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Abstract:

Artificial intelligence is playing vital role in various domains presently. Multiclass
classification is an important task of Al. The concept of multiclass classification has been
adopted in various domains such as medical science, banking sector, corporate, cyber
security etc. Still researchers are applying such concept in different fields and trying to
enhance the accuracy and efficiency of the models. The efficiency and accuracy of models
are depend on various factors of such as dataset, selection of features, selection of algorithms,
selection of hyper-parameters. The main objective of this paper is to present the various
machine learning algorithms that are used for multiclass classification besides their merits
and demerits. The present study also states the various research gaps in the existing
multiclass classification models that are need to be resolved. This study will be useful to the
researchers who are applying the multiclass classification in a specific domain to classify the
data with great accuracy and efficiently. [ The efficacy of models used for classification,
recognition, diagnosis, or clustering of data of different domains is determined by their
performance in real-world applications. Evaluating such  models require detail
understanding of their underlying equations and features to discern whether they perform
"well" or "poorly." Such methods have become increasingly important to researchers in
recent years. While a wide range of statistical methods has been applied, there remains a
gap in guiding researchers toward the most appropriate method for their specific
applications. This paper collects and analyzes the most significant classification methods
used in research. It provides a comparative analysis of these methods, focusing on their
mathematical foundations, purposes, and limitations. The study highlights that feature
selection plays a significant role in classification performance, and the results provide
guidance on selecting features for classification, recognition, diagnosis, or clustering
tasks.]

Keyword: Data collection, Feature extraction; Classification, Classification, Recognition,
Diagnosis, Clustering.

Introduction

Classification is a supervised machine learning technique in which an unseen data sample is
assigned to a appropriate class [1]. The concept of multiclass classification is presented in the
figure 1. Initially dataset is loaded into the memory. There are two methods of collecting data
[2]: Quantitative data collection which is based on taking tools to collect structured data
appropriate for the expertise of the categories of predefined responses and random sampling,

which results in results that are easy to abstract, compare and published [2]. and Qualitative
data collection which is a process plays a paramount role in effect assessment by providing
useful data to understand methods based on observable outcomes and change assessment [3].
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The researcher must register data systematically to ensure it is useful and accurate through
observations, field notes, photography, and other appropriate means. Methods of collecting
data must take into account research ethics. Several methods for collecting information for
research projects include [2, 3]: Questionnaires, Portfolios, Direct observations, Inter views,
Focus group interviews, Case-studies, Critical incidents, Diaries, Document and other
materials.

Loaded data is required to preprocess first. Preprocessing is an essential task in data analysis.
Various tasks such as find and replace missing values, normalize the data and identify the
outlier are performed at this point.

Features selection is a way of opting the attributes that are useful in predictive analysis and
leave the irrelevant features. It enhance the predictive accuracy. The goal of this study is to
compare the performance of classification methods regarding feature selection, particularly
when the size of training patterns is limited, and the number of features is significant. We
consider various algorithms to identify common features that optimize classification
performance.

Dataset is partitioned into two disjoint sets namely training dataset and test datasets. Since
multiclass classification is a supervise machine learning techniques where each samples has
class label. Multiclass classification based models are trained with the help of training
dataset. Once the model is trained, it is evaluated with the help of test dataset. Model’s
performance is evaluated on various predictive performance metrics.
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Figurel: Block diagram of Multiclass classification task
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This section briefly describes the various multiclass classification techniques that have been
applied in various domain to classify the unknown sample into the correct class.

A K-Nearest Neighbors (KNN) Classifier: This classifier has been shown to be efficient in
action recognition studies. It selects the class relative to the instance under question using the
Euclidean distance metric in the multidimensional feature space. Many studies utilize the
KNN classifier because of its implementation simplicity, flexibility, and the fact that it allows
for analysis of the classification resolution [4, 5]. KNN is one of the oldest non-parametric
classification techniques. To classify an unknown example, the distance is measured (using
measures such as Euclidean distance) to the training examples. The shortest distances of $k$
are specified, and the most frequent category among these neighbors is assigned as the output
class. The $k$ value is typically determined using a validation set [6].

Support vector machines method: SVMs are among the most robust and effective
classification techniques [7]. They are established based on the concept of maximizing the
margin, i.e., maximizing the minimum distance from the separating hyperplane to the nearest
example. The basic SVM supports only binary classification, but extensions [8] have been
suggested to deal with multiclass classification states. In these extensions, further parameters
and constraints are added to the optimization problem to handle the segmentation of various
categories [7].

Decision Tree Method: Decision trees are a powerful classification method. They construct a
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binary classification tree where every node corresponds to a binary predicate on one feature;
one branch corresponds to the positive cases of the predicate and another to the negative
cases. Every node corresponds to a sequence of predicates and their values appearing on the
descending path from the root. Every leaf is categorized by a class. To predict the class label
of an input, a path to a leaf is traced based on the value of the predicate at every node visited.
The predicates are selected by calculating the information gain of every feature, which is the
expected decrease in entropy created by splitting the samples based on the feature [9].

