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Abstract— Supervised learning problems can be classified into 

regression problems and classification problems. A problem is 

said to be a regression problem when outputs are continuous 

whereas a classification problem is when outputs are categorical. 

There is a wide range of machine learning applications where 

classification techniques are used. So, this study attempts to 

compare different types of classification algorithms.  We will 

discuss some of the major types of classification methods, 

including Bayesian networks (BN), Naïve Bayes (NB), Stochastic 

gradient descent (SGD), Decision tree (DT), k-nearest neighbor 

(KNN) classifiers, Neural network, Random forest (RF), Logistic 

Regression (LR), Support vector machines (SVMs) and their 

advantages, disadvantages, and applications. The purpose of this 

study is the comprehensive review of various classification 

methods in machine learning. This work is useful for both 

Academia and newcomers in the field of machine learning to 

further strengthen the basics of classification methods.  

Keywords—Machine Learning, Classification Algorithms, 

Machine Learning Applications 

I. INTRODUCTION 

Machine learning, by definition [1], is a field of computer 
science that evolved from the study of pattern recognition and 
computational learning theory in artificial intelligence. This is 
the training and construction of algorithms that can be learned 
and predicted from datasets. These steps work by building a 
model from an example input to make data-driven predictions 
or selections, rather than following the instructions of a solid 
static program [2]. With hundreds of statistics-based algorithms 
built into machine learning, choosing the right algorithm or 
combination of algorithms for your job has always been a 
challenge for anyone working in this area. However, it is 
important to understand three comprehensive categories of 
machine learning before considering a particular algorithm. 
These three categories are  

1. Supervised 

2. Unsupervised 

3. Reinforcement.  

In supervised learning, make predictions using a known 
dataset, also known as a training dataset. The training dataset 
contains input data and response values. From there, the 
algorithm attempts to build a model that can predict the 
response value of the new dataset. The program is "trained" in a 
predefined set of "training examples" to promote the ability to 

reach accurate conclusions when given new data. Supervised 
techniques can be further divided into two main categories. 
Classification and regression. In regression, output variables 
take continuous values, but in classification, output variables 
take class labels [3]. Classification is used to classify a record. 
It is used for questions which can have only a limited number 
of answers (fix no of output (1/0)). Regression algorithms are 
used to calculate numeric values. 

Unsupervised learning is an independent learning process. 
For unsupervised learning, not all variables and data patterns 
are categorized. Instead, the machine should use an 
unsupervised learning algorithm to reveal hidden patterns and 
create labels. This approach is based on absolute error 
measurement because there is no supervisor. This is useful if 
you need to learn how to group (cluster) a set of elements 
according to their similarity (or distance scale). Unsupervised 
Learning can be further divided into Clustering and Anomaly 
detection algorithms. Anomaly detection is a technique for 
identifying rare events or observations that can be suspicious 
because they are statistically different from other observations. 
Clustering is use to find structure behind problem. Clustering is 
similar to a classification algorithm but uses a different type of 
dataset. Classification uses labeled datasets, while clustering 
uses unlabelled datasets. 

Reinforcement learning is based on feedback provided by 
the environment, even in the absence of a real supervisor. 
However, in this case, the information is more qualitative and 
does not help the agent determine accurate measurements of the 
error. In reinforcement learning, this feedback is usually called 
reward (negative feedback is sometimes defined as a penalty) 
and helps to understand whether a particular action taken in a 
given condition is positive. 

Classification of input data is a very important process in 
machine learning, such as whether the email is genuine or 
spam, and whether the transaction is fraudulent, etc. hence, we 
will go through the most commonly used classification 
algorithms in Machine Learning.  

