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abstract

Article Info The world's high death rate from heart disease requires early prevention by
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Accepted, 20 June 2021 Makes it possible to predict the risk of developing heart disease by examining
certain values at a low cost. This study will contribute to the development of a
combination of Logistic Regression and SVM models that integrate SVM and
Logistic Regression algorithms by implementing selection features using hybrid
PSO and GA methods. The combination concept of Logistic Regression SVM
(LRSVM) applied to this study is to reduce the risk of SVM output errors by
interpreting and modifying the output of SVM classifiers by the results of Logistic
Regression analysis. The test results showed that LRSVM with pso-GA hybrid-
based selection feature achieved better performance for coronary heart disease
classification with 99.66% accuracy compared to classification accuracy with
SVM algorithm without selection feature.
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1. Introduction

World Health Organization (WHO) data in 2012 showed 17.5 million people (31%) population
dies from heart disease and that number will continue to increase. Meanwhile, data from The Institute
for Health Metrics and Evaluation (IHME) in 2016 showed 17.7 million people (32.26%) people in
the world died of heart disease. More than 3 million such deaths are under the age of 60 that are likely
to be prevented early. A survey from the Sample Registration System in 2014 in Indonesia showed
coronary heart disease was in the first place. For early prevention, some tests such as echocardiograms,
nuclear scans, electrocardiograms (ECG), angiography, and stress tests are widely used by medical
doctors to diagnose coronary heart disease. However, it requires expertise, risks for patients, costs are
expensive and time-consuming (Kolukisa et al., 2019).

Bashir et al. (2019) does not specifically describe the specific algorithms used in feature
selection (independent variables) nor does it specifically indicate the Logistic Regression (SVM)
model mechanism as the best classification model. This research will contribute to the development
of a Logistic Regression (SVM) model that integrates SVM and Logistic Regression algorithms by
implementing selection features using hybrid PSO and GA methods. The concept of Logistic
Regression (SVM) that will be applied to this study is to reduce the risk of SVM output errors by
interpreting and modifying the output of SVM classifiers by the results of logistic regression analysis.
That is, SVM class prediction depends on the result of logistic regression, i.e. if the result of logistic
regression supports SVM output with high probability, then the SVM output does not change.
Conversely, if the result of a logistic regression does not support SVM output with a low probability,
the model changes the output of the SVM classifier.

Hybrid PSO and GA have been studied by Ali &Tauhid (2017) in the issue of
optimization that minimizes the function of molecular energy. Their research studied the
application of hybrid PSO and GA (HPSOGA) as metaheuristic algorithms due to the
simplicity of PSO algorithms that are easy to implement, and require only a small number
ofuser-defined parameters, but the drawbacks are inseparable from early convergence. GA is

INFOKUM is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License
(CC BY-NC 4.0)
204


http://infor.seaninstitute.org/index.php/infokum/index
mailto:3andri@mikroskil.ac.id

v DEAN [N STITUTE
http://infor.seaninstitute.org/index.php/infokum/index
JURNAL INFOKUM, Volume 9, No. 2, Juni 2021 ISSN : 2302-9706

used to help PSOs regardless of early convergence. This study also contributed to the
development of hybrid PSO and GA models by implementing 3 mechanisms. In the first
mechanism, the PSO algorithm particle pool is applied with its strong performance with
exploration and exploitation processes. The second mechanism is based on reducing the
features and processes of population partitioning by dividing the population into sub-
populations and implementing GA arithmetic operators i.e. crossovers on each subpopulation.
Crossover implementation is expected to increase the search variation of the PSO algorithm.
The third mechanism is to avoid early convergence by applying mutation operators of genetic
algorithms throughout the population. The combination of these three mechanisms is expected
to speed up the search and help the algorithm to achieve or approach the optimal solution in a
reasonable time, where the results obtained help doctors to predict coronary heart disease with
higher accuracy and make the right decisions.

