predicting the risk of CVD. This innovative approach reduces
detection time, minimising the chances of future complications from preventable diseases, and provides
timely diagnosis and risk factors with early warnings that can be extremely useful for healthcare personnel.

Keywords: Kernel Functions; Prediction; Cardiovascular Diseases; Artificial Neural Networks; Vector Support
Machines; Machine Learning; Artificial Intelligence.

RESUMEN

En la actualidad las enfermedades cardiovasculares, constituyen la principal causa de muerte a nivel
mundial. Existen desafios, como la inoportunidad en la atencion en salud, falta de acceso a las tecnologias y
diagnosticos oportunos, por ende, este proyecto se enfoca en el uso de herramientas innovadoras, dandole
paso a la necesidad de utilizar inteligencia artificial en el ambito de Machine Learning, para mejorar la
prediccion de las enfermedades cardiovasculares, es asi que la investigacion se centrd en determinar la
funcion kernel mas eficaz en algoritmos de Redes Neuronales Artificiales (ANN) y Maquinas de Soporte
Vectorial (SVM), haciendo un comparativos ecuanime, evaluando la exactitud y el tiempo de prediccion de
cada funcion kernel propuesta. Con base en los resultados, se integran esas nuevas funciones kernel optimas
a la biblioteca scikit- learn, logrando una validacion en la configuracion apropiada para la prediccion del
riesgo de padecer alguna ECV, este enfoque innovador permite reducir el tiempo de deteccion, minimizando
asi las posibilidades de complicaciones futuras de enfermedades que se pueden prevenir, y aportar de manera
oportuna en el diagnostico y factores de riesgo con alertas tempranas que pueden ser de gran utilidad para
el personal de salud.

Palabras clave: Funciones Kernel; Prediccion; Enfermedades Cardiovasculares; Redes Neuronales Artificiales;
Maquinas de Soporte Vectorial; Machine Learning; Inteligencia Artificial.
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INTRODUCTION

Cardiovascular diseases are disorders of the heart and blood vessels, and have become the leading cause
of death worldwide.:2:34567.8910.11) |n Colombia, during 2021, a total of 51 988 deaths were registered as a
result of CVD-related conditions, 12 % more than in 2020, with a significant increase in the incidence of cases
in women, according to figures from the National Department of Statistics (DANE) 4. Although the country has
made progress in efforts to reduce the burden of these scenarios, fragmented actions are still present within the
health system, and the individual sacrifices of each actor are insufficient.612.13,14,1516,17,18,19.20) Viarious elements
may contribute to inefficiency in the timely prevention of these pathologies, including inadequate care in health
centers, limited access to technologies, delayed diagnosis, and scarce information on modifiable factors that
can directly affect their health, potentially leading to severe complications in the future.@0:21.22,23,24,25,26,27,28,29,30)

For these reasons, health professionals are forced to change the way they approach patients’ conditions from
the principles of health promotion and disease prevention as a new public health policy.?3:31:32,33,34,35,36,37,38,39,40)

In other words, as mentioned by Arias®, even if one manages to ensure access to a given health service,
especially in the most vulnerable sectors, the benefit is null if one cannot save lives and improve them with the
resources allocated for these diseases, in which a monitoring and analysis outside the clinical setting continues
to be fundamental to timely discover the associated complications in a large part of the population. Rapid
action at any location is vital; it is essential to reduce the time to detection and care to minimize the chances
of cardiovascular damage, coma, or, in the worst-case scenario, death. “1:42,4344,45,46,47,48,49,50,51)

Some technologies promise to revolutionize the field of cardiovascular disease prevention. Likewise, thanks
to their incredible capabilities, they are the perfect tool to improve their prediction.

Consequently, various studies have been conducted, whose results indicate that machine learning can
significantly aid in identifying cardiovascular episodes or diseases in healthy individuals. (-52,53,5455,56,57,58,59,60)

The following research aims to determine from the algebraic and transcendental functions, the kernel
function that offers the best compromise in the prediction of cardiovascular diseases in SVM and ANN algorithms,
providing researchers with kernel functions, from a fair comparative study, where the accuracy and prediction
time of each function is measured; Afterwards, these new kernel functions are coupled to the Scikit-learn
library, the configuration is validated by taking the most appropriate for the prevention of CVD taking into
account the error-time relationship, and thus managing to build the mobile application for early warnings by
implementing the predictive model. (61:62,63,64,65,66,67,68,69,70,71,72)

From a set of transcendent functions, which kernel function has the best compromise between accuracy and
prediction time, to support the diagnosis of cardiovascular diseases?

General Objective

To determine from the algebraic and transcendental functions, the kernel function that offers the best
compromise in the prediction of cardiovascular diseases in the SVM and ANN algorithms from a fair comparative
study, where the accuracy and prediction time of each kernel function are measured.

METHOD
Paradigm

This research is framed within the positivist paradigm, a paradigm that is rational, objective, and based
on verifying facts and particularities of scientific knowledge, characteristic of the engineering discipline’s
essence, which is in turn characterized by a high interest in verifying knowledge through predictions. Some call
it the “predictionist paradigm” because the important thing is to pose a series of hypotheses, such as predicting
that something will happen, and then verify or test them. It is in the exact and natural sciences where it has
the most excellent application.®® The present project enables the study of SVM and ANN algorithms through
the use of kernel functions, performing systematic hyperparameter tuning configurations, and applying these
methods to the data. Furthermore, the presence of variables in the datasets significantly influences further
prediction and subsequent analysis.

Approach

The approach to be used in this research is empirical-analytical, it is a method of observation used to
deepen the study of phenomena, being able to establish general laws from the connection that exists between
cause and effect in a given context, it is also one of the models to describe the scientific method, which is
based on experimentation and empirical logic.®® It addresses the reality of observable, quantifiable, and
measurable facts. It is a method that rigorously contrasts its hypotheses through scientific demonstration,
determining whether a hypothesis is true or false.®® The current project enables the observation and analysis
of the causes and effects of the studied problem, proposing experimentation and testing processes that will
serve as a basis for proposing a solution. In this way, appropriate models will be developed for predicting
cardiovascular diseases.
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Method

The method will be quasi-experimental, as its objective is to test a causal hypothesis by manipulating an
independent variable and then analyzing the consequences of the manipulation on one or more dependent
variables.

This will be reflected in the support for clinical diagnosis in the prediction of cardiovascular diseases,
promoting, in turn, hyperparameters for obtaining predictions in the SVM and ANN algorithms against the
dataset of cardiovascular disease factors.

The methodology to be used in the project is CRISP-DM, which stands for Cross-Industry Standard Process
for Data Mining, a proven method to guide data mining work. As a methodology, it includes descriptions of the
typical phases of a project, the tasks required in each phase, and an explanation of the relationships between
the functions.“?

ENTENDIMIENTO ENTENDIMIENTO
DEL HEGOCID DE LS DATOS

EVALUACKON

Source: https://www.iic.uam.es/innovacion/metodologia-crisp-dm-ciencia-de-datos/
Figure 1. Schematic diagram of the standard CRISP-DM cycle

The CRISP-DM methodology establishes a data mining project as a sequence of phases: “"

1. Business Understanding: the objective of this phase is to align the data mining project’s goals with
the business objectives.

2. Data compression: two key points in this phase are understanding the data, its structure, and
distribution, as well as ensuring data quality.

3. Data preparation: the ultimate goal of this phase is to obtain the final data on which the models
will be applied. The ultimate goal of this phase is to develop a model that enables us to achieve the
project objectives.

4. Modeling: the ultimate goal of this phase is to develop a model that enables us to achieve the
project objectives.

5. Evaluation: in this phase, we focus on evaluating how closely the model aligns with the project
objectives.

6. Deployment: the ultimate goal of this phase is to deploy the results obtained so that they can be
propagated to end users, as well as to maintain them once the deployment has been completed.