II. CLASSIFICATION ALGORITHMS 

Classification is the process of classifying a particular 
dataset into classes that can be run on both structured and 
unstructured data. The process starts by predicting the class of a 
particular data point. Class is usually referred to as target, label, 
or category. 
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  Fig. 1.   Classification algorithms 

A. Probabilistic models for classification 

Statistics-based algorithms generalize problems with help 

of distributive statistics and look into the distribution structure 

to continue the predicting task. Here, Naïve Bayes has been 

explained as a popular example of statistics-based algorithm. 

This is a collection of classification techniques based on 

Bayesian theorem of probability. [4] 

Graphical model [5] is a probabilistic model in which a graph 

shows a conditional independent structure between random 

variables. Graphical models provide an easy way to visualize 

the structure of stochastic models and can be used to design 

and motivate new models. 

 

1) Naïve Bayes Classifier 

The naive Bayes classifier generates probabilities for all 

cases. Then predict the highest probability of outcome. The 

naive assumption is that the features are independent and that 

the classification of all pairs of features is independent of each 

other. [4] The naive Bayes classifier is a simple stochastic 

classifier based on applying Bayes' theorem with a strong 

(naive) independence assumption.  

 

Advantages Disadvantages 

A small size of training 

data is sufficient here to 

estimate the required 

parameters  

Classifier is very fast 

Can be used to solve 

diagnostic problems 

efficiently [4] 

Known to be a bad 

estimator [4] 

 

 

2) Logistic Regression 

This is a classification function built using classes and 

using a single multinomial logistic regression model with a 

single estimator. Logistic regression usually indicates where 

boundaries between classes exist, and certain approaches also 

indicate that the probability of a class depends on the distance 

from the boundary. This means that the larger the dataset, the 

faster it will move towards the extremes (0 and 1). These 

statements about the probability of making logistic  

 

 

regression more than just a classifier. Logistic regression 

uses the concept of predictive modeling as regression. 

Therefore, it is called logistic regression and is used to classify 

samples. Therefore, it corresponds to the classification 

algorithm 

 

Advantages Disadvantages 

highly interpretable 

easy to use 

easy to normalize, & is 

regularized,  

very efficient [6] 

cannot solve nonlinear 

problems 

relies heavily on the proper 

display of data 

vulnerability to overfitting 

[6] 

 

 

3) Stochastic Gradient Descent 

After explaining the basics of logistic regression, it is 

useful to introduce an SGD classifier class that implements a 

very well-known algorithm that can be applied to several 

different loss functions. The idea behind stochastic gradient 

descent is to repeat weight updates based on the gradient of the 

loss function. Stochastic gradient descent is a very popular 

algorithm used in many machine learning algorithms, and most 

importantly, it forms the groundwork of neural networks.  

 

Advantages Disadvantages 

Computation is fast 

For larger datasets,  

the parameters are updated 

more frequently,  

resulting in faster 

convergence 

 

 

noisy steps 

computationally expensive 

 

 

4) Bayesian Networks 

Bayesian Network (BN) refers graphical model for probability 

associations between a set of variables [7] 

 

Hidden Markov Model 

Here, we introduce the hidden Markov model, which is a 

special case of the Bayesian network. In the hidden Markov 

model, the hidden states are linked as a chain and dominated 

by the Markov process. The observable values are then 

generated independently given the hidden states that form the 

sequence. Hidden Markov models are widely used in speech 

recognition, gesture recognition, and part-of-speech tagging, 

and hidden classes are interdependent. Therefore, the class 

label of an observation depends not only on the observation, 

but also on the adjacent states.[5] 

 

Markov Random Fields (MRF) 

Next, we look at another major class of graphical models that 

are written in undirected graphs and specify both factorization 

and a set of conditional independence relationships. The 
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Markov Random Field (MRF), also known as an undirected 

graphical model, has a set of nodes, each node corresponding 

to a variable or group of variables, and a set of links, each 

connecting a pair of nodes. [5] 

 

Conditional Random Fields (CRF) 

