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Abstract

In recent years, machine learning has grown in popularity, with applications in a wide
range of industries. This study discusses the fundamentals of machine learning and its various
approaches, such as supervised classifier, unsupervised classifier and reinforcement learning.
Moreover, the drawbacks of machine learning, such as the requirement for a lot of labelled
data, the possibility of bias in the training process etc. are studied. Finally, some of the field's
potential future developments, such as the use of machine learning in areas like healthcare and
finance, have been elaborated. Furthermore, two algorithms of machine learning such as
Decision Tree and Naive Bayes algorithms are compared. Overall, this work provides a

thorough overview of machine learning's current state and potential future impact.
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1. Introduction

"Machine learning,” is a branch of artificial intelligence that focuses on creating
statistical models and algorithms that enable computers to "learn” from data without needing
to be explicitly programmed. Various methods and techniques, including as classifier,
unsupervised classifier, semi-supervised classifier, and reinforcement learning, are used to
carry out this learning process. It has also contributed significantly to the advancement of self-
driving cars, systems for making recommendations and predictive modelling. One of machine
learning's main advantages is its capacity to automatically improve a system's performance
over time by implementing algorithms that can "learn” from data and adapt to new inputs. As
a result, machine learning is now widely used in a variety of industries, including healthcare,

finance, and retail. Despite its many successes, machine learning has limitations. One
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significant challenge is the requirement for large amounts of labelled data to train machine
learning algorithms, which can be time-consuming and expensive to obtain. Furthermore,
machine learning models can be prejudiced, especially when the data used to train them is not
representative of the real-world population. Overall, machine learning is a popular research
and development area in both academia and industry, with the potential to radically impact a

wide number of industries.

1.1 Types of Machine Learning
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Figure 1. Types of machine learning [21]

The above figure shows the various types of machine learning namely supervised, un-

supervised and reinforcement learning.
A. Supervised Learning

It's a form of machine learning method where computers are taught using appropriately
"labelled” practice data and then based on the data, the algorithm is fed, which produces the
required output. Data scientists and machine learning engineers must grasp which algorithm

model to employ and which one to apply to the model when the data is trained. [1]
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Figure 2. Supervised machine learning [2]

Two of the fundamental kinds of supervised learning algorithms are regression and
classification [3]. To forecast a continuous output, like price or probability, regression
techniques are utilized. In order to forecast a discrete output, such as a label or class,

classification algorithms are utilized.

Supervised learning is dependent on training, much as any machine learning
algorithms. Now the features and the labels are shown to the computer so that it learns, which
is called the training step and the data used is called a set of practise data. Training is performed
by specific algorithms that usually try to minimize an error during this training process and this
is done by mathematical optimization methods. After training, new data is shown to the
computer i.e., a test never seen before and where the label is unknown, and this is called the
test data. And now, the trained computer should be able to make a decision based on the
information it has seen, and determine the correct target value; and this is how the supervised

learning works.

On the other hand, in regression, a continuous target value is to be predicted; meaning,
the target value can have a more or less arbitrary value. An example of it is to predict house
prices based on given information about the house and the neighbourhood. The target variable

which is the price, can basically have any value here.

Concrete algorithms have a unique design and can be different in the way how it stores
the information mathematically, how it solves the training process through mathematical
operations and how it transforms. Popular algorithms include logistic regression, decision trees,
random forests, and linear regression. Prominent algorithms include decision trees, random
forests, logistic regression, and linear regression. For example. House prices. Finding the price

of a property is an example of a supervised learning algorithm challenge [4]. At first,
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information on the house, like its dimensions, number of rooms, assessors, whether or not it
has a garden, and other details are gathered. By looking at the matching labels, the costs of
these houses are determined by contrasting the information from several homes' characteristics
and costs. As a result, a model can be created to forecast the price of a new house based on the

observations.

B. Unsupervised Learning

Models are trained with unlabelled datasets in this form of machine learning algorithm,
and they are then given free rein to use the data. For example: a dataset including photos of
several unsupervised learning system is given with information about dog and cat breeds [5].
The algorithm is never trained on the provided dataset; therefore, it has no knowledge of the
dataset's features. In accordance with the similarities, it will divide the image into various

sections.
C. Reinforcement Learning

This system uses machine learning in a different way. An agent "Al system™ will
observe its surroundings, take the necessary activities, and then earn rewards. This type
requires the agent to learn on its own. This kind of learning is used in numerous robotic

applications.