Naive Bayes Method: Naive Bayes is an effective classifier depends on the standard of
Maximum A Posteriori (MAP). Specified a trouble with K categories {C1, . .., CK} with
so- called previous probabilities P(C1), . . ., P(CK), we can specify the category label ¢ to an
obscure example with characters x = (x1, . . ., xXN ) like ¢ = argmaxcP(C = ckx1, ..., xN),
that is select the category with the maximum a rear probability specific the observed
information. This aposterior eventuality can be subedit, by Bayes algorithm, as follows: P(C
=c\x1, ..., xN ) =P (C=c)P (x1,...xN\C=c¢) /P (x1,...,xN ) . Where the denominator is
the same for whole categories, it can be discarded from the comparison. We will count the
supposed category conditional probabilities of the characters specified the obtainable
categories. This can be completely complicated taking into computation the dependencies
among characters. The naive bayes method is to presume category conditional independence

i.e. x1, ..., xN are independent given the category. This facilitates the numerator to be P(C
=c)P(xI\\C =¢). . . P(xN \\C = ¢), and then selecting the category c that maximizes this value
total the categories ¢ = 1, . . ., K. Clearly this method is surely extensible to the state of

having more than two categories, and was obvious to implement quite despite of the
underlying simplifying suggestion of conditional independence [10].

C4.5 Classifier: This algorithm is an improvement of the ID3 algorithm developed by Ross
Quinlan. C4.5 addresses both categorical and continuous attributes in decision tree
construction. To handle continuous features, C4.5 splits attribute values into two sections
based on a specified threshold. It also deals with missing feature values. C4.5 uses “gain
ratio” rather than just information gain) as a measure to determine the best features to create a
decision tree [11].

Genetic algorithm: Genetic algorithms aim to obtain the best appropriate parameters utilizing
the technique of genetic evolution and survival of the fittest in natural selection. They permit
the removal of false provisions in algorithms and improve the accuracy of text classification.
This is a global algorithm for potential optimization, mimicking biological evolution. It is
widely utilized for its simplicity and power. Currently, many researchers utilize this method
to improve text classification [12].

Neural Network: The ANN, which is commonly called the neural network (NN), is a
mathematical pattern or arithmetic pattern depends on the biological neural networks, in
another word, a simulation of the biological nervous system. It comprise of a coherent set of
artificial neurons processing data utilizing a contact method to calculate. In generality status,
ANN is an adaptive method that converts its structure depends on the outside or inside data
that streams over the network through the learning stage [13].
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Fuzzy Logic: Fuzzy logic is a decision-making process used for expert systems and
operational rules. Classical Boolean logic varies from Fuzzy logic in that Fuzzy logic allows
partial membership in a group. Classical Boolean logic has only two values: a member either
belongs or does not belong (1 or 0). Fuzzy logic allows partial membership, which may be
any value between zero and one, representing a degree of membership [14].

K-Means Classifier: K-Means is a clustering algorithm (unsupervised learning technique) that
automatically creates groups. Items possessing similar characteristics are placed in the same
group. The algorithm is called k-means because it creates $k$ distinct clusters. The average
of the values in a certain group acts as the center (centroid) of that group [15].

Bayesian Classifier: Bayesian classifiers are statistical classifiers. They can predict the
probability of class membership, such as the probability that a certain instance belongs to a
particular category. The classification is based on Bayes' theorem. Bayesian classifiers have
shown high accuracy and speed when applied to large databases [16].

ID3 Decision Tree Classifier: The ID3 algorithm uses one of the attributes to be the root of
the tree and to create a sub node for each possible value of the attributes. If the node is not a
sheet, the selection process is repeated and a sub-contract is created through the training data
set, otherwise the process of splitting this section of the tree will end. When the decision tree
is finished, a new test state is predicted by comparing the values of the new state attributes
with the tree nodes starting from the main root down to the prediction value. The ID3
algorithm uses the Entropy code and wins the information gain to calculate and determine the
most appropriate attribute of the division [17] : Entropy(s) [0 [ fi7 logy fi1 O f77 logn

0

Entropy is calculated for each value of the values of the studied attribute:
Where:

S: Value of studied character

f +: Percentage of positive cases at the value of the studied character (number of positive
cases / total number of cases)

f —: Number of negative cases at the value of the studied character (number of negative cases
/ total number of cases)

The general information gain (for the whole dataset) is calculated:
Info(main)=-f(+)/ (f + m) *log2 (ft+)/ (f + m))-f(-)/ (£+ m) *[ 542  (£O)/(f+ m )
Information gain is calculated for each value of the studied attribute values:
Info(Attrib) = f(s)/ (total)* Entropy(Attrib)

Where:

f: positive ratio ratio f

m: negative character ratio M S: Value of studied character

https://internationalpubls.com 263



Communications on Applied Nonlinear Analysis

ISSN: 1074-133X

Vol 33 No. 1s (2026)

is calculated Gain (Attrib) = Info (main) - info (Attrib)

, thus selecting the highest profit.