So far, we have explained the Markov network representation 

as a joint distribution. One notable variant of MRF is the 

Conditional Random Field (CRF). In this case, each variable 

may be conditioned on a set of global observations. More 

formally, the CRF is an undirected graph, and its nodes can be 

divided into two disjoint sets of observation variable X and 

output variable Y. These can be parameterized as a set of 

factors in the same way as a regular Markov network. The 

main advantage of CRF over HMM is its conditional nature, 

which relaxes the independence assumptions that HMM 

requires to ensure manageable inference.[5] 

 

Advantages  Disadvantages  

Flexible applicability: can be 

used to solve  

both regression and 

classification problems 

Handling missing data 

Smoothness characteristics: 

Minor changes in the 

Bayesian network model do 

not affect the behaviour of the 

system  

noise 

lack of information  

awareness of changing 

attributes for class 

variables  

 

B. Logic based learning 

Logic-based algorithms address the problem of step-by-step 

data streaming by letting the logic work at each step. Here 

decision tree has been overviewed as a classical example of 

logic-based algorithm.  

1) Decision Tree 

Decision tree algorithms are most commonly used 

algorithms in classification. Decision tree provides an easily 

understandable modeling technique and it also simplifies the 

classification process [3]. The decision tree is transparent 

mechanism it facilitates users to follow a tree structure easily 

in order to see how the decision is made. The core objective of 

decision tree is to produce a model that calculates the value of 

a required variable based on numerous input variables [3]. 

Usually, all decision tree algorithms are constructed in two 

phases [3]: 

 (i) tree growth; in which training set based on local optimal 

criteria is splitting recursively until most of the record 

belonging to the partition having same class label  

 (ii) tree pruning; in which size of tree is reduced making it 

easier to understand.  

 

ID3, C4.5, CART are examples of widely used decision tree 

algorithms. 

 

In decision tree learning, ID3 (Iterative Dichotomiser 3) is an 

algorithm invented by Ross Quinlan that is used to generate 

decision trees from datasets[8]. A tree is built using the 

decision tree technique to model the classification process. 

When the tree is built, it applies to each tuple in the database, 

and as a result, that tuple is categorized. [8] It is one of the 

most widely used algorithms in the fields of data mining and 

machine learning because of its effectiveness and simplicity 

[9]. The ID3 algorithm is based on information gain 

 

C4.5 is a popular algorithm for decision tree formation. This is 

an extension of the ID3 algorithm that minimizes the 

shortcomings caused by ID3 [3]. The decision tree generated 

by the C4.5 algorithm can be used for classification. For this 

reason, C4.5 is also known as a statistical classifier [8] 

 

CART stands for Classification and Regression Trees 

(Breiman et al., 1984). This is characterized by the fact that it 

builds a binary tree. That is, each internal node has exactly two 

output edges. Splits are selected using towing criteria and the 

obtained tree is pruned by cost and complexity pruning. When 

provided, CART can take into account the cost of 

misclassifying tree leads. Users can also provide prior 

probability distributions.[8] 

 

Advantages Disadvantages 

Ease of interpretation [10] 

can easily handle 

heterogeneous data 

simple  

fast 

require less data pre-

processing, 

can process both 

categorical and numeric 

data.[4] 

 

risk of overfitting 

can lead to complex tree 

structures that are not well 

generalized. 

Noise Impact 

Accuracy is often not state-

of-the-art [10] 

 

2) Random Forest 

As the name implies, "Random forests are classifiers that 

contain a large number of decision trees in different subsets of 

a particular dataset and take an average to improve the 

predictive accuracy of that dataset." Instead of relying on one 

decision tree, it gets the predictions from each tree based on 

the majority of the predictions and predicts the final output. 

It is based on the concept of ensemble learning. This is the 

process of combining multiple classifiers to solve complex 

problems and improve model performance. Many trees can 

outperform the performance of individual trees by reducing the 

errors that typically occur when considering a single tree. If 

one tree doesn't work, the other tree may work. This is an 

additional benefit, and this ensemble formed is known as 

Random Forest. [11] 

 

Advantages Disadvantages 

Can handle large, high-

dimensional datasets. 