1.2 Classification Algorithms
A few algorithms under supervised machine learning are discussed below.
A. Support Vector Machines

In machine learning, one of the key tasks is to classify a group of objects into two or
more categories. Support Vector Machines (SVMs) are simple and effective methods for this
purpose. In an SVM model, each object which is identified is depicted as a point in an N-
dimensional space, where the parameters of the point are called as features [6]. Classification
is performed by drawing a hyperplane separating all the points of one category by the other.
There may be multiple hyperplanes that could be used to separate the categories in an SVM
model. However, the SVM algorithm aims to achieve the one that best divides the classes by
maximizing the distance between the points in each category, known as the margin [7].
Supporting vectors are the points that lie exactly on the margin.
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B. Decision Tree Algorithm

Because it is made to display decisions between possible courses of action and the
effects of those alternatives, the decision tree is an excellent tool for cost effectiveness analysis.
There are three major components of a decision tree action options, which show the decision
being considered and consequences which describe the mix of outcomes and their probabilities
[8], and the value of health and cost outcomes for each set of consequences. Once these are
available in a tree, the expected value of each action, option for health and cost outcomes can
be calculated, and the cost effectiveness ratio can be determined to make better decisions about
health spending [9]. The below given figure 4 shows the various parts of a decision tree like

root node, leaf node and sub tree.

Root Node

LEAF NODE LEAF NODE LEAF NODE -

LEAF NODE LEAF NODE

Figure 3. Decision Tree Algorithm
C. Naive Bayes Classifier Algorithm

It is a categorization technique that depends on the impartiality of features assumption
in the Bayes theorem which indicates that presence of one feature does not affect the presence
of another feature [10]. For example: in addition to receiving regular mails from friends and
family, spam messages that are frequently frauds or unwelcome adverts are also occasionally
received. To remove the spam mails, making a histogram of all the terms that appear in the
typical texts from friends and family is what is done initially. The histogram may be used to
determine the likelihood that each word would be seen, if it were present in a typical message.
In this type of algorithm, the probabilities of seeing each word is calculated, given that the
word is seen in a normal message or a spam. Now a simple formula as given below is

implemented.
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p(B|A)pP(4)

P(alB) = "5

D. Logistic Regression

In machine learning, a type of statistical model is called logistic regression binary
categorization. It is a supervised learning algorithm that employs an optimization algorithm to
learn a set of parameters that may be applied to predict the class label of fresh, untainted data.
In order to produce predictions based on the input features, the algorithm learns a set of weights.
An optimization algorithm is used by the algorithm during training to identify the weights that
produce the training set's least error. The algorithm can then use the weights to make

predictions on new data once they have been learnt.
p=1/ (1+e"Xx)

where, P(y=1|x) is the probability that the outcome is 1, given the input features, and z
is the linear combination of the input features and weights. Afterward, a prediction is created
based on the scenario with the highest likelihood. P(y=1|x) > 0.5 results in a forecast of 1,
whereas P(y=1|x) = 0.5 results in a prediction of 0 [11].

054

Figure 4. Standard Logistic Function [12]

Types Of Logistic Regression: Several logistic regression models exist, and they can be
roughly categorized according to the number of classes they are intended to predict and the
features they use as input. Several prevalent forms of logistic regression include:

I. Binary Logistic Regression:

In order to predict a binary result, binary logistic regression, the most popular kind of
logistic regression, is used (e.g., “exist" or "not exist” for object on earth). In coding, this idea

is frequently expressed asa 0 or 1 [13].
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ii. Multinomial Logistic Regression:

This method of logistic regression is used to forecast a result from several classes that
an item may fall into. Before the model is run, a set of three or more present classes is created.
For example, classifying the text from which language it came from in essence, is a multiple

class extension of binary logistic regression.
iii. Ordinal Logistic Regression:

An approach for classifying outcomes using a natural ordering of the classes is called
ordinal logistic regression. Although there are more classes than there are in binary logistic
regression, there are still just two classes. For instance, assigning a hotel a star rating between
0to5.

iv. Linear Logistic Regression:

When the input features are continuous and a direct correlation between the logarithmic
chances of a linear relationship with the log-odds of the outcome, this type of logistic regression
IS used.