At the moment the projects that have to do with the development of intelligent models are focused on two
specific methodologies, one is KDD and the other is CRISP-DM, where the latter is a more dynamic methodology,
which allows the interaction of the model cycle and also of the software, achieving an interactive development,
thus allowing the model to be scalable, it has that dynamism of feedback that has some phases that make up
the methodology.

Type of research

The type of research developed throughout the project is determined by the kind of applied research being
conducted. It pursues the creation of knowledge by applying it directly to social problems. It is based on the
technological results of basic research, which deals with the relationship between concept and product.
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Research design

The research design is testing because different types of tests will be performed, such as analysis in terms
of performance, confidence by training algorithms giving a prediction, the project is based on two tools that
takes into account the process stages of support vector machines and artificial neural networks, in this way the
following phases are proposed.

e Connection to the data: it is mainly necessary to have a repository that provides us with data
from different authors, thus allowing an estimation of the data obtained to be sufficient and relevant for
model building.

¢ Definition of an evaluation criterion: this is a measure of error, commonly the use of the mean
square error that allows its use in measures such as accuracy and completeness.

e Preparation of the data: complete data, combination of data from various sources, appropriate
formatting of the data, keeping in mind the relevant characteristics, and subsequently the construction
of the model.

e Error analysis: use different SVM and ANN models, check the data if it is required in its entirety or
only some of it is taken.

e Training phase: when the type of artificial neuron to be used in a neural network is selected and
the topology is determined, the training process of the network begins so that it can be used. From a set
of random synaptic weights, the learning process searches for a set of weights that allow the network to
correctly perform a specific function.

e Operation phase: once the learning phase is finished, the model may become too adjusted to the
particularities present in the training patterns, losing its ability to generalize its learning to new cases.“?

¢ Analysis of results and knowledge discovery: the results of the methods will be analyzed through
visualizations, so that it can determine which methods performed better on the different datasets, this
allows researchers to test their methods in SVM, ANN and thus allows a safe prediction of cardiovascular
diseases and this tool allows to be used as diagnostic aids.

Population

The purpose of this research is to study the epistemological and mathematical part of the object of study,
which in this case are the kernel functions applied to SVM and ANN, therefore, neither population nor samples
are required, as mentioned in the maximum distinction research Evaluation of Dimension Reduction Methods For
The Topological Preservation Of Data Using Rnx Metrics developed by (Correa Lozano. C.D., Lozano Thomé.J.A.,
Urrea Burgos.D.F.), since the nature of the project demands a Data Driven Approach type of research, in which
the databases are the main ones in the development of the project. The Datasets that will be worked on will
be tested on different datasets. This project will not use focal data but will utilize various databases already
established by other researchers.

Data collection techniques

This project does not require the collection of new information, as databases with standard characteristics
are already available and used by different researchers to test various methods of cardiovascular risk prediction.
But the databases used are listed below and will be taken into account:

Kaggle dataset repository tools

A national institute responsible for education evaluation, to facilitate the use and consultation of the test
results databases, has made the digital FTP available to the academic community for researchers. This tool serves
as a repository for research groups and advanced-level students interested in participating in research calls,
providing them with firsthand information to develop their proposals. From the crossing of available databases,
it is possible to compile data that allows for the classification of students into different socioeconomic levels.
It is of interest in this project to predict a student’s socioeconomic level from the information in the database.

To do this, use all the prediction techniques seen (some to be seen) in class:

e Knn - Nearest neighbors.

Classification trees
Neural Networks.
Random Forest
Boosting, Gradient Boosting
LDA, QDA, FDA.#

UCI dataset repository tools
The UCI machine learning repository is a collection of databases, domain theories, and data generators
used by the machine learning community for empirical analysis of machine learning algorithms. The archive
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was created as an ftp file in 1987 by David Aha and his fellow graduate students at UC Irvine. Since then, it has
been widely used by students, educators, and researchers worldwide as a primary source of machine learning
datasets. As an indication of the impact of the archive, it has been cited over 1000 times, making it one of the
top 100 most cited “articles” in all of computer science. The current version of the website was designed in 2007
by Arthur Asuncion and David Newman, and this project is in collaboration with Rexa.info at the University of
Massachusetts Amherst. Financial support from the National Science Foundation is gratefully acknowledged.“

Validity of the technique

The variables in the repository dataset will be preprocessed using cleaning algorithms, scaling transforms,
and dimension reduction algorithms. To store the results of each experiment, especially for the kernel functions,
they will be stored in a dataframe whose data will be saved in a CSV file.

Reliability of the technique

This project, as mentioned in previous sections, adopts machine learning techniques to generate data
that can significantly reduce the potential margin of error. This will be achieved by adjusting the algorithm
settings appropriately. Additionally, the results obtained from these tests will be used to validate or refute the
hypothesis presented.

RESULTS
This chapter presents the results of the research that correspond to the development of each of the stated
objectives.

Definition of Kernel functions recommended by experts
Results for the definition of kernel functions with expert recommendation

To execute the result of the first objective, which is to define Kernel functions based on the recommendation
of experts, we proceeded to the search of two essential documents having a different subject matter between
them, and at the same time a close relationship with the use of Kernel functions, their behavior with a variety
of data and which are the most adequate to fit the created model. It begins with a review of the scientific
literature related to the use of Kernel functions, citing these experts, which shows that there is a theoretical
basis for exploring alternative Kernel functions.

One of the articles of which is taken into account for the development of this research is the article of
Mora.H., in his project entitled “Comparison of Kernel functions for the prediction of photovoltaic energy
supply” published in the year 2020, Spain“), and the other expert Belanche.L., in his project entitled “Kernel
Functions for Categorical Variables with Application to Problems in the Life Sciences” published in the year
2013, Barcelona, Spain“®, it can be evidenced that they make use of alternative Kernel functions, generally
in the implementations of the libraries that are in machine learning and that in turn 4 algorithms of Linear,
Polynomial, RBF, Sigmoid Kernel functions are implemented, taking the latter Belanche.L that with his project
presents that the proposed approach can remarkably outperform the Standard Kernels, so it can be used
as a good alternative to other standard Kernel functions (at least for SVM classification) to obtain better
accuracy, with alternative functions can be acquired better results than the RBF, since it is highlighted that the
Categorical Kernel takes advantage of information that is not used by the other Kernels, such asK 0 or the RBF
Kernel. This suggests that the Categorical Kernel can capture relationships and patterns in the data that the
other Kernels cannot capture.

It is also important to note that the paper mentions that in cases where the results of the Standard Kernels
are good, the Categorical Kernel K1 improves slightly compared to KO, and both outperform the RBF Kernel.
This indicates that the proposed approach is beneficial even when the results are already acceptable. It is
noted that the RBF Kernel exhibits poor performance in some instances, likely due to its susceptibility to
overfitting on small sample data in high-dimensional representations.

And the first mentioned paper by Mora, H., uses a pair of Kernel functions: the Gaussian and Polynomial.
From this research, it is highlighted that alternative Kernels have only improved results for SVM and worsened
for ANN. It is hypothesized that the Kernels work better for SVM than in other linear classification and prediction
algorithms because this algorithm uses the maximum margin criterion, opening the discussion to perform new
experiments that take into account more machine learning algorithms that use Kernel functions, evaluating
these algorithms with different databases for classification and prediction. The results of the analysis indicate
that SVM with the Standard and Min-Max normalizers, and the Triangular and Rational Quadratic Kernels, are
the most suitable for regression on Landsat and MODIS data. At the same time, the Kernel functions proposed
by both Belanche and Mora are those defined in the following table.
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Kernel
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Source: comparison of kernel functions on prediction of supply of alternative energy sources
Figure 2. Mathematical formulation of the kernel functions used by experts

And of which additionally based on belanche’s definition:
k(x, x') = (@(x), D(x)

From which the following kernels are proposed as exploration:

A Radial Logarithmic Basic kernel: this is a similarity function used to measure the distance between data
points in a feature space. The RBF kernel can map data to a higher dimensionality feature space where the data
can be more easily separated by a hyperplane. This allows algorithms such as SVMs to perform classification and

regression on data sets that are not linearly separable in their original space. Since the RBF kernel can capture
nonlinear patterns, it is useful in situations where the data has complex, nonlinear relationships.“”

bkinrbf =InY y{x, x')
bkinrb=Y Iny{x,x')