Improve model accuracy 

and prevent overfitting 

issues. 

 robust and versatile 

algorithm. 

Can be used to handle 

missing values in specified 

data 

[11] 

 

High calculation cost. 

Difficult to interpret 

Creating forecasts is often 

very time consuming [11] 

 

C. Support Vector Machine 

Definition: This represents a dataset item or record with "n" 
features plotted as points in n-dimensional space separated into 
classes by the widest possible margin known as a hyperplane. 
The data items are then mapped to the same n-dimensional 
space, and predictions of the categories to which they belong 
are obtained based on the aspects of the hyperplane to which 
they belong. [4] 

SVMs are considered one of the most prominent and useful 
techniques for solving problems related to data classification 
and learning and prediction. Given a series of training 
examples, each marked as belonging to one of two categories, 
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the SVM training algorithm builds a model that predicts 
whether the new example will fall into one of the categories. [3] 

There are many types of SVMs, including linear, 
polynomial, and sigmoid.  

Advantages Disadvantages 

memory efficient [12] 

can handle a variety of 

classification problems, 

including high-dimensional 

problems that are not 

linearly separable [3] 

not suitable for large datasets 

[12] 

does not work very well if 

the dataset is noisy [12] 

training time is so long [4] 

 

D. Artificial Neural Network 

Artificial neural networks, also known as neural networks, 

are a common machine learning technique for processing data 

through layers of analysis. A typical neural network can be 

divided into an input layer, a hidden layer, and an output layer. 

The data is first received by the input layer, where a wide 

range of features are detected. The hidden layer then analyses 

and processes the data. Based on previous calculations, the 

data is streamlined by going through each hidden layer. The 

final result is displayed as an output layer. 

Neural networks are applied when you do not know the exact 

nature of the input-output relationship. An important feature of 

neural networks is that they learn the relationship between 

inputs and output during training. 

 

1) Single-Layer Neural Network 

It has one input layer and one output layer. The simplicity 

of these networks makes them suitable for introducing the 

internal behavior of neural networks. Some standard single-

layer networks widely used for classification problems are 

perceptron, Adaline networks, and linear vector quantization 

(LVQ).[5]           

                         

2) Kernel-Layer Neural Network 

We used the term kernel-based neural network for classes 

of neural networks that use the kernel within the architecture. 

A well-known example of this type is the radial basis function 

network. Radial basis function networks (RBFNs) implement a 

two-layer architecture featuring a hidden-layer kernel unit and 

an output-layer linear unit. [5] RBFNs can achieve powerful 

classification functions with a relatively small number of units. 

As a result, RBFNs have been successfully applied to various 

data classification tasks such as handwritten digit recognition, 

image recognition, speech recognition, process failure 

detection, and various pattern recognition tasks 

 

3) Multi-Layer Neural Network 

A Multilayer Perceptron (MLP) consists of an input layer 

and an output layer, with one or more hidden layers of non-

linearly activated nodes or sigmoid nodes. This is determined 

by the weight vector and the network weights need to be 

adjusted. This is a classifier that finds network weights by 

solving quadratic programming problems using linear 

constraints, rather than solving non-convex, unconstrained 

minimization problems as in standard neural network training.  

4) Deep-Layer Neural Network 

Deep learning techniques aim to learn and leverage the 

capabilities of neural networks to generate internal feature 

representations of the data in hidden layers. The output layer 

can be thought of as a spatial classification machine that spans 

the output of the last hidden layer. More hidden layers and 

more units within those layers generate a stronger network 

with the ability to generate a more meaningful internal 

representation of the data. 