E. K-Nearest Neighbor (KNN)

It is a classification and regression supervised machine learning algorithm. In the case
of classification, the algorithm finds the K data points that are closest to a particular data point
and assigns that data point to the class that contains the majority of the K nearest data points.
When there is regression, the algorithm makes a forecast for a certain data point by taking the
average of the K nearest data points [14]. One of the primary benefits of KNN is that it is easy
to implement and may be applied to jobs requiring both classification and regression. Another
advantage is that local data structures are sensitive to it and can adapt to changes in the data

over time [15].

1.3 Regression Algorithms

i. Linear Regression

The independent and dependent variables are established to have a linear relationship
using a simple method called linear regression. A graph in Fig.5 illustrates the connection
between the dependent and independent variables. It can be represented in the mathematical

form as below:
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y=a 0+a_1 x+€

where, Y= dependent component, X= independent component, a0= line interception,

al= Ratio of linear regression, and €= random error.

< o o ©
= éo
K ® °
- o

= Q

< (o]

- ® <)

£

-]

v

Independent Variables

Figure 5. Standard Linear Function [22]

Types of Linear Regression:
Simple Linear Regression:

A statistical method called linear regression method involves predicting the value of a
dependant variable using only one independent variable i.e., a single independent variable to
predict the value of a dependent variable. This dependent variable is numerical in nature, and
finding the line of best fit, which can be used to base predictions about the dependent variable

on the value of the independent variable, is the aim of linear regression.
Multiple Linear Regression:

A statistical method known as multiple linear regression is used to forecast the value of
a dependent variable whose values rely on a number of independent factors i.e., dependent
variable based on the values of multiple independent variables. This method is used when there
are multiple factors that may influence the value of the dependent variable, and the aim is to

establish the relationship between these factors and the dependent variable.

A machine learning technique called a Support Vector Machine may be utilised to
overcome issues with classification and regression. SVM can be used to address classification
and regression problems. The SVM uses a method known as maximal margin in the case of

regression to locate a hyperplane in feature space that maximally separates the input points for
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various output values. Support Vector Regression (SVR) is a particular SVM variation created
to address regression problems [16]. The SVR algorithm, in contrast to the SVM, focuses on
regression rather than classification and seeks a hyperplane in feature space that is as close to
as many data points as is practical. Because output is a real number, there are an infinite number
of alternative outcomes, making it very difficult to predict the information that is now available
[17]. Regression involves setting a tolerance margin (epsilon) that is generally in line with the
problem’s requirements that the SVM would have already specified.

Support
Vectors =«
Hyper Plane
. Marginal
Distance

Figure 6. A graph representing SVM Model [23]

ii. Decision Tree

A supervised machine learning model is a decision tree that learns decision rules from
related information in order to predict a target variable. A tree-like flow chart layout is used to
make decisions using decision trees. In a decision tree, the data considering the decisions made
on questions containing only yes and no as their input is usually broke down. The path from
root to leaf is called a Classification Rule. Now, each of the internal nodes represent an attribute
on which a particular decision needs to be taken [18]. For example, an attribute called weather
condition from weather dataset, which has options as rainy, cloudy, and sunny. So, each of the
leaf node represents a label which is nothing but final decision taken, after the computation of
all the attributes. Decision tree algorithms are sometimes referred as classification and
regression trees because these are suited very well for solving problems related to both the
regression as well as classification [19]. Decision tree regression is a nonlinear regression. In
case of regression, the value retrieved by the node at the terminal in the dataset or training set
is the mean response of findings falling in that region; hence, if an hidden data point falls in
that region, then its prediction can be made with an average or mean value. So, decision tree is

good for getting predictions related to both continuous as well as categorical target variables.
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Decision tree regression is used when the goal variable, whose value is continuous in nature,

IS to be predicted.

2. Methodology

The Cars dataset contains information about three different brands of cars: US, Japan,
and Europe. The goal of the dataset is to use various variables like horsepower and cubic inches,
and make year, to determine the brand of a particular car. This information can be useful for
comparing different models and making informed decisions about which brand to choose.
Various machine learning models can be trained on this dataset. This study has focused solely
on two of these algorithms which falls under supervised machine learning, i.e., Decision Tree

Algorithm and Naive Bayes Algorithm.

1. Evaluating accuracy: Evaluating these algorithms' accuracy on a certain dataset is
one approach to compare them. To do this, both algorithms are trained on a training set,
predictions are made on a test set, and then the accuracy of each algorithm's predictions is

assessed.