All this above analysis led us to define Kernels inspired by the conception of alternative activation functions
in neural networks and they are:

Kernel
Polynomial (pk) Triangular (tk)
r ’ X —X
K(x,x) = (|x, x| + )¢ |u—xusa+1—”
a
[lx —x]|>a—-0
a>0

Hyperbolic (hk) Rational Quadratic (rqk)
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K(x,y) = tanh(x |x,y| + ¢)

Radial Basic (rbk)
d m
Xe=y(xi—xi)?)
i=1
Yy>0meN
Canberra (ck)

d ,
1 _xi— X, |

1__dZ Y [xi| + [XiT

ye€(0,1]
Sigmod (sigm)
k(x,y) = tanh(y|x,y|)

[lx—x[|?
[lx = x>+ a
a>0

Truncated (trk)

d
1 e
- > max (O,M)
= Y

L

y>0

Laplacian (Ipl)

=llx =yl
k(x,y)=e ( v )

Cosine (cos)

= Ax=yil
k(x,y) = [y

Figure 3. Mathematical formulation of the kernel functions used in the project

The mathematical function of the Kernel is represented in figure 3 and in the following table, figure 4, its

respective codification in Python language.

Encoding of Kernel functions

Kernel

Polynomial (pk)

#POLYNOMIAL KERNEL m E N, a>@

def polynomial(x,y, degree=3, gamma=0.01,coef0=0.0):
m=degree
a=gamma
return (a*np.dot(x,y)+1)**m

Hyperbolic (hk)

#Hyperbolic tangent kernel a@>@, b<@
def hyperbolic(x,y, degree=3, gamma=0.01,coef@=0.0):
b=coef@

a=gamma
return np.tanh(a*np.dot(x,y)+h)

Radial Basic (rbk)

def radial basic(x, y, degree=3, gamma=8.01,coef8=0.0):
m=degree
sm=0
sm=np.sum(np.exp(-gama*( (x-y)**2)))
return sm**m

Canberra (ck)

#CANBERRA
def c_canberra_kernel(gamma):
def ck(X,Y):
return canberra(X,Y,gamma=gamma)
return ck

Sigmod (sigm)

https://doi.org/10.56294/ai2025172

Kernel

Triangular (tk)

#Triangle a>@
def triangle(x,y, degree=3, gamma=0.01,coef0=0.0):
a=gamma
norm=la.norm(np.subtract(x, y))
if norm<=a:
return 1-norm/a
return @

Rational Quadratic (rqk)

#Rational quadratic a0

def rquadratic(x,y, degree=3, gamma=0.81,coef8=8.1):
a=coefd
norm=1a.norm(np. subtract(x, y))

return 1-(norm**2)/(norm**2+a)

Truncated (trk)

#Truncated gamma>@
def truncated(x,y, degree=3, gamma=0.01,coef©=0.@):
sm=8
d=x.shape[©]
val=1-np.abs(x-y)/gamma
sm=np.sum(val[val>8])
return sm/d

Laplacian (Ipl)

#LAPLACIAN
def c laplacian_kernel(gamma):
def 1pl(X,Y):
return laplacian(X,Y,gamma=gamma)
return 1pl

Cosine (cos)

ISSN: 3072-7952
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# sigmoid def cosine(x,y, degree=3, gamma=0.01,coef®=0.0):
#print('x',x,"y",y)

sm=(x@y )/ (np.linalg.norm(x)*np.linalg.norm{y))
#DPlnt('XIJXJ'yIJy) if np.isnan(sm) or np.isinf(sm):

sm=8

def sigmoid(x,y, degree=3, gamma=@.01,coef0=0.0):

sm=np.tanh(gamma*x@y+coefd)
return sm

Figure 4. Encoding of kernel functions in phyton

Therefore, the activation functions of neural networks are designed to activate and represent particular
features in the data. In the cardiovascular risk prediction project, alternative kernel functions were designed
to capture specific patterns in clinical or health data related to cardiovascular risk factors, such as blood
pressure, weight, height, body mass index among others, once designed, these alternative Kernels would require
optimization and tuning based on specific data sets in this way it could be evaluated if these Kernels improve
the prediction and generalization capability compared to traditional Kernels in machine learning models.

To facilitate the codification of these kernel functions, figure 5, which illustrates the comparison algorithm

using data sets, was considered.

Configuraition

Y=db.splitFil
'X. dbSpll‘lED—|

|—> Xn,=Normalize(X)
ks[|l=GetKernels()

+ Y

ns[]=GetNormalizers() bp[J=BestParamHoldOut(ks,Xn,Y)

sClasificationProblem !'—l

CrosVal(ks,bp,Xn,Y) StiCrossVal(ks,bp,Xn,Y)

—P

Source: https://docplayer.es/192405564-Comparativo-de-kernels-sobre-prediccion-de-oferta-de-fuentes- alternativas-de-
energia.html
Figure 5. Algorithm implemented for kernel comparison

For db in Datasets

A manual configuration is performed. First, the input folder is defined, where the data to be inspected is
located. The output folder is where the results of the comparison are placed. In this case, the type of problem
to be processed is classification. Then, a vector of kernel functions and normalizers is obtained. We proceed
to the reading of the data located in the input directory, followed by the execution of the following activities:

e A partition of the data is performed respectively.

e The normalization of the data is performed, and the parameters where the respective Kernel
obtained a higher score or a lower error are identified.

e Avalidation is performed using these parameters. Since the problem is a classification problem, a
split cross-validation is employed. Once the tests are complete, the results are recorded in the results
folder.

This initial method provides a rough estimate of which Kernel function has the best performance, but to

obtain a more accurate approximation, hyperparameter tuning using advanced techniques is required, so the
following algorithm is established.
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List<model>
SelectBestModel
Fy
A
tuner.Fit(m,n,k) Hold00 (X.y)
A4
tuner ViewMetrics
F

StaticsCorrelate Select Tuner

Source: https://docplayer.es/192405564-Comparativo-de-kernels-sobre-prediccion-de-oferta-de-fuentes- alternativas-de-
energia.html
Figure 6. Exhaustive Algorithm for Model Searching

Figure 6 shows that first a cycle is executed to go through the database, extracting, transforming and
loading data, which are finally synthesized in a file where the statistics and correlation aspects are found, after
choosing a default tuner, configuring an evolutionary search engine (genetic algorithm), this tuner selects the
best configuration of parameters, the best ones are chosen and retrained.

Kernel functions coupled to SVM and ANN
Coupling with the Scikit-learn library

To carry out and fulfill the second objective of coupling new alternative Kernel functions in SVM and ANN
algorithms with the Scikit-learn library. The following was taken as a basis:

Random
SKLEARN e XOearch | | Pipeline NyOsTrear:'_
CONTEXT Bayesion
SvC SVR MLPC MLPR
EETEEQN KSVC KSVR KANNC KANNR
L -
nit it init init
CONTEXT/ |satbacam m&u ml%ﬁfm )
Gram Callable
Matrix ¥, Ll 3 F-jn:hons

Source: https://docplayer.es/192405564-Comparativo-de-kernels-sobre-prediccion-de-oferta-de-fuentes- energy-
alternatives.html
Figure 7. Coupling model Kernel functions in Scikit-learn

The Kernel trick is introduced in SVM for classification in the SVC class and further kernel functions are
provided with the KSVC class via the Gram matrix as shown in equations (1) and (2):

max: L{a) =2"a — " aayyk(xx) (1
1@ 3 i=1 i j ij ij

sa:Ytayi=00<a:<Ci=12.],n 2)
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A similar process is followed for the regression algorithm provided with the KSVR class whose formal
expression is shown in equations (3) and (4):

max:L(a) =2"a-—a*)y—€X(a-+a*)—"X" (a-—a*)a-—a+)k(x,x)(3)
1 i i 1 i 5 =1 i i i i i
s.a: Z’ll(a -—a)=00<(a-aNN=Ci=12,....n (4