Linear Discriminant Analysis: LDA is a well-known method used to determine sample
groups in a specific set of data. It attempts to separate groups (data classes) with a linear
function so that the classes are as far apart as possible, while maintaining the distance
between individual data samples within a single category as small as possible. The method
assumes that the data in each class is normally distributed, but it is still applied successfully
in many pattern recognition issues [18].

Quadratic Discriminant Analysis: As the name suggests, QDA is closely related to LDA.
However, QDA does not assume that the covariance of each class is identical. Instead of a
linear function separating the groups, QDA uses a quadratic function. It can be considered a
generalization of LDA. Due to the more complex boundaries, it requires more computational
time [19].

PCL Classifier: PCL is based on the idea of emerging patterns. It requires a feature selection

process before the pattern is established. Selected features are discretized. Emerging patterns
are then derived from the discretized training data. An emerging pattern is a set of conditions
involving various features where most patterns of one class satisfy the conditions, but
patterns of other classes do not. Thus, an emerging pattern acts as a multi-feature
discriminator. PCL uses feature sets and does not assume feature independence; it can
provide more than just a prediction, offering interpretable basics [20].

Comparative analysis of multiclass classification

In this section the Explained multiclass classification techniques have been compared and
shows their suitability in classification task.

Table (1): Comparison of multiclass classification methods

Comparative analysis of multiclass classification Algorithms

INO|Classification  [Positive aspect Limitations
Algorithms

It is ease of understanding  [Slow Process
Classification time is lengthy

1 |KNN Training is so quick. tricky to obtain the optimal value

3. strong for noisy training
data.
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1. most active ways in
classification, especially]
common in text classification

2. contrast with ANN, it
takes the basic characters of
the data.

3. Gives great efficiency in|
classification

More difficult to classify

2. Tricky to explain for resolve, parameter
sample.

3. There is a need for a number of key)|
parameters to get the best rating result

3 |Decision tree

1. The decision tree has a
stellar velocity of learning
and velocity of classification.

2. Backing transparence of]
knowing /classification.

Backing multi- classification.

1. A small number of difference in the
data can imply so various looking trees.

2. Development of a decision tree may do
affect very for unnecessary attributes. ke
predicaments of XOR, parity or
multiplexer.

4 [Naive Bayes

1. To improve the|
classification execution by
eliminating the unrelated
options.

performance is good

3. The calculation time is
short

1. it needs a great number of registers in
order to get good results

2. Requires adjustment of its threshold|
values

1. appropriat for real -world|
problems.

address lost values

More easy rules.

6 algorithm

2. Requires high training samples
5 IC4.5 3.Unsatisfactory in practice
3. Divide the statement high
accurately
1. it can get the bestl. The difficulty of reaching a good way|
solutions in a quite short timejof guidance reflects in fact the work of the
2. The random mutation Italgorlthm
fairly guaranteed extent that2. It may not find the optimal resolution|
we view a great range offor the issue specified in all status.
solutions 3. Difficult to choose parameters like
3. Its coding is simplepopulation sizes a number of generations,
compared with otheretc.
algorithms that perform the
Genetic VEry process
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7 |ANN

1. In complex the range, it
supplies good result

best for continued domain

3. The testing operation is
speedy

Slow in the training process

8 [Fuzzy logic

1. The notions of
mathematics used in fuzzy|
reasoning are easy. Fuzzy|
logic notions are simple to
understand.

2. Fuzzy logic is elastic for
any system and is easy to
gather  more functions
without starting from the
start and easy management

3. Fuzzy logic  afford
inaccurate data.
4. Fuzzy logic may be

merged with standard control
ways.

5. Fuzzy logic is depended
on natural language.

Fuzzy logic is a and an appropriate method
to set the input range to the output range,
but it may not be comfortable in all
conditions. If there is a simpler solution,
ambiguous logic may not be advisable

9 |K-mean

1. Computational complexity
is low

Simple and easy

1. Depends large number of

parameters

on a

2. This way does not guarantee the best
solution

implementation

3.Dealing with a total of data
on a large scale

3.Failure with sets nonlinear data

1. Bayesian classifiers are

neural network classifiers.

This Very high accuracy

efficient as decision trees andcomplex Bayes are often characterized by

1. Calculations and probabilities using aj

accuracy and caution must be taken to
calculate them correctly

The calculate can be NP-hard
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shows a very high speed 3. The quality of the results depends on
the quality of the beliefs or the previous
model

4. The independence of the

4. All sections should be calculated for
saved layer appears

the possibility of one branch calculate
5. Simplifies the arithmetic

process

10 Bayesian

1. It produces s a highSearch time is long