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Abstract— This considers employments a novel strategy of
information investigation, highlight choice and hyper-parameter
tuning to get it and select the highlights predominant in heart
ilinesses from a therapeutically practical dataset. Customarily,
heart infections are measured at afterward stages and they may
pass the point of no return for certain patients. The need of early
location of heart illnesses is one the prime reason for the
outlandish misfortune of blameless lives. The current technique
includes the utilization of an altered machine learning calculation
alongside Hereditary algorithm-based highlight choice and
advancement to detect the highlights that influence the heart and
cause maladies the foremost. Components like resting blood
pressure, gender,  fasting blood pressure, resting
electrocardiographic comes about and a few other variables are
taken under consideration to attain the finest conceivable comes
about. The altered approach accomplishes a part superior
precision as compared to conventional machine learning
approaches. In this paper, Direct Straightforward Vector
Classifier, Ada-Boost Classifier and Calculated Relapse Classifier
have been utilized. All the hyper-parameters are finely tuned to
progress the ultimate precision.

Keywords—Genetic Algorithms, Machine Learning, Hyper-
parameter tuning, Feature Selection, Optimization, Heart Disease

I. INTRODUCTION

Specialized inquire about in heart maladies incorporates a
wealthy history, dating back to the 17th century with William
Harvey's disclosure of blood circulation. Key breakthrough
incorporates the development of the stethoscope in 1819, the
disclosure of X-rays in 1895, and the advancement of
electrocardiography within the early 20th century. These
progressions, together with the presentation of drugs like
digitalis and diuretics, [1] altogether made strides the
conclusion and treatment of heart conditions. Within the mid-
20th century, the development of cardiac catheterization and
coronary supply route bypass surgery revolutionized heart care.
More as of late, progresses in restorative imaging, negligibly
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obtrusive strategies, and sedate treatments have kept on make
strides results for patients with heart maladies [2].

In cutting edge times, conventional machine learning
calculations have been utilized to foresee the chances of a quiet
causing a heart illness with direct victory rates. Conventional
machine learning calculations like Ada Boost Classification,
[3] Calculated Relapse and Straightforward Vector
Classification have been utilized as benchmarks to compare the
comes about of the more seasoned calculations and the
proposed altered calculation [4].

Within the current paper hereditary calculations have been
utilized to guarantee maximal include extraction and
optimization and miniature hyper-parameter tuning has too
been done. The Machine Learning calculations have been
altered to work in conjunction with the instrument of hereditary
calculation in an exertion to progress upon the already utilized
procedures. Correctness’s higher than 5-6% as compared to
conventional calculations have been accomplished [5].

Il. LITERATURE SURVEY

Latest research studies have shown promising findings with
regards to the application of technology in heart disease
detection and prediction. Machine learning algorithms can
potentially predict heart disease with accuracy by using many
parameters from patients.[6][7] These studies use techniques
such as random forests, support vector machines, and artificial
neural networks to analyse information obtained from patients
and identify heart disease-related patterns [8].

Medical imaging, in the form of CT scans and MRI, has
further improved the visual and evaluation of the structure and
functioning of the heart, hence helping in early detection.
Wearable technology, like smartwatches, increasingly monitors
heart rate and other vital signs that can be invaluable data for
the personal risk assessment and early intervention [9].
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Machine Learning has played a pivotal role in advancing
the field of heart disease research and heart disease prevention
owing to its quick and accurate nature. On the basis of this, we
concluded that early detection of heart diseases is pivotal if the
long-term risks are to be mitigated[11]. In this current paper,
we have made use of Logistic Regression, Ada-Boost
Classification and Linear SVC to achieve our goals [12].

Genetic algorithms fall under the category of evolutionary
and optimization search techniques that make use of the
principle of Darwinian natural selection. These search
algorithms work by creating candidate solutions, evaluating
them regarding their fitness, and generating a new generation
by cross-over and mutation to form candidate solutions from
the selected ones within the population. [19][20]][21] The
cycle progresses until a satisfactory solution emerges or a
termination criterion is satisfied. Genetic algorithms are
particularly useful for solving complex optimization problems
where traditional methods may struggle [17][18]. Genetic
algorithm mechanisms do very well in optimal feature selection
and code optimization.[13][14] Therefore, the current research
methodology has well combined the mechanisms of both
machine learning and genetic algorithms to achieve high rates
of accuracy in the detection of heart disease.[15][16]

I1l. PROPOSED METHODOLOGY

The dataset used is of medical data regarding heart
conditions of patients. Every column denotes a specific-criteria
that impacts the heart, and every one of them represents the
medical data of an individual. The dataset is in ASCII CSV
format wherein every row denotes a heart-related medical
criteria. Thus, there are 1025 rows and 14 columns in the
dataset (1025 x 14).