T

For ANN, the Nystroem approximation using a basis transformation on the feature vector was used. Formally:

Zr = Wi.air-1+ bi(5)
N: = NyosTream(kf) (6)
X =N:=X (7)
a0 =X (8)
ar = f(Zyy (9)
¥ = predict(Xsatch * NtT) (10)

class KSVC(SVC):

def _ init_ (self, C=1.0, kernel="rbf', degree=2, gamma='auto',
coef@=0.0, shrinking=True, probability=False,
tol=le-3, cache_size=200, class_weight=None,
verbose=False, max_iter=-1, decision_function_shape='ovr',
random_state=None,a=2):

super().__init_ (

kernel=kernel, degree=degree, gamma=gamma,

coef@=coef®, tol=tol, C=C, shrinking=shrinking,
probability=probability, cache_size=cache_size,
class_weight=class_weight, verbose=verbose, max_iter=max_iter,
decision_function_shape=decision_function_shape,
random_state=random_state)

self.a=a
def fit(self, X, y, sample_weight=None):

if(self.kernel=="linear" or self.kernel== "poly" or self.kernel== "rbf"):
super().fit(X,y)
return self
else:

if(self.kernel=="mrbf"):
self.kernel=mrbf_kernel(degree=self.degree, gamma=self.gamma)
super().fit(X,y)
return self

if(self.kernel=="hyperbolic"):
self.kernel=hyperbolic_kernel(self.gamma,self.coef®)
super().fit(X,y)
return self

if(self.kernel=="triangle"):
self.kernel=triangle_kernel(self.gamma)
super().fit(X,y)
return self

if(self.kernel=="radial_basic"):
self.kernel=radial_basic_kernel(self.degree, self.gamma)
super().fit(X,y)
return self

Figure 8. Source code of coupling to Scikit-learn library
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if(self.kernel=="rquadratic"):

self.kernel=rquadratic_kernel(self.degree, self.gamma, self.coef®)

super().fit(X,y)

return self
if(self.kernel=="can"):

self.kernel=canberra_kernel(self.gamma)

super().fit(X,y)

return self
if(self.kernel=="tru"):

self.kernel=truncated_kernel(self.gamma)

super().fit(X,y)

return self
if(self.kernel=="chisq"):

self.kernel=additive_chi2_kernel

super().fit(X,y)

return self
if(self.kernel=="chi2"):

self.kernel=chi2_kernel

super().fit(X,y)

return self
if(self.kernel=="laplacian"):

self.kernel=laplacian_kernel

super().fit(X,y)

return self
if(self.kernel=="sigmoid")

self.kernel=sigmoid_kernel

super().fit(X,y)

return self
if(self.kernel=="cosine"):

self.kernel=cosine_similarity

super().fit(X,y)

return self

def set params(self, **parameters):
for parameter, value in parameters.items():
setattr(self, parameter, value)
return self

Figure 9. Source code for Scikit-learn library coupling

Obtaining Kernel functions (GetKernels procedure)
To obtain this procedure, the Gram matrix corresponding to the Kernel K function was constructed (figure
10) taking as Kernel the formulation of figure 10 and sending the corresponding parameters to each Kernel.

GetKeml(X.Y.K.p)l X=[x1,x2,....xn]
| ‘r:&y_l.ﬂ.‘ ..yn]

p=[p1.p2]

A pN S a———

gram_matridi,jj=K(x.y.p[0].p[1]

Source: https://docplayer.es/192405564-Comparativo-de-kernels-sobre-prediccion-de-oferta-de-fuentes- alternativas-de-
energia.html
Figure 10. Algorithm for obtaining kernel functions
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it would be enough to send as parameter to the learning algorithm (SVM,

laplacian(x, y, gamma, d)

sigmoid(x, y, gamma, d)

I

I

sm = abs(x — y).sum()

sm = taph (gamma. x@y + coef0)

- o
Qetm‘n exp. (—gamma.sm)

< returnsm

Figure 11. Example implementation of a kernel L laplacian (left), S sigmoid (right)

However, in most cases, these algorithms are designed to receive a function in their initializer (constructor)

and send the training data X, Y (return functions).

Validating the proper configuration of the Kernels

In order to achieve the third objective, which is to validate the most appropriate configuration for the
prevention of cardiovascular disease by comparing the relationship between error and time the results of each
experiment were recorded in a dataframe, for further analysis.

Description of the data
The database used for the development of the project was a dataset consisting of 70 000 patient data
records, contains 11 features plus target, and in turn consists of 3 types of entries:

Figure 12 shows the characteristics of the data.

Presion arterial sistolica

Presion arterial diastolica

Objective: factual information.
Examination: medical examination results.
Subjective: information given by the patient.

Caracteristica de objetivo afos
Caracteristica de objetivo Cm
Caracteristica de objetivo Kg
Caracteristica de objetivo Cadigo categorico
1: mujer
2: hombre
Funcién del examen Ap hi
Funcién del examen Ap lo
Funcion del examen 1: normal

2: por encima de lo normal
3: muy por encima de lo

normal

Funcion del examen 1: normal

https://doi.org/10.56294/ai2025172
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2: por encima de lo normal

3: muy por encima de lo

normal
Fumar Caracteristica subjetiva Si el paciente fuma 1: Si
2: No
Consumo de alcohol Caracteristica subjetiva Alco Binario
1: Si
2: No
Actividad fisica Caracteristica subjetiva Activo Binario
1: Si
2: No
Presencia 0  ausencia de Variable objetivo Cardio Binario
enfermedad cardiovascular Variable Objetivo

1: Presencia de ECV
2: Ausencia de ECV

Figure 12. Description of the data

Obtaining the best training parameters for SVM and ANN

In this phase, an exponential search method is used to explore the different parameter values associated
with a specific Kernel within a defined range. Subsequently, the data is divided into training and test sets, with
a sample size of 14,29 % reserved for the test set. Once this stage is completed, the model score is calculated
using the test data, thus identifying the best parameters and their corresponding optimal score.

Kernel function inspection results in SVM classification

The following figure presents the results of evaluating the functions in classification problems to determine
the adequacy of the Kernel functions. This analysis aims to validate the claim made by Mora, H., and Belanche,
L., that the tasks examined in this study can lead to improved results.

Figure 13 details the results of the validation through the division into training and test sets performed with
the SVM algorithm for classification, where several Kernel functions were evaluated. This process was carried
out using the previously mentioned data set and applying normalization and scaling techniques.

SCALER KERNEL  MEAN_TEST SCORE BEST PARAM
SScaler rquadratic 0.710 y: auto

coef0: 545.5594

C: 46.415
SScaler rbf 0.698 y: 0.0006

C: 2154.4346
SScaler tru 0.718 y: 0.0001

C: 1.0
SScaler can 0.717 y: 0.0006

C: 2154.4346
SScaler radial_basic 0.708 y: 0.0006

C: 2154.4346
SScaler triangle 0.712 y: 545.5594

C:46.4158
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SScaler

SScaler

SScaler

SScaler
MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

NMScaler

NMScaler

NMScaler

NMScaler

NMScaler

NMScaler

NMScaler
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hyperbolic

laplacian

sigmoid

cosine

rquadratic

rbf

tru

can

radial basic

triangle

hyperbolic

laplacian

sigmoid

cosine

rquadratic

rbf

tru

can

radial_basic

triangle

hyperbolic

0.703

0.718

0.601

0.708
0.706

0.696

0.718

0.717

0.703

0.704

0.692

0.716

0.658

0.715

0.716

0.717

0.702

0.701

0.722

0.71

0.54

y: 0.0006

C: 2154.4346
y: 0.0001

C: 1.0

y: 0.0001

C: 1.0

C: 46.4158
Y: auto
coef0: 11.2883
C: 2154.4346
y: 0.0006

C: 2154.4346
y: 0.0001

C: 1.0

y: 0.0006

C: 2154.4346
y: 0.0006

C: 2154.4346

y: 4.2813
C:12.9154
y: 0.0006

C: 2154.4346
y: 0.0001

C: 1.0

y: 4.2813

C: 12.9154
C: 2154.4346
y: auto
coef0: 0.2335
C: 7742.6368
y: 11.2883
C: 2154.4346
y: 0.0048
C:3.5938

y: 4.2813
C:12.9154
y: 11.2883
C: 2154.4346
y: 11.2883
C: 2154.4346
y: 0.2335

C: 7742.6368
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NMScaler  laplacian 0.703 y: 0.0006

C: 2154.4346
NMScaler = sigmoid 0.536 y: 0.2335

C: 7742.6368
NMScaler = cosine 0.718 C: 100000.0

Figure 13. General results for SVM

In figure 13, we have highlighted the Kernels that obtained the best score, along with the scaling comparator
and the corresponding Kernel.

