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Abstract

Supervised classification is one of the tasks most frequently carried out by the intelligent systems. Supervised Machine
Learning (SML) is the search for algorithms that reason from externally supplied instances to produce general
hypotheses, which then make predictions about future instances. This paper; compares various supervised. Seven
different machine learning algorithms were considered: Decision Table, Random Forest (RF) , Naive Bayes (NB) ,
Support Vector Machine (SVM), Neural Networks (Perceptron), JRip and Decision Tree (J48)1. And also reviews various
Supervised Machine Learning (ML) classification techniques with the aim of identifying the Best and Error free
algorithm.

Keywords: Machine Learning; Classifiers; Data Mining Techniques; Data Analysis; Learning Algorithms; Supervised
Machine Learning

1 Introduction

Machine learning is one of the fastest growing areas of computer science, with far-reaching applications. It refers to the
automated detection of meaningful patterns in data. Machine learning tools are concerned with endowing programs
with the ability to learn and adapt (Shai et al 2014).

Machine Learning has become one of the mainstays of Information Technology and with that, a rather central, albeit
usually hidden, part of our life. With the ever increasing amounts of data becoming available there is a good reason to
believe that smart data analysis will become even more pervasive as a necessary ingredient for technological progress.

There are several applications for Machine Learning (ML), the most significant of which is data mining. People are often
prone to making mistakes during analyses or, possibly, when trying to establish relationships between multiple features
(Lemnaru, 2012).

Data Mining and Machine Learning are Siamese twins from which several insights can be derived through proper
learning algorithms. There has been tremendous progress in data mining and machine learning as a result of evolution
of smart and Nano technology which brought about curiosity in finding hidden patterns in data to derive value. The
fusion of statistics, machine learning, information theory, and computing has created a solid science, with a firm
mathematical base, and with very powerful tools.

Machine learning algorithms are organized into a taxonomy based on the desired outcome of the algorithm. Supervised
learning generates a function that maps inputs to desired outputs.
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Unprecedented data generation has made machine learning techniques become sophisticated from time to time. This
has called for utilization for several algorithms for both supervised and unsupervised machine learning. Supervised
learning is fairly common in classification problems because the goal is often to get the computer to learn a classification
system that we have created (Taiwo, O. A. (2010)..

ML is perfectly intended for accomplishing the accessibility hidden within Big Data. ML hand over’s on the guarantee of
extracting importance from big and distinct data sources through outlying less dependence scheduled on individual
track as it is data determined and spurts at machine scale. Machine learning is fine suitable towards the intricacy of
handling through dissimilar data origin and the vast range of variables as well as amount of data concerned where ML
prospers on increasing datasets. The extra data supply into a ML structure, the more it be able to be trained and concern
the consequences to superior value of insights. At the liberty from the confines of individual level thought and study,
ML is clever to find out and show the patterns hidden in the data (Pradeep, 2017).

One standard formulation of the supervised learning task is the classification problem: The learner is required to learn
(to approximate the behavior of) a function which maps a vector into one of several classes by looking at several input-
output examples of the function. Inductive machine learning is the process of learning a set of rules from instances
(examples in a training set), or more generally speaking, creating a classifier that can be used to generalize from new
instances. The process of applying supervised ML to a real-world problem is described in Figure 1.
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Figure 1 The Processes of Supervised Machine Learning (Osisanwo et al; 2019)
This work focuses on the classification of ML algorithms and determining the most efficient algorithm with highest
accuracy and precision. As well as establishing the performance of different algorithms on large and smaller data sets

with a view classify them correctly and give insight on how to build supervised machine learning models.

The remaining part of this work is arranged as follows: Section 2 presents the literature review discussing classification
of different supervised learning algorithms; section 3 gives the conclusion and recommendation for further works.
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2 Literature review

2.1 (Classification of Supervised Learning Algorithms

According to Taiwo, 2010, the supervised machine learning algorithms which deals more with classification includes
the following: Linear Classifiers, Logistic Regression, Naive Bayes Classifier, Perceptron, Support Vector Machine;
Quadratic Classifiers, K-Means Clustering, Boosting, Decision Tree, Random Forest (RF); Neural networks, Bayesian
Networks and so on.