A. Traditional Methodology:

Feature selection and extraction are critical steps in
machine learning that enhance the performance of a model and
its interpretability. Feature selection is concerned with
identifying only the most important information in the data and
discarding irrelevant or redundant details. This process
streamlines the model, preventing overfitting and enhancing
efficiency. Techniques such as correlation analysis, forward
selection, and L1 regularization are commonly used. Feature
extraction, on the other hand, changes the original data into a
new representation that often captures better the underlying
patterns. Among them are PCA, LDA, and t-SNE that are used
to reduce the dimensionality and form more informative
features.

Classification algorithms are one of the key tools in
supervised machine learning. They help computers classify
data into pre-specified categories, like spam or not spam, or
diagnose medical conditions. In the case of the current study,
Logistic Regression, Linear SVC, and Ada-Boost are
considered.

1) Logistic Regression

Logistic regression is used to model a linear combination of
one or more independent variables in terms of the probability
of an event occurring.
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In logistic regression, we model the probability of an event
occurring as a linear combination of one or more independent
variables. The relationship is expressed through the following
equation:

tog (2 p) = O+ BIX+ BEXPH ..+ Bk
where
e p: The probability of the event occurring

e X'...X,: The independent variables

e Bo...B:The coefficients (weights) associated with each
variable

The left-hand side of the equation, log (&), is known as

the logit or log-odds. It transforms the probability, which is
bounded between 0 and 1, into a linear function that can take
on any value.[22]

To obtain the probability directly, we can apply the inverse
of the logit function, which is the sigmoid function:
p = 1(1 +exp(—(B° + BX* + B2X% + .. + BiXW))

This equation provides a probabilistic prediction for the
occurrence of the event based on the values of the independent
variables and their corresponding coefficients.

2) Linear SVC

Linear SVC is a machine learning algorithm for
classification. It tries to find an optimal hyperplane that
separates the data points of different classes with the maximum
margin. In case of linear SVC, this hyperplane is a line.[23][24]

The decision boundary for a linear SVC can be represented
by the following equation:

wix + b =0
where:

o w: Weight vector (normal to the hyperplane)

x: Input feature vector

b: Bias term (determines the offset of the hyperplane)

a) Interpretation

e If wi'x + b > 0, the data point is classified as
belonging to one class.

e If wix + b < 0, the data point is classified as
belonging to the other class.

3) AdaBoost (Adaptive Boosting)

AdaBoost is a popular ensemble learning method that
combines multiple weak learners (classifiers that performed
slightly better than random guessing) to create a strong learner
with significantly improved accuracy.[25][26]. The core
equation in AdaBoost represents the final prediction of the
ensemble:

H(x) = sign (Z(at * ht(x)))

1800



Proceedings of the 2025 12th International Conference on Computing for Sustainable Global Development (INDIACom)
Bharati Vidyapeeth's Institute of Computer Applications and Management (BVICAM), New Delhi (INDIA)

where:

e H(x): The final prediction of the ensemble for a given
inputx.

e a,: The weight assigned to the t;, weak learner.
®  hy): The prediction of the ty, weak learner for input x.

a) Initialization
Assigning equal weights to all training samples.

b) Iterative Training

For each iteration t; , Training a weak learner h; using the
current weights of the Training samples.

Calculating the error rate (e;) of h,.

Calculating the weight a, for h, based on its error rate:

1-—c¢
a; = 0.5 *log<(—t)
t
Updating the weights of the training samples based on the
performance of h,:

Increasing the weights of misclassified samples.
Decreasing the weights of correctly classified samples.

c) Final Prediction

Combining the predictions of all weak learners using their
respective weights a, .[27]. The sign of the weighted sum
determines the final prediction.

B. Proposed Methodology:

In the proposed methodology, we used finely hyper-
parameter tuned machine learning algorithms in conjunction
with genetic algorithm mechanisms in an attempt to achieve
higher accuracies.[28]

1) Logistic Regression

Genetic algorithms can be applied to optimize the
coefficients Po.fk of the logistic regression model. The idea is
that every set of coefficients should be represented as a
"chromosome" or individual in a population. Then, the fitness
of every chromosome is calculated by considering the
performance of the logistic regression model corresponding to
the given chromosome.[29]

The optimized coefficients obtained from the genetic
algorithm are then used to create the final logistic regression
model:

p = 1(1 + exp(—(B° + BX' + BZX2+...+Bka)))
2) Linear SVC

Genetic algorithms can be used to optimize the weight
vector w and bias term b in the Linear SVC model:

e Chromosome Representation: Each chromosome in the
genetic algorithm population represents a set of weights
(w) and a bias term (b).