This scaling comparator selects the best score from figure 13 and reevaluates it using cross-validation,
specifically the Kernel Truncated function. In general, excellent results were produced for this set, except for
the Hyperbolic Kernel. Therefore, we will visualize the outputs of the Normalizer Scaler and Standard Scaler
normalizers, as they produce better results in each Kernel.

Consequently, it can be observed that the parameter value reaches a maximum score; with this parameter,
a cross-validation using different metrics is performed. Figure 14 shows the parameters used for the next stage
of the algorithm.

KERNEL  SCALER BEST PARAM VALOR SCORE

rbf SScaler C 2154.4346 0.698
y 0.0006

Can SScaler C 2154.4346 0.717
y 0.0006

Tru SScaler C 1.0 0.718
y 0.0001

hyperbolic SScaler C 2154.4346 0.703
y 0.0006

triangle SScaler C 46.4158 0.712
y 545.5594

Radial basic SScaler C 2154.4346 0.708
y 0.0006

Rquadratic SScaler C 46.4158 0.710
Y auto

Coef0 545.5594

Laplacian SScaler C 1.0 0.718
y 0.0001

Sigmoid SScaler C 11.0 0.601
y 0.0001

Cosine SScaler C 46.4158 0.708

rquadratic NMScaler C 7742.6368 0.716
Y auto

Coef0 0.2335

bf NMScaler C 2154.4346 0.717
y 11.2883

tru NMScaler C 3.5938 0.702
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y 0.0048

can NMScaler c 129154 0.701
y 42813

radial basic NMScaler ® 2154.4346 0.722
y 11.2883

triangle NMScaler c 2154.4346 0.71
y 11.2883

hyperbolic NMScaler ® 7742.6368 0.54
y 0.2335

laplacian NMScaler c 2154.4346 0.703
y 0.0006

sigmoid NMScaler ® 7742.6368 0.536
y 0.2335

Cosine SScaler c 100000.0 0.708

Figure 14. Best parameters configured for the Kernel functions in SVM

Classification of the results

The final results of the Kernel, after configuring the best parameters described above, are summarized in
figure 15, where the Kernel and the Accuracy metric are shown. This metric indicates the proportion of correct
predictions made by the model compared to the total predictions, thus validating what was stated by the
experts Mora.H., and Belanche.L., in which it is affirmed that the functions to be considered in the present
study can obtain better results for the Support Vector Machines, thus culminating the first experimental phase.

Kernel Exactitud (Accuracy)
rbf 0.58
can 0.725
tru 0.71

hyperbolic 0.445

triangle 0.61

radial basic 0.685
Rquadratic 0.605
Laplacian 0.575
Sigmoid 0.445
Cosine 0.705

Figure 15. Final results for SVM

As shown in figure 15, the Canberra Kernel achieved the highest accuracy for this dataset, with an average
accuracy of 72 %.

Inspection results of Kernel functions in ANN classification

In figure 16, the results of evaluating the tasks in classification problems for ANN are presented to determine
the adequacy of the Kernel functions. This analysis aims to validate the statement by experts Mora, H., and
Belanche, L., who suggest that the functions to be considered worsen the results for ANN.

Presents the results of the validation, which was performed by dividing the data into training and test sets
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using the ANN algorithm for classification, with several Kernel functions evaluated. This process was carried out

using the previously mentioned data set and applying normalization and scaling techniques.

SCALER
SScaler

SScaler

SScaler

SScaler

SScaler

SScaler

SScaler

SScaler

SScaler

SScaler

MMScaler

MDMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

MMScaler

NMScaler

NMScaler
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KERNEL

rquadratic

rbf

can

radial_basic

triangle

hyperbolic

laplacian

sigmoid

cosine

rquadratic

rbf

can

radial basic

triangle

hyperbolic

laplacian

sigmoid

cosine

rquadratic

rbf

MEAN_TEST_SCORE
0.684

0.703

0.702

0.712

0.716

0.704

0.688

0.703

0.703

0.704

0.661

0.658

0.712

0.73

0.711

0.636

0.622

0.688

0.618

0.618

0.528

0.7

BEST_PARAM
Y: auto
coef0: 4.2813
C: 12.9154

y: 0.2335
C: 7742.6368
y: 0.2335
C: 7742.6368
y: 0.2335
C: 7742.6368

4.2813
:12.9154
4.2813
:12.9154
4.2813
:12.9154
0.2335
1 7742.6368
545.5594
:46.4158
: 1.0

T oY Y a o ax

auto
coef0: 0.0018
C: 3.5938

y: 11.2883
C: 2154.4346
y: 0.2335

C: 7742.6368
y: 2069138
C: 3.5938

y: 4.2813

C: 129154
y: 4.2813

C: 129154
y: 4.2813

C: 129154
y: 0.2335

C: 7742.6368
y: 0.0048

C: 3.5938

C: 100000.0
y: auto
coetD: 545.5594
C: 46.4158
y: 3792.6901
C: 27825.5940
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NMScaler

NMScaler

NMScaler

NMScaler

NMScaler

NMScaler

NMScaler

NMScaler

tru

can

radial basic

triangle

hyperbolic

laplacian

sigmoid

cosine

0.681

0.687

0.643

0.711

0.522

0.703

0.522

0.528

y: 0.0048
C:3.5938

y: 4.2813

C: 129154

y: 3792.6901
C: 27825.5940
y: 0.0048
C:3.5938

y: 0.0006

C: 2154.4346
y: 545.5594
C:46.4158

y: 0.0006

C: 2154.4346
C: 27825.5940

Figure 16. General results for ANN
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In figure 17, we have highlighted the Kernel that obtained the best score, along with the scaling comparator

and the corresponding Kernel.

This comparator selects the best score from figure 17 and reevaluates it using cross-validation, specifically
the Kernel Radial Basis function in this case. In general, for this set, the results were not very good, except
for the mentioned Kernel. Therefore, only the outputs of the Standard Scaler will be displayed, as it produces

better results for each Kernel.

Therefore, it can be noted that the value of the parameter reaches a maximum score; with this parameter,
a cross-validation with different metrics is performed. TABLE VI shows the parameters used for the input for

the next stage of the algorithm.
KERNEL

rquadratic

rbf

can
radial_basic
triangle
hyperbolic
laplacian
sigmoid

cosine

Figure 17. Best configured parameters for the Kernel functions in ANN
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BEST_PARAM

VALOR
12.9154
auto
4.2813
7742.6368
0.2335

7742.6368
0.2335
7742.6368
0.2335
12.9154
4.2813
12.9154
4.2813
12.9154
4.2813
7742.6368
0.2335
46.4158
545.5594
1.0

SCORE
0.684

0.703

0.702

0.712

0.716

0.704

0.688

0.703

0.703

0.704
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Classification of the results

The final results of the Kernel after configuration of the best parameters described above are summarized
in figure 18, where the Kernel and the Accuracy metric are shown. This metric indicates the proportion of
correct predictions made by the model compared to the total predictions, thus validating what was stated by
the experts Mora.H., and Belanche.L., in which it is affirmed that the functions to be considered in the present
study can obtain better results for the Support Vector Machines, but not for the artificial neural networks, thus
culminating the first experimental phase.