2.1.1  Linear Classifiers

Linear models for classification separate input vectors into classes using linear (hyperplane) decision boundaries (Good,
1951). The goal of classification in linear classifiers in machine learning is to group items that have similar feature
values, into groups. Timothy, (2018)Stated that a linear classifier achieves this goal by making a classification decision
based on the value of the linear combination of the features. A linear classifier is often used in situations where the
speed of classification is an issue, since it is rated the fastest classifier Timothy, (2018)Also, linear classifiers often work
very well when the number of dimensions is large, as in document classification, where each element is typically the
number of counts of a word in a document. The rate of convergence among data set variables however depends on the
margin. Roughly speaking, the margin quantifies how linearly separable a dataset is, and hence how easy it is to solve a
given classification problem (Setiono et al, 2020),

2.1.2  Logistic regression

This is a classification function that uses class for building and uses a single multinomial logistic regression model with
a single estimator. Logistic regression usually states where the boundary between the classes exists, also states the class
probabilities depend on distance from the boundary, in a specific approach. This moves towards the extremes (0 and 1)
more rapidly when data set is larger. These statements about probabilities which make logistic regression more than
just a classifier. It makes stronger, more detailed predictions, and can be fit in a different way; but those strong
predictions could be wrong. Logistic regression is an approach to prediction, like Ordinary Least Squares (OLS)
regression. However, with logistic regression, prediction results in a dichotomous outcome. Logistic regression is one
of the most commonly used tools for applied statistics and discrete data analysis. Logistic regression is linear
interpolation (Newsom, 2015).

2.1.3  Naive Bayesian (NB) Networks

These are very simple Bayesian networks which are composed of directed acyclic graphs with only one parent
(representing the unobserved node) and several children (corresponding to observed nodes) with a strong assumption
of independence among child nodes in the context of their parent (Good, 1951).Thus, the independence model (Naive
Bayes) is based on estimating (Nilsson, 1965). Bayes classifiers are usually less accurate that other more sophisticated
learning algorithms (such as ANNs).However,Domingos, P. &Pazzani, M. (2020) performed a large-scale comparison of
the naive Bayes classifier with state-of-the-art algorithms for decision tree induction, instance-based learning, and rule
induction on standard benchmark datasets, and found it to be sometimes superior to the other learning schemes, even
on datasets with substantial feature dependencies. Bayes classifier has attribute-independence problem which was
addressed with Averaged One-Dependence Estimators (Hormozi et al, 2012).

2.1.4  Multi-layer Perceptron

This is a classifier in which the weights of the network are found by solving a quadratic programming problem with
linear constraints, rather than by solving a non-convex, unconstrained minimization problem as in standard neural
network training (Taiwo, 2010).0ther well-known algorithms are based on the notion of perceptron (Rosenblatt, 2018).
Perceptron algorithm is used for learning from a batch of training instances by running the algorithm repeatedly
through the training set until it finds a prediction vector which is correct on all of the training set. This prediction rule
is then used for predicting the labels on the test set (Kotsiantis, 2017).

2.1.5  Support Vector Machines (SVMs)

These are the most recent supervised machine learning technique [24].Support Vector Machine (SVM) models are
closelyrelated to classical multilayer perceptron neural networks.SVMs revolve around the notion of a —margin||—
either side of a hyperplane that separates two data classes. Maximizing the margin and thereby creating the largest
possible distance between the separating hyperplane and the instances on either side of it has been proven to reduce
an upper bound on the expected generalisation error (Vapnik, 1995).
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2.1.6 K-means

According to Bishop, (1995) and Tapas Kanungo, (2002).K-means is one of the simplest unsupervised learning
algorithms that solve the well-known clustering problem. The procedure follows a simple and easy way to classify a
given data set through a certain number of clusters (assume k clusters) fixed a priori.K-Means algorithm is be employed
when labeled data is not available (Alex et al,2008).

2.1.7 Decision Trees

Decision Trees (DT) are trees that classify instances by sorting them based on feature values. Each node in a decision
tree represents a feature in an instance to be classified, and each branch represents a value that the node can assume.
Instances are classified starting at the root node and sorted based on their feature values (Kotsiantis, 2017).Decision
tree learning, used in data mining and machine learning, uses a decision tree as a predictive model which maps
observations about an item to conclusions about the item's target value. More descriptive names for such tree models
are classification trees or regression trees (Hastie et al, 2001). Decision tree classifiers usually employ post-pruning
techniques that evaluate the performance of decision trees, as they are pruned by using a validation set. Any node can
be removed and assigned the most common class of the training instances that are sorted to it (Kotsiantis, 2017).

2.1.8  Neural Networks

[2]opined Neural Networks (NN) that can actually perform a number of regression and/or classification tasks at
once,although commonly each network performs only one. In the vast majority of cases, therefore, the network will
have a single output variable, although in the case of many-state classification problems, this may correspond to a
number of output units (the post-processing stage takes care of the mapping from output units to output
variables).Artificial Neural Network (ANN) depends upon three fundamental aspects, input and activation functions of
the unit, network architecture and the weight of each input connection. Given that the first two aspects are fixed, the
behavior of the ANN is defined by the current values of the weights. The weights of the net to be trained are initially set
to random values, and then instances of the training set are repeatedly exposed to the net. The values for the input of
an instance are placed on the input units and the output of the net is compared with the desired output for this instance.
Then, all the weights in the net are adjusted slightly in the direction that would bring the output values of the net closer
to the values for the desired output. There are several algorithms with which a network can be trained (Neocleous C.
&Schizas C. (2002).