Advantages Disadvantages 

Store information 

throughout the network  

work with incomplete 

knowledge 

Fault Tolerance 

Parallel processing function 

[13] 

Hardware Dependencies 

Network unexplained 

behavior 

Determining the proper 

network structure [13] 

 

E. Instance-Based Learning 

"Instance-based learning" that delays the generalization 

process until the classification task is performed. This 

algorithm is tagged as "lazy" and is widely known as the lazy 

learning algorithm. The KNN or K-nearest neighbor algorithm 

is a popular case of instance-based learning. KNN is one of the 

most understandable and very simple classification algorithms. 

Despite its simplicity, it can produce very competitive results. 

It can handle classification and regression type prediction 

problems [4] 

1) K-Nearest Neighbors 

A supervised learning technique used to classify new data 

points based on their relationship to nearby data points. 

Methods in another class can be associated with statistical 

methods. These are called nearest neighbor methods or, in 

some cases, memory-based methods. The k-nearest neighbor 

classifier considers the k-nearest neighbor points and uses the 

majority of the signs to classify the samples. 

 

Advantages Disadvantages 

Powerful for noisy training 

data and works well with 

large training data [4] 

Simplicity, transparency, 

easy to understand and 

implement [3] 

 

 

for each new instance, all 

distances from the K-nearest 

neighbors have to be 

calculated multiple times, 

which increases the 

calculation time. To reduce 

the error rate, you need to 

determine the value of K 

correctly. [4] 

Computational complexity 

memory limitations 

poor run-time performance 

for large training sets 

irrelevant attributes can 

cause problems [3]. 

 

III. CLASSIFICATION ALGORITHM’S APPLICATIONS  

. 
TABLE I. APPLICATIONS OF CLASSIFICATION ALGORITHMS 

 

Classification 

Algorithms 

Applications 

Naïve Bayes 

Classifier 

recommendation system [14] 

text classification [15] 

spam filtering [16] 

 

Logistic 

Regression 

medicine [17] 

social sciences [18] 

Bayesian 

Networks 

Traffic accident detection [19] 

Signature verification [20] 

 

Decision Tree Air traffic control systems [21] 

financial analysis [22] 

ID3 

 

Predict student performance [23] 

Fraud detection application [24] 

Tolerance-related knowledge 

acquisition [25] 

 

C4.5 Debtor's decision to apply for a loan 
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 [26] 

Predicting software defects [27] 

Thrombosis Collagen disease [28] 

Question pool selection [29] 

 

CART intrusion detection [30] 

Random Forest Classify fraudulent and non-

cheating.[31] 

Examine stock market trends.[32] 

Remote sensing.[33] 

Medicine [34] 

 

Support Vector 

Machines 

face detection, [35] 

image classification, [36] 

handwriting recognition, [37] 

Artificial Neural 

Networks 

Typed character recognition [38] 

Image processing [39] 

Aircraft navigation [40] 

Speech synthesis [41] 

K-Nearest 

Neighbours 

recommended systems [42] 

search applications [43] 

IV. MACHINE LEARNING APPLICATIONS 

Three of the most important applications that utilize machine 

learning are image processing, speech recognition, and text 

interpretation. 

1. Image Recognition 

The most important requirement for a machine when it comes 

to image processing is - similar to human vision and thinking - 

to be able to interpret the images made available to it and to 

recognize various objects on these. This process is also called 

labelling and this is one of the most widely applicable areas of 

artificial intelligence 

2. Speech Recognition 

Voice/speech recognition allows machines to interpret human 

speech and voices from other sources. This enables us to 

handle our smart devices more quickly and more comfortably, 

and to give our devices the ability to recognize sounds. 