Kernel Exactitud (Accuracy)
rbf 0.445
can 0.695
tru 0.67
hyperbolic 0.445
triangle 0.445
radial basic 0.645
Rquadratic 0.445
Laplacian 0.445
Sigmoid 0.445
Cosine 0.445

Figure 18. Final results for ANN

As shown in the table above, the Canberra Kernel achieved the highest accuracy for this dataset, with an
average accuracy of 69 %.

Once the experimental results for both SVM and ANN were obtained, the model was created with the Kernel
that had the best Score. In this case, and for these data, it is more favorable to use classification algorithms
based on SVM, given its performance.

Develop a web application for early warning signs of cardiovascular diseases using a predictive model.

Construction of the software tool

Since there may be users who do not have programming skills and therefore cannot use the model to evaluate
the Kernels, a tool has been developed to provide an interactive and easy to use environment to perform the
evaluation of new Kernels inspired by the methodology and through this, an assessment of cardiovascular risk
can be made and an early warning can be obtained.

The methodology that was implemented throughout the development of the research and the objectives is
the CRISP-DM methodology, it was not necessary an additional methodology to develop the software because
this is perfectly part of the deployment stage, since the application is only going to consume the model and
show the simple interface to the end user, for it was developed several activities presented below.

Architecture

User interaction: the user interacts with the interface, built with HTML and Bootstrap, by entering data in
a form.

JavaScript validation: before submitting the form, JavaScript validates the data entered. Form submission:
once the data is validated, the form is submitted to the backend using the form’s action attribute.

Flask processing
e Flask receives the request and extracts the data.
e Flask sends this data to the Al model for processing.
Al model: Al model processes the data and returns the results to Flask.
Response to the frontend

e Flask takes the results from the Al model and creates an HTTP response.
e This response is sent back to the frontend.
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Display results: the browser receives the HTML template with the processed results and displays them to
the user.

Architectural diagram

( Frontend
g
| Interfaz Usuario |

+

HTHL h
HTML + CSS ( Bootstrap,
JavaScript (Formulario con

validaciones) 1 i

Validacion en|JavaScript

Solicitud HTTP (Datos|de entrada validados)
(‘Backend | ﬂ
mR
Flask ) ( Flask
E ! ’ :
" Rutas y controladores )
Llamada al modelo (Datos|de entrada validados)
% “odelo de 1A )
: ! §
[ Procesamiento de datos )
Respuesta del modelci(l)atos procesados)
" Flask )

: ¥ :
Respuesta HTTP )

Respuesta HﬁPl(Dmns procesados)

{ Frontend )
; -

Usuario Interfaz

.

( Mostrar datos pmwsados-'_

Figure 19. Architectural diagram

Model creation

At this stage, the predictive model is constructed using supervised learning techniques, specifically a Support
Vector Machine (SVM) algorithm with a truncated kernel. Appropriate modeling techniques are selected for this
case based on the characteristics of the data and the problem’s requirements. As mentioned earlier, a Support
Vector Machine (SVM) model is chosen because of its ability to handle both linear and nonlinear data sets, as
well as its effectiveness in classification problems. Furthermore, by enabling probability (probability=True), the
model provides probability estimates for predictions, which is helpful in risk assessment, as it is in our case.

Scenario abstraction

Within the framework of this project focused on cardiovascular risk, the health focus setting is set on the
identification, prevention, and management of cardiovascular disease. This research setting applies to the
entire population, such as individuals with risk factors, people with a history of cardiovascular disease, and
those who could benefit from preventive interventions and who do not have cardiovascular disease. In addition,
the quality of medical care, the availability of monitoring technologies, and the barriers people face in the
early detection and prevention of cardiovascular events are considered. The goal is to enhance cardiovascular
health by utilizing artificial intelligence models and data analysis for the early detection and implementation
of preventive strategies.
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Visualization of instructions

In this helpful section, descriptions are provided to facilitate a better understanding of the web application

and its functions.

Analysis: functional requirements for the visualization of instructions

La aplicacion web debe mostrar al usuario las instrucciones

de uso del formulario y su entorno virtual.

RF-01 Visualizar instrucciones

Version: 1.0 (01-04-2024)

Autores: Michael Rafael Rodriguez Rodriguez
Claudia Alejandra Delgado Calpa

Descripcion:

Importancia: Esencial

Urgencia: Inmediata

Estabilidad: Alta

Estado: Implementado

Comentarios: Ninguno

Development
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Figure 20. Functional requirement RF-01

Instrucciones
para el uso del
aplicativo

1. Sobre CRK

CardioRiskMeter:

Esta aplicacién contiene un  modelo
entrenado  con el mejor kemel que
permite la identificacion del riesgo
cardiovascular identificando a su vez
aquelios factores de riesgo
predominantes logrando brindar alertas

tempranas.

2. Instrucciones para el uso
de la aplicacién:

En el primer médulo se encuentra un
formulario con varios ftems de los cuales
estdn disponibles para recolectar la
informacién que ud proporcione. ¢S
importante recordar que debe contar con
resultados previos de glucosa en ayuno y

Ruta de Atencion Clinica:

La Ruta de Atencion Clinica es
fundamental para la implementacién
efectiva de la Iniciativa
CRK(CardioRiskMeter), mejorando la
gestién  clinica y autoconocimiento.
Ademas, capacita al usuario y a su familia
al educarlos sobre el manejo completo de
los factores de riesgo cardiovascular. Esta
aplicacién abarca la ruta de atencién
clinica para el manejo integral del riesgo
cardiovascular.

3. Acerca de
CRK(CardioRiskMeter):

RCK- es una iniciativa que surge de un
proyecto de grado dirigida a fortalecer los
sistemas de atencién primaria de salud. Su
enfoque se centra en mejorar la
prevencién 'y el control de las
enfermedades cardiovasculares y sus
factores de riesgo. Esta iniciativa tiene
como meta fomentar un proceso de
mejora continua en la calidad de atencién.
Esto se logra mediante un mejor control
de la hipertensién y la implementacién de
un enfoque .integral en el manejo del
riesgo cardiovascular.

Evaluacion del riesgo
cardiovascular:

La evaluacion del riesgo cardiovascular
comienza por la identificacion de esos
datos proporcionados. Estas indagan
sobre: . Ingresar el género, la edad,
tabaquismo, actividad fisica, presencia o
ausencia de  alguna  enfermedad
cardiovascular, peso, altura, los valores de
colesterol total y presion arterial sistolica y
diastdlica, glucosa de ayuno. El dato de
riesgo cardiovascular serd un porcentaje
visible mediante un diagrama de barras
que indicara la presencia del riesgo de
padecer alguna enfermedad
cardiovascular.

Meodificacion del riesgo
corrigiendo factores:

Una vez obtenida la estimacion de riesgo,
se desplegaran unas alertas tempranas
que nos. permiten identificar el factor de
riesgo que se ve alterado, para que se
pueda acudir algin especialista_en la
salud para que aborde ese factor de
riesgo. Se considera 6ptimo evitar fumar,

4: Uso:

En’ ninguna circunstancia esta aplicacion
pretende sustituir la consulta con un
profesional de la salud ni su criterio
clinico. Su objetivo es proporcionar un
apoyo al @ diagnéstico ~médico, una

" herramienta para evaluar rapidamente el
riesgo  cardiovascular y facilitar la
comunicacion con los usuarios sobre las
posibles modificaciones. Ademads, busca
asistir a las personas preocupadas por su
salud, ayudandoles a determinar cuando
es necesario buscar atencién médica si su
riesgo no es bajo. Las recomendaciones
en habitos de vida saludables estan
descritas a nivel de informacién y no
deben ser utilizadas como gufa sin la
supervisién de un personal de salud, ya
que esto podria resultar peligroso.