e Fitness Function: The fitness function evaluates the
performance of the Linear SVC model with the given
weights and bias. Common metrics include accuracy,
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precision, recall, F1-score, or area under the ROC curve
(AUC).[30]

e The optimized weights and bias obtained from the
genetic algorithm are then used to create the final Linear
SVC model:

wix + b =0
C. Ada-Boost
H(x) = sign (Z(at * ht(x)))

Instead of directly calculating weights in the AdaBoost
algorithm, genetic algorithms can find an optimal set of
weights for a given weak learner in an ensemble. The
parameters for every weak learner can be optimized with
genetic algorithms.

1) Algorithm
e Step 1: The heart disease dataset is imported.

e Step 2: Data cleaning and pre-processing are performed.

e Step 3: Linear SVC, Logistic Regression and Ada-Boost
are applied on the dataset to achieve the base accuracies
and the ROC curves are displayed.

e Step 4: The genetic algorithms are applied for feature
selection, feature extraction and optimization.

e Step 5: Linear SVC, Logistic Regression and Ada-Boost
are applied on each and every generation of optimized
features for five different generations.

e Step 6: The improved accuracies are checked and the
changes in the generations are displayed graphically.

IV. RESULT AND ANALYSIS

To check the results of the newer methodology, we used
mathematical data pertaining to the heart conditions of several
patients. We found that the modified machine learning
methodology improves the accuracies of machine learning
algorithms by a large margin and aids in the early detection of
heart diseases. Genetic algorithms ensure that the unwanted
features are eliminated and thus, higher accuracies with better
results are obtained.

The Genetic Algorithm (GA) optimization of the Ada-
Boost Classifier has significantly improved its performance,
achieving a remarkable 89.35% accuracy rate which is a major
jump from the traditional accuracy of 83.20%.

This substantial enhancement surpasses the capabilities of
existing algorithms, demonstrating the effectiveness of the GA
in fine-tuning the Ada-Boost classifier parameters for optimal
classification outcomes.

A. Procedural Analysis

Fig 1. Shows us the dataset that has been used. Fig 2.
Shows us the corelation heatmap of the features present in the
dataset.

On comparing Fig 3. with Fig 7,8,9 we can see that the
modified machine learning algorithm gives us a higher
accuracy as compared to the traditional technique.
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On comparing Fig 4,5,6 with Fig 10,11,12 (respectively),

Receiver Operating Characteristic (ROC) for Logistic Regression

we see the graphical differences in accuracies between the L0
traditional technique with the modified machine learning
algorithm.
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2 Logistic Regression 0.7582101

Best score iIn generation 1 : [8.844166463878327]
Fig. 3. Accuracies of the classification algorithms used without genetic Best score iIn generation 2 : [8.8479687452471483]
algorithms Best score in generation 3 : [8.844185463873327]

Best score in generation 4 : [8.844166463878327]

Best score iIn generation 5 : [8.8555133879847989]
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Fig. 7. Accuracies of Logistic Regression using genetic algorithm for 5
generations
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Fig. 8. Accuracies of Linear SVC using genetic algorithm for 5 generations
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Fig. 9. Accuracies of AdaBoost Classifier using genetic algorithm for 5
generations
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Fig. 10. Accuracy graph of Logistic Regression using genetic algorithm for 5
generations
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Fig. 11. Accuracy graph of Linear SVC using Genetic algorithm for 5
generations
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Fig. 12. Accuracy graph of AdaBoost using Genetic algorithm for 5
generations

V. CONCLUSION AND FUTURE SCOPE

We would like to conclude the proceedings of this research
by stating our firm belief in the fact that the enhanced accuracy
in the early detection and prediction of heart diseases in
potential patients will surely help doctors and medical
professionals avoid doomsday scenarios and save a lot of lives.
There are countless methods of heart disease detection and
feature selection but they are not completely optimized and
their accuracies are not maximized, as seen via this research.

Thus, a modified methodology where modified and highly
hyper-parameterized classification algorithms work in pair with
genetic algorithms offer far higher efficiency and accuracy in
the early detection of heart diseases in potential patients.
Manual intervention by doctors and medical professionals
becomes redundant as the algorithm can directly detect the
presence of heart diseases from their medical files themselves.
The research shall be used a basis for more advanced research
into heart disease detection and its prevention with higher
accuracy and efficiency. In accordance with the needs of the
current times, we also intend to work on ways to predict the
exact specific regions of the heart that may have issues and
create a framework that will allow potential patients to have
personalized reports on possible heart conditions they may
have or develop.
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