3. Text interpretation 

The process of text interpretation basically means information 

retrieval from large amounts of text-based data. Natural 

language processing (NLP) is essential for this procedure, 

which enables the machine to understand and process everyday 

language manifestations. Without this, computers might be 

able to understand the meaning of each word, but NLP helps 

machines to interpret words in context 

 

TABLE II. MACHINE LEARNING APPLICATIONS 

 

Application 

Domain 

Applications Used Classification 

methods 

Image 

Processing 

Image processing 

and machine 

learning in the 

morphological 

analysis of blood 

cells [44] 

Neural Networks, 

Decision Trees, and 

Support Vector 

Machines 

Horizon Detection 

Using Machine 

Learning 

Techniques [45] 

SVM, J48, and 

naive Bayes 

classifiers 

Image Processing 

and Machine 

Learning for 

Automated Fruit 

Grading System 

[46] 

Support vector 

machines, K- 

Nearest neighbour 

Artificial Neural 

Network, C4.5 

Image Processing- Support Vector 

Based Detection 

of Pipe Corrosion 

Using Texture 

Analysis and 

Metaheuristic-

Optimized 

Machine Learning 

Approach [47] 

Machines  

Speech 

Recognition 

 

 

Automatic bird 

species 

recognition based 

on birds 

vocalization [48] 

hidden Markov 

model,  

K- Nearest 

neighbour 

Text 

Interpretation 

Multi-class 

Document 

Classification 

using Support 

Vector Machine 

(SVM) Based on 

Improved Naïve 

Bayes 

Vectorization 

Technique [49] 

SVM, Naïve Bayes 

Sentiment 

Analysis on 

Twitter Data [50] 

SVM, Naïve Bayes 

Machine Learning 

Methods For 

Spam E-Mail 

Classification [51] 

Bayesian 

classification, k-

NN, ANNs, SVMs 

V. CONCLUSION 

In this study various popular classification techniques of 

machine learning have been discussed with their basic 

information, advantages, disadvantages & applications. The 

discussed classification techniques can be implemented on 

different type of data set i.e., health, financial, educational etc. 

It is difficult to find out which technique is superior to other 

because each technique has its own merits, demerits and 

applications. The selection of classification technique depends 

on user problem domain. So, we can conclude special features 

of different classification techniques from above study.  

Naive Bayes classifier has been widely used in many 

classification problems, especially when the dimensionality of 

the features is high. SVM has capability to deal with wide 

variety of classification problems includes high dimensional 

and not linearly separable problems. KNN is used in search 

applications where “similar” items are searched by the user. 

Neural networks are used when the exact nature of the 

relationship between inputs and output is not known. A key 

feature of neural networks is that they learn the relationship 

between inputs and output through training. Logistic 

regression is used extensively in numerous disciplines, 

including the medical and social science fields. Decision tress 

can deal with both categorical and numerical data, it may have 

an overfitting issue. Random forest enhances the accuracy of 

the model and prevents the overfitting issue. It is capable of 

handling large datasets with high dimensionality. The most 

interesting feature of Bayesian Networks, compared to 

decision trees or neural networks, is most certainly the 

possibility of taking into account prior information about a 

given problem, in terms of structural relationships among its 

features. Stochastic gradient descent is a very common 

algorithm used in various machine learning algorithms, and 

most importantly, it forms the basis of neural networks. Naïve 

Bayes Classifier, Support Vector Machine, and Logistic 

Regression algorithms are good to use for small datasets. 

Stochastic gradient descent and K-Nearest Neighbours 

algorithms are effectively working for large datasets. From 
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Table II, Support Vector Machine and decision tree classifiers 

are commonly used algorithms in the image processing 

domain. In-text interpretation Support Vector Machine and 

Naïve Bayes have commonly used classification algorithms. 

So according to Table I and Table II Support Vector Machine 

has wide range of applications but it is especially good for 

image processing and naïve bayes is good for text 

interpretation. 

In this study, we have compared classification methods 

theoretically. We can apply them on different types of data sets 

having different types of input types like images, text and 

voice and properties and can attain a best result by knowing 

that which algorithm will give the best result on a specific type 

of data set. We can compare them practically to check the 

efficiency of each algorithm and decide which algorithm is 

best for which application. 
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