Contacto

Figure 21. Instructions
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The tool has clear and concise instructions to guide the user through the data entry and results visualization
process. These instructions are easy to understand because it generates measurement examples and is available
in a format accessible to all users.

Data selection

The web application implements a form that allows collecting the relevant data for cardiovascular disease
prediction.

Analysis: functional Requirements for Cardiovascular Risk Assessment

RF-02 Ingresar los datos
Version: 1.0 (01-04-2024)
Autores: Michael Rafael Rodriguez Rodriguez

Claudia Alejandra Delgado Calpa
Descripcion: La aplicacion web debe permitir recolectar los datos de

aquellos factores de riesgo incluidas en las medidas

antropométricas
Importancia: Esencial
Urgencia: Inmediata
Estabilidad: Alta
Estado: Implementado
Comentarios: Ninguno

Figure 22. Functional requirement RF-02

Development
The web application has an interactive form that allows the user to enter anthropometric data and
cardiovascular risk factors. These data are necessary for an accurate assessment of cardiovascular disease risk.

&j: 80
CRK 2
Cholesterol: Instrucciones
) 85
Lv’ Escriba su resultado de colesterol total s
=L (=03

Age: Glucose:

Escriba su edad escriba su resultado de glucosa de ayuno
Gender: Smoke:

Seleccione su Género ! Seleccionar W
Height: Alcohol:

Escriba su estatura en cm, e 160 Seleccionar w
Weight. Active:

Escriba su peso en kg Seleccionar 0
Systolic Pressure (ap_hi): . .

Se debe disponer de un tensiémetro para

ej: 120 medir la presion arterial, sino se cuenta

: T con los valores, puedes ayudarte con este
Diastolic Pressure (ap_lo): § . P W " i

video para realizar la medicién. Video

&j: B0 informativo

Cholesteral:

Escriba su resultado de colesterol total
Glucose:
escriba su resultado de glucosa de ayuno

Smoke:

Seleccionar -

Alcohol:

Figure 23. Data form
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Cardiovascular Risk (CVR) Visualization

At this stage the user will be able to visualize the results obtained by completing the form and the percentage
of suffering from a cardiovascular disease (CVD).

Analysis: functional requirements for the visualization of CVD

RF-03 Visualizar el porcentaje de RCV
Version: 1.0 (01-04-2023)
Autores: Michael Rafael Rodriguez Rodriguez

Claudia Alejandra Delgado Calpa
Descripcion: La aplicacion web debe indicar al usuario el riesgo de

presentar alguna ECV con su porcentaje.

Importancia: Esencial
Urgencia: Inmediata
Estabilidad: Alta

Estado: Implementado
Comentarios: Ninguno

Figure 24. Functional requirement RF-03

Development

In this case, the data collected from the form is evaluated, and the percentage of risk of suffering from CVD
is visualized. The result can also be visualized through a graph.

For this purpose, an advanced model was developed to evaluate the risk of cardiovascular diseases, using a
database of 10 000 user records. This model was trained with a binary approach, where a score of 1 indicates
the presence of risk and a score of 0 indicates the absence of risk. During the training process, the model
learned to identify patterns and risk factors associated with cardiovascular disease using the provided data.

The model’s operation is based on generating a risk percentage. If this percentage exceeds the 50 % threshold,
the model classifies the individual as being at risk for cardiovascular disease. Conversely, if the rate is less than
50 %, the model determines that the individual is not at risk. This method allows a clear and direct assessment
of cardiovascular risk, facilitating informed decision-making about the user’s health.

0.7 1

0.6 A
0.5
0.4
0.3 4
0.2 4

0.1 A

0.0 -

Riesgo no ECV Riesgo ECV

Hemos entrenado un modelo con inteligencia
artificial, para evaluar el riesgo de
enfermedades cardiovasculares. Seguin este
modelo, un riesgo del 50%, o mas indica la
presencia de riesgo, mientras que un riesgo
por debajo del 50%, indica ausencia de riesgo.
En su caso, el modelo muestra un 0.29%, de
riesgo de padecer una enfermedad
cardiovascular y un 0.71%, de no padecerla

Figure 25. CVR percentage
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Interpretation of risk factors generating early warnings
This section is oriented to evaluate each risk factor, allowing to generate an early warning with useful
assessment information.

Analysis: Functional requirements for the visualization of early warnings

RF-04 Visualizar de alertas tempranas
Version: 1.0 (01-04-2023)
Autores: Michael Rafael Rodriguez Rodriguez

Claudia Alejandra Delgado Calpa
Descripcion: La aplicacion web debe permitir la visualizacion de las alertas
presentadas en cada factor de riesgo, con recomendaciones

utiles para su implementacion.

Importancia: Esencial
Urgencia: Inmediata
Estabilidad: Alta

Estado: Implementado
Comentarios: Ninguno

Figure 26. Functional requirement RF-04

Development
Early alerts are generated when there are altered form variables that allow in a certain way to generate
these alerts with useful recommendations for the users.

Presion * Su IMC es b4
arterial I 40.0, lo T
Mormal, se que ‘m
recomienda indica
continuar que su
con habitos I peso esta
de vida ! enla
saludable categoria

s 7 de

Obesidad,

o7

0.6

0.5

Usted se 4
encuentra

en un

nivel

normal

de azucar Nivel de b4
en la Colesterol
sangre normal

Figure 27. Early alerts
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Practical indications for a healthy lifestyle
This module contains practical advice adapted from expert recommendations for a healthy lifestyle.

Analysis: Functional requirements of practical tips

RF-05
Version:

Autores:

Descripcion:

Importancia:

Urgencia:
Estabilidad:
Estado:

Comentarios.

Development

Modulo de sugerencias practicas
1.0 (01-04-2023)
Michael Rafael Rodriguez Rodriguez

Claudia Alejandra Delgado Calpa

La aplicacion web debe proporcionar indicaciones practicas
para la prevencion de ECV

Esencial

Inmediata

Alta

Implementado

Ninguno

Figure 28. Functional requirement RF-05

The Practical Indications module aims to provide users with detailed information and practical advice on
how to adopt and maintain a healthy lifestyle. This includes recommendations on nutrition, physical activity,
rest, stress management, abandonment of harmful habits such as smoking and excessive alcohol consumption,
as well as general guidelines for disease prevention and promotion of general well-being.

CRK

Instrucciones

Consejos utiles
para mantener
una dieta
Saludable.

Una alimentacion saludable se basa en

EFECTOS SORRE L Oldantand

una dieta equilibrada y wvariada. Esto Contacto

significa que debemos consumir Correo electronico:

alimentos de todos los grupos principales mrrodriguez.67§ unicesmag.edu.co,
en las cantidades adecuadas. La OMS cadelgado.9770@unicesmag.edu.co

recomienda que nuestra dieta diaria esté

compuesta principalmente por:

* Frutas y verduras.

base de nuestra dieta, ya que son

Teléfono: 3219671739, 3157155716

Siguenos

Estos alimentos deben formar la :

ricos en vitaminas, minerales y fibra
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Figure 29. Recommendations
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Non-functional requirements

Since the application is useful to run in different scenarios, it is important to have a good execution process
with a visible graphic interface, preventing it from not adapting to the device and generating a bad user
experience.

RNF-01 Usabilidad

Version: 1.0 (01-04-2023)

Autores: Michael Rafael Rodriguez Rodriguez
Claudia Alejandra Delgado Calpa

Descripcion: La aplicacion debe permitir ser ejecutada en distintos
dispositivos.

Importancia: Esencial

Urgencia: Inmediata

Estabilidad: Alta

Estado: Implementado

Comentarios: Ninguno

Figure 30. Non-functional requirement RNF-01

RNF-02 Eficiencia
Version: 1.0 (01-04-2023)
Autores: Michael Rafael Rodriguez Rodriguez

Claudia Alejandra Delgado Calpa
Descripcion: La aplicacion debe tener tiempos de ejecucion en el calculo de

RCYV no mayor a 5 segundos en promedio.