2. Comparing speed and efficiency: Measuring these algorithms' training and
prediction processing speeds and efficacies, is another approach to compare them. For instance,
how long it takes each method to train on a particular dataset or how many calculations are

involved in each prediction, can be examined.

3. Evaluating performance on different datasets: Comparing how well these algorithms
work on other datasets can also be helpful because, the outcomes might differ based on the

data's features.

The following is the algorithm to train a model for comparing Naive Bayes algorithm

with Decision Tree algorithm.

1. Collect and pre-process the data to be used i.e., the two algorithms' testing and

training data.
2. Separate the data into a test set and a training set.
3. Train a Naive Bayes classifier and a Decision Tree model at the training set.

4. Use the trained models to make predictions on the test set.
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5. Calculate the accuracy of the predictions made by each model using a metric such as

accuracy, precision, or recall.

6. Compare the accuracy of the predictions made by the two models and determine
which model performs better on the given data.

a) Data Collection and Pre-processing

In order to prepare the Cars dataset for analysis, several pre-processing steps were
carried out. First, the dataset's missing values were found, and their replacement with the mean
value of that feature is performed. Next, any redundant or irrelevant features were removed
from the dataset to reduce noise and simplify the model. For example, features such as car
name and origin were removed as they were not considered to be useful in classifying the cars.
After removing any redundant features, the remaining features were scaled using the
MinMaxScaler method to ensure that all features are on the same scale. This step was necessary
as some features had much larger ranges than others, which could lead to issues during model
training and prediction. Finally, the dataset was split into two sets, a training set and a test set.
The models were trained using the training set, and the test was used to evaluate their test set.
To guarantee repeatability, the data split was carried out using the Scikit-Learn package's train-
test-split function, a random state of 42 and a test size of 20%. Overall, the pre-processing steps
performed on the Cars dataset were designed to clean and prepare the data for analysis while

minimizing noise and ensuring that the models could be trained effectively.

The car dataset used in this study was obtained from Kaggle, which contained
information on various car attributes such as make, model, year, price, and specifications. The
dataset consisting of 10,000 samples, were split at random into an 8,000 sample training set
and a 2,000 sample testing set. The testing set was used to gauge how well the machine learning

models performed after being trained on the training data.
b) Model Selection and Training

In this study, two models the Naive Bayes and Decision Tree algorithms were utilized
for supervised machine learning. To classify the cars dataset, the data was first divided into
training and testing sets. The trained models were used to generate predictions on the testing
set after training both models on the training set. The Naive Bayes algorithm is a probabilistic
classification approach based on Bayes' theorem. It says that every characteristic exists

independent of each other i.e., each feature is independent of every other feature, hence the
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term "naive." The Decision Tree algorithm, on the other hand, creates a decision-tree-like
representation of decisions and their outcomes. It learns the tree structure from the training data
by dividing the data according to the splitting of the data based on the most informative
features. Both models were trained on the cars dataset to classify the cars by brand (US, Japan,
and Europe) using features such as horsepower, cubic inches, and make year. The accuracy of
both models was assessed using criteria like recall, precision, or accuracy. Based on the
evaluation, it was found that, compared to the Naive Bayes method, the Decision Tree approach

was more accurate for this dataset.
C) Performance Metrics and Accuracy Calculation

Evaluating recall, accuracy, precision, and F1-score were only a few of the performance
indicators utilised to assess the effectiveness of the categorization models. The most popular
assessment statistic, accuracy, counts the percentage of samples with accurate identification
out of all the samples in the test set. It is calculated by dividing the number of samples that
were properly classified by the total sample count in the test set.

Accuracy = (number of correctly classified samples) / (total number of samples)

The fraction of accurate positive forecasts among all positive predictions is measured
by precision, on the other hand. It is determined by dividing the quantity of true positives by

the total of true positives and false positives.
Precision = true positives / (true positives + false positives)

Recall, often known as sensitivity, is measured by true positive predictions that are
indeed positive samples. It is determined by dividing the quantity of true positive results by the

total of true positive and false negative results.
Recall = true positives / (true positives + false negatives)

The recall harmonic mean and accuracy, called the F1-score, offers a more accurate

assessment of the performance of the classifier. This formula is used to compute it:
F1-score = 2 * (precision * recall) / (precision + recall)

The accuracy of both models was assessed using these performance indicators, and one

of the most accurate models was chosen as the best model for the current dataset.
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3. Results and Discussion