2. Method
2.1 Data Mining

Data Mining is an implicit, previously unknown, and potentially useful extraction of
information from data. The idea is to build a computer program that filters through the database
automatically, looking for regularity or patterns. A strong pattern, if found, is likely to generalize to
make accurate predictions on future data. Anything found will be imprecise: There will be exceptions
for every rule and cases not covered by any rule. The algorithm must be powerful enough to cope with
imperfect data and extract improper but useful regularity (lan &Eibe 2005).

Data mining is the extraction of implicit, previously unknown, and potentially useful information
from data. The idea is to build a computer program that sifts through the database automatically, looking
for regularities or patterns. Strong patterns, if found, are likely to generalize to make accurate
predictions on future data. Anything found will be inappropriate: There will be exceptions to every rule
and cases are not covered by any rule. Algorithms must be robust enough to overcome imperfect data
and extract imprecise but useful regularities (lan &Eibe 2005).

2.2 Classification

Classification is one of the Data Mining techniques used to analyze a given dataset and retrieve
each instance of it and assign this instance to a specific class so that the misclassification will be the
least. This classification is used to extract models that accurately define important data classes in a
given dataset. There are 2 stages in the classification process, the first step of the model is made by
applying the classification algorithm to the training data set, and in the second step, the extracted model
is tested against a predetermined test dataset to measure the performance and accuracy of the model
trained by the model. So classification is the process of assigning class labels from datasets whose class
labels are unknown (Nikam, Orient. A. Comp. Sci. &Technol,2015).
2.3 Logistics Regression

Logistic Regression is one of the machine learning techniques to classify records from
datasets. Logistic Regression is an approach to create a prediction model as well as linear
regression or commonly referred to as Ordinary Least Squares (OLS) Regression. The
difference is that in logistic regression, researchers predict bound variables that scale
dichotomy. The dichotomy scale in question is the nominal data scale with two categories, for
example: Yes and No, Good and Bad, or High and Low (Virgeniya &Ramaraj, 2019).
2.4 Regression Analysis

Regression analysis is one of the analyses that aims to determine the influence of a variable on
other variables. The simplest regression model is a simple linear regression model with the form of an
equation:

Y=0+BX+s 1)

where:
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Y = bound variable (predicted value)
X = free variable
Bo = constant
B1 = regression coefficient (increase or decrease value)
¢ = Random error.
2.5 Binary Logistics Regression Analysis

Logistic Regression is a statistical analysis method to describe the relationship between bound
variables that have two or more categories with one or more category-scale or continuous free changes.
The logistics regression can be divided into binary logistics regression, multinomial logistics regression,
and ordinal logistics regression. The binary logistics regression model is used to analyze the relationship
between one response variable and several predictor variables, with the response variable being a
qualitative dichotomy data that is worth 1 to state the existence of a characteristic and worth 0 to express
the absence of a characteristic. A binary logistics regression model is used if the response variable
returns two categories of values 0 and 1, thus following Bernoulli's distribution as follows:

f(}’ij = H,-}-[ (1— T; )1_}-[ (2)
where:
7i = chance of the 1st occurrence
yi = i-i random modifier consisting of 0 and 1
The form of a logistic regression model with one predictor variable is:
m(x) = [Tt 3)

1+exp (Fa+8,x)
To make it easier to estimate the regression parameters, the 7(X) in the equation above is transformed
to produce a logit form of logit regression logistics, as follows:

g(x) =IR[%] =By + Bx 4)

2.6 Genetic Algorithms

The genetics algorithm was first invented by JohnHolland, it can be seen in his book Adaption in
Natural and Artificial Systems in the 1960s and then developed with his students and co-workers at the
University of Michigan in the 1960s to 1970s. Holland's goal in developing Genetic Algorithms at that
time was not to design an algorithm that could solve a problem, but rather to study the phenomenon of
adaptation in nature and try to apply the mechanism of natural adaptation into computer systems.
Genetic Algorithm as a branch of Evolution Algorithm is a method used to solve a value search in an
optimization problem that is not linear problems (Savio &Chakraborty 2019).
2.7 Particle Swarm Optimization (PSO)