Importancia: Esencial
Urgencia: Inmediata
Estabilidad.: Alta

Estado: Implementado
Comentarios: Ninguno

Figure 31. Non-functional requirement RNF-02

Analysis of results

In this section different trainings were carried out with various amount of data, the trainings performed
were a fundamental part of the research, since it is known that there is not a kernel superior to the others, but
each one has its virtues and behaviors depending on the data set to which it is being applied and its use with
any machine learning algorithm, it is essential to highlight that for this case a classification algorithm was used.
Following this, the model was created using the Kernel that obtained the best accuracy, and it was applied
to the set of data mentioned in Table IV. Finally, the evaluation was performed with the model and the best
parameters as described in TABLE VI.

In the analysis of the data obtained during the experimentation, metrics were used to measure the time
required to provide results. For this purpose, Training Time was employed, which measures the total time
needed to train the model from the beginning until it is completed. It includes the time required to process
the data, adjust the model parameters and perform the necessary iterations, it was observed that the artificial
neural networks (ANN) took less time than the support vector machines (SVM), for all Kernel, due to the
Nystroem approximation, providing the results as shown in figure 32 and figure 33.

Therefore, it is essential to highlight the coupling of the models mentioned in figure 7 to the Scikit-learn
library. This allowed for saving time in the construction of the hyperparameter search algorithms, thereby
contributing to the software community through the development of models based on Kernel functions.
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start_time = time.time()

annc=KANNC (kernel="can',gamma=206.913808111479,random_state=0)
modelo_predic2 = annc.fit(Xtrain, ytrain)

end_time = time.time()
training time = end time - start time

print('clfk’',annc.score(Xtest,ytest))
print(f'Tiempo de entrenamiento: {training_time:.2f} segundos"')

clfk ©.69
Tiempo de entrenamiento: 3.67 segundos

Figure 32. ANN time

start_time = time.time()

svc=KSVC(kernel="can', gamma=0.0006951927961775605,C=2154.4346,probability=True)
modelo_predic2 = svc.fit(Xtrain, ytrain)

end_time = time.time()
training_time = end_time - start_time

print(‘'cmlfc',svc.score(Xtest,ytest))
print(f'Tiempo de entrenamiento: {training_time:.2f} segundos')

cmlfe ©.725
Tiempo de entrenamiento: 11.65 segundos

Figure 33. SVM time

According to the experts, Mora, H., and Belanche, L., Kernel functions such as the Canberra and Truncated
functions. Additionally, Cosine provide better results than RBF for certain types of data, confirming this
hypothesis as far as this research is concerned and to verify what was stated by the experts, the results can be
observed in figure 3, where the creation of these new kernels stand out for obtaining better results for SVM,
than, for ANN, and independent of the configuration of the best parameters, proving that the Canberra kernel
obtained 72 % of performance proving to be the most efficient option, in front of other Kernels, which can be
visualized in figure 3.

From this experimentation, it can be highlighted that, depending on the configuration of the parameters, it
is possible to approach and achieve better results through several comparisons, including those of more scalable
Kernels, algorithms, and scaling transformers. In the case of ANNs, the comparison of scaling transformers in
the Standard Scaler with the Canberra Kernel showed a performance of 71 % with the Radial Basis Kernel, and
72 % with the Canberra Kernel. For the Migmag Scaler, a percentage of 73 % was obtained with the Canberra
Kernel. With the Normalizer Scaler, a rate of 71 % was obtained using the Triangular Kernel.

For the SVMs, the performance with the Standard Scaler and the Truncated Kernel was 71 %, while with
the Migmag Scaler and the Truncated Kernel, it was also 71 %. With the Normalizer Scaler transformer and the
Radial Basis Kernel, the performance was 72 %. A similarity in percentages was observed in these configurations,
as shown in figure 3. However, in the SVMs, the Canberra Kernel proved to be the most efficient option.

Thus, it is concluded that ANNs showed a performance of less than 50 %, while SVMs exceeded 70 %. This
suggests that SVM-based classification algorithms are more favorable.

One of the characteristics of the Kernels that allowed this conclusion was the study of the accuracy in
Support Vector Machines where it is shown in figure 3, each Kernel with its accuracy observing that a model with
accuracy values higher than 50 % is classified as acceptable which allows the development of a good model,
and worsen for ANN because, each Kernel with its accuracy shows values that are below 50 % for the most part,
therefore a model with less than 50 % accuracy is considered inferior meaning that the model is predicting
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incorrectly more than half of the time.

Within the framework of this project, which focuses on comparing kernel functions in SVM and ANN for
cardiovascular risk prediction, we recognize the need for such a model to be deployed through an application.
To this end, this research environment encompasses populations such as individuals with risk factors, people
with a history of cardiovascular disease, and those who could benefit from preventive interventions without
suffering from cardiovascular disease. In addition, it considers the quality of medical care, the availability of
monitoring technologies, and the barriers people face in the early detection and prevention of cardiovascular
events. The goal is to enhance cardiovascular health by utilizing artificial intelligence models and data analysis
for the early detection and implementation of preventive strategies.

The graphical tool developed in this project is based on interactive visualization of data related to
cardiovascular risk. This tool was implemented using advanced data visualization technologies, such as Python,
which integrates with artificial intelligence models that process and analyze clinical data from various sources.
The implementation included the following stages:

1. Data were collected from different sources. These data were preprocessed to ensure quality and
consistency.

2. Using Machine Learning techniques, a predictive model was developed to assess users’ cardiovascular
risk. These models were trained and validated using relevant data sets.

3. The graphical tool was integrated with the predictive model to enable intuitive visualization of
the results. Interactive modules were developed to allow users to explore the data and gain a deeper
understanding of the risk factors and model predictions.

The graphical visualization of the data enables healthcare professionals to make informed decisions based
on a clear understanding of individual and collective risks, thereby supporting medical diagnosis. This is
particularly useful for identifying patterns and trends that are not easily discernible through tabular data; in
turn, the tool helps identify individuals at high risk of developing cardiovascular disease before obvious clinical
symptoms are present. This facilitates the implementation of preventive and early intervention strategies,
improving long-term health outcomes.

The graphical interface is designed to be intuitive and accessible, even for users with little experience in
data analysis. This enables users and healthcare professionals to understand better the information presented
and make informed, data-driven decisions. Additionally, it serves as an educational tool that clearly illustrates
the effects of various risk factors and the benefits of preventive interventions.

CONCLUSIONS

The proposed experimental scenario allowed to confirm what was postulated by the experts Mora.H., and
Belanche.L., and to validate the research project that the main kernel features investigated fit and behave better
to the type of data provided for Support Vector Machines (SVM) and worse for Artificial Neural Networks (ANN).

The coupling of the kernel functions to the Scikit-Learn library facilitates a close relationship with developed
algorithms, thereby contributing to the open-source community and academic research. This serves as a
reference point for building models that integrate with this widely used library.

Visualizing the results of the experiments allowed us to evaluate the performance of each kernel objectively.
This allowed us to identify the optimal parameters for the support vector machines, utilizing scaling normalizers
such as the Standard Scaler and Kernel Truncated, for the classification of cardiovascular risk data, achieving a
good balance between processing time and accuracy.

Finally, the development of the tool enabled the model to be graphically displayed, facilitating the learning
of how to implement dynamic graphical user interfaces in Python, as well as the use of available data analysis
libraries.

The developed tool is easily scalable, and its use is recommended to implement new models and functions.
Additionally, it is crucial to create new visualization applications that aid in predicting cardiovascular diseases.

Since the research includes a comparison of kernel functions in both Support Vector Machines (SVM)
and Artificial Neural Networks (ANN), where it was necessary to deepen in the theory of metrics used and
mathematics, it is considered essential to promote among students the importance of understanding the
fundamentals of these principles to address the basis of any research topic.

Finally, it is recommended to delve deeper into comparative studies of kernel functions coupled with other
Machine Learning algorithms for classification or linear regression in cardiovascular disease prediction, to
determine which algorithm works better with Kernels in these datasets.
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