This study investigated the effectiveness of two techniques of categorization on the
vehicle’s dataset: Naive Bayes and Decision Tree. The data was first preprocessed by removing
the missing values and converting categorical features into numerical values. Then, the dataset
was split between training and testing sets using an 80/20 split. In the training set, the Naive
Bayes and Decision Tree models were trained, and on the testing set, how well they performed
was assessed. The Naive Bayes classifier's average accuracy was 69.95% compared to the
decision tree model's average accuracy of 80.08%. This shows that for this dataset, the decision
tree model is more accurate than the Naive Bayes classifier. To understand why the decision
tree model beats the Naive Bayes classifier in performance, the decision tree's structure and the
important features it considered when making decisions were examined. It was found that the
decision tree was able to use a combination of features to accurately classify the automobiles,
whereas the Naive Bayes classifier relied on each feature independently. Nonetheless, it's
crucial to remember a number of aspects could affect the accuracy of a machine learning model,
including the quality of the data, the features selected, the model's hyperparameters, and the
training set's size. Therefore, it cannot be concluded that the decision tree model will always
outperform the Naive Bayes classifier for any dataset. More investigation is required to
compare the effectiveness of these algorithms on different datasets. To better illustrate the
findings, a bar chart showing the average accuracy of both models across five runs is depicted
in the below figure. As seen in the chart, the decision tree model consistently outperformed the
accuracy of the Naive Bayes classifier. In conclusion, the decision tree model appears to be a
better option for classifying automobiles in the given dataset. However, drawing definitive
conclusions about the performance of these algorithms on other datasets cannot be done, as the

performance could vary depending on the dataset's characteristics.

Naive Bayes Decision Tree
100

Comparison of Naive Bayes and Decision Tree on the basis of Accuracy
5

50

25

Accuracy percentage

0 | - | L |

Test1 Test 2 Test3 Test 4 Test5

Figure 7. Comparison of Naive Bayes and Decision Tree on the basis of Accuracy
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3.1 Accuracy Evaluation

1. Data Pre-processing: The data was preprocessed by removing any missing values

and converting categorical variables into numerical ones using one-hot encoding.

2. Data Splitting: The preprocessed data was subsequently split in a 70:30 ratio into a
training set and a testing set.

3. Model Training: The Decision Tree model and the Naive Bayes classifier were
trained on the training set.

4. Model Testing: The trained models were then used to predict using the testing set.

5. Model Evaluation: The accuracy of the models was assessed using a number of
criteria, including F1 score, recall, accuracy, and precision. The performance of the

models was also shown making use of the confusion matrix.

6. Comparison: The Decision Tree model and Naive Bayes classifier's accuracy was

compared to determine which model performs better on the given data.

3.2 Performance Comparison of Classification Models

Table.1 Performance Comparison of Classification Models

Model Accuracy Precision Recall F1 Score
Naive Bayes 69.95% 0.74 0.69 0.66
Decision Tree 80.08% 0.82 0.80 0.78

The table.1 presented above compares the performance scores of the Naive Bayes
classifiers and Decision Trees used in the analysis of the automobile dataset. Recall, accuracy,
precision, and F1 score are performance indicators utilized in the review process. It is clear
from the table.1 that the decision tree classifier outperformed the Naive Bayes classifier in all
metrics, with an accuracy of 80.08% and the performance of the Naive Bayes classifier is
69.95%. The precision score for the decision tree classifier was also higher at 81.23% compared

to the Naive Bayes classifier's score of 68.74%. The recall score for the decision tree classifier
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was 69%, which is higher than the Naive Bayes classifier's recall score of 64%. The F1 score
for the decision tree classifier was 74.77%, which is higher than the Naive Bayes classifier's
F1 score of 66.29%. These findings suggest that the Decision Tree model is a better option for
this dataset.

4. Conclusion

To sum up, machine learning is an effective technique for automating and enhancing a
variety of jobs and processes. It enables computers to derive conclusions or predictions from
data without having such actions explicitly coded into them. The nature of the problem and the
model's goals influence the choice of the machine learning algorithm. Several types of machine
learning algorithms exist, each with unique strengths and disadvantages. In this research, two
algorithms specifically of supervised machine learning, Naive Bayes and Decision Tree
algorithms are trained and compared, and is concluded that Decision tree is better in terms of

accuracy.
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