PSO is a stochastic optimization technique based on the social behavior of the
movement of birds or fish and was first introduced by Russell C. Eberhart and James Kennedy
in 1995. PSO has been successfully applied to various research fields as well as many
applications, including specific applications with specific needs, such as function optimization,
sudoku games, fuzzy system control, including "training™ Artificial Neural Networks (ANN),
solving supply chain problems (Habibi, 2017) After finding the two best values, update the
particle speed and position with the following equation (Tuegeh et al., 2009):
vt = w, + ij- + ¢y # rand * {pbesti’j- — x:j} + £+ rand * {gbestgf,- — x:f,) (5)

ty
k+1 k k+1
g_:z.}. = x:.j =+ [_:E.}. (6)
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3. Results and Discussion

3.1 Preprocessing Data

The tests conducted in this study used datasets taken from the UCI repository, namely the
Hungarian Institute of Cardiology data set, Budapest (Hungarian. data). A partial view of the Hungarian
benchmark data set can be seen in Table 1.

Table 1. Table 1 Hungarian Benchmark Data Set View

Figure 1. Flowchart Research Method

No attribute class
1 2 3 4 5 6 7 8 9 10 11 12 13
1 28 1 2 130 132 0 2 18 O© 0 2 0 6 0
2 29 1 2 120 243 0 0 160 O 0 2 0 6 0
3 29 1 2 140 251 0 O 170 O 0 2 0 6 0
4 30 0 1 170 237 0 1 170 O 0 2 0 6 0
5 31 0 2 100 219 0 1 150 O 0 2 0 6 0
6 32 0 2 105 198 0 0 165 O 0 2 0 6 0
7 32 1 2 110 225 0 0 184 0O 0 2 0 6 0
8 32 1 2 125 254 0 0 155 O 0 2 0 6 0
9 33 1 3 120 298 0 0 18 O 0 2 0 6 0
10 34 0 2 130 161 0 O 190 O 0 2 0 6 0
11 34 1 2 150 214 0 1 168 O 0 2 0 6 0
12 34 1 2 98 220 0 0 150 O 0 2 0 6 0
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No attribute class
1 2 3 4 5 6 7 8 9 10 11 12 13
13 35 0 1 120 160 O 1 18 O 0 2 0 6 0
189 4 1 4 130 290 O O 100 1 2 2 0 6 1
190 46 1 1 140 272 1 0 175 O 2 2 0 6 1
191 47 0 3 135 248 1 0 170 O 0 2 0 6 1

Table 2. Best Accuracy Comparison of SVM and LRSVM Classifications

k-fold Akurasi Terbaik
LRSVM PSO-GA SVM
2-fold 99.66% 71.72%
5-fold 99.66% 77.59%
10-fold 99.66% 78.62%

Table 3. Best Accuracy Comparison of SVM and LRSVM Classifications
F1 Score Terbaik

LRSVM PSO-GA SVM

0,1 98,69 67,40
0,5 99,30 67,23
1 99,12 71,50
5 99,01 66,07
10 98,77 67,14
50 98,81 64,48
100 98,40 64,48

4. Conclusions

This study developed a combination of Logistics Regression and SVM (LRSVM) classification
techniques. The LRSVM concept applied using the technique lowers the risk of SVM output errors by
interpreting and modifying the output of SVM classifiers according to the results of Logistic Regression
analysis. Then a feature selection approach using the PSO-GA algorithm is applied to reduce the number
of features. The performance of the proposed classification algorithm (LRSVM) is compared to the
performance of conventional SVM classification algorithms without selection features by conducting
tests on coronary heart disease benchmark data sets. The results showed that LRSVM with pso-GA
hybrid-based selection feature achieved better performance with 99.66% accuracy for coronary heart
disease classification compared to classification accuracy with SVM algorithm without selection feature
by 78.62%, with an accuracy improvement of 21.03%. The LRSVM classification model with PSO-
GA-based feature selection also achieved the highest F1 score of 99.30%, where a higher F1 Score
indicates the performance of the proposed algorithm as an algorithm that performs better than the SVM
classification model without the selection feature.
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