2.1.9  Bayesian Network

A Bayesian Network (BN) is a graphical model for probability relationships among a set of variables (features). Bayesian
networks are the most well-known representative of statistical learning algorithms (Kotsiantis, 2017). The most
interesting feature of BNs, 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 (Kotsiantis,
2017). A problem of BN classifiers is that they are not suitable for datasets with many features (Cheng et al, 2002). This
prior expertise, or domain knowledge, about the structure of a Bayesian network can take the following forms:

Declaring that a node is a root node, i.e., it has no parents.

Declaring that a node is a leaf node, i.e., it has no children.

Declaring that a node is a direct cause or direct effect of another node.
Declaring that a node is not directly connected to another node.
Declaring that two nodes are independent, given a condition-set.

2.2 Features of Machine Learning Algorithms Supervised machine learning techniques are

Applicable in numerous domains. A number of Machine Learning (ML) application oriented papers can be found in
Setiono et al, (2020) and Witten et al, (2005).

Generally, SVMs and neural networks tend to perform much better when dealing with multi-dimensions and continuous
features. On the other hand, logic-based systems tend to perform better when dealing with discrete/categorical features.
For neural network models and SVMs, a large sample size is required in order to achieve its maximum prediction
accuracy whereas NB may need a relatively small dataset.

There is general agreement that k-NN is very sensitive to irrelevant features: this characteristic can be explained by the

way the algorithm works. Moreover, the presence of irrelevant features can make neural network training very
inefficient, even impractical. Most decision tree algorithms cannot perform well with problems that require diagonal
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partitioning. The division of the instance space is orthogonal to the axis of one variable and parallel to all other axes.
Therefore, the resulting regions after partitioning are all hyperrectangles. The ANNs and the SVMs perform well when
multi-collinearity is present and a nonlinear relationship exists between the input and output features.

Naive Bayes (NB) requires little storage space during both the training and classification stages: the strict minimum is
the memory needed to store the prior and conditional probabilities. The basic kNN algorithm uses a great deal of storage
space for the training phase, and its execution space is at least as big as its training space. On the contrary, for all non-
lazy learners, execution space is usually much smaller than training space, since the resulting classifier is usually a highly
condensed summary of the data. Moreover, Naive Bayes and the kNN can be easily used as incremental learners whereas
rule algorithms cannot. Naive Bayes is naturally robust to missing values since these are simply ignored in computing
probabilities and hence have no impact on the final decision. On the contrary, kNN and neural networks require
complete records to do their work.

Finally, Decision Trees and NB generally have different operational profiles, when one is very accurate the other is not
and vice versa. On the contrary, decision trees and rule classifiers have a similar operational profile. SVM and ANN have
also a similar operational profile. No single learning algorithm can uniformly outperform other algorithms over all
datasets.

Finally, Decision Trees and NB generally have different operational profiles, when one is very accurate the other is not
and vice versa. On the contrary, decision trees and rule classifiers have a similar operational profile. SVM and ANN have
also a similar operational profile. No single learning algorithm can uniformly outperform other algorithms over all
datasets.

Different data sets with different kind of variables and the number of instances determine the type of algorithm that
will perform well. There is no sing

3 Conclusion and Recommendation

ML classification requires thorough fine tuning of the parameters and at the same time sizeable number of instances for
the data set. It is not a matter of time to build the model for the algorithm only but precision and correct classification.
Therefore, the best learning algorithm for a particular data set, does not guarantee the precision and accuracy for
another set of data whose attributes are logically different from the other.

However, the key question when dealing with ML classification is not whether a learning algorithm is superior to others,
but under which conditions a particular method can significantly outperform others on a given application problem.

Meta-learning is moving in this direction, trying to find functions that map datasets to algorithm performance
(Neocleous, 2002). To this end, meta-learning uses a set of attributes, called meta-attributes, to represent the
characteristics of learning tasks, and searches for the correlations between these attributes and the performance of
learning algorithms. Some characteristics of learning tasks are: the number of instances, the proportion of categorical
attributes, the proportion of missing values, the entropy of classes, etc.

Brazdil, (2003) provided an extensive list of information and statistical measures for a dataset. After a better
understanding of the strengths and limitations of each method, the possibility of integrating two or more algorithms
together to solve a problem should be investigated. The objective is to utilize the strengths of one method to complement
the weaknesses of another. If we are only interested in the best possible classification accuracy, it might be difficult or
impossible to find a single classifier that performs as well as a good ensemble of classifiers.SVM, NB and RF machine
learning algorithms can deliver high precision and accuracy regardless of the number of attributes and data instances.
Therefore, ML algorithms require precision, accuracy and minimum error to have supervised predictive machine
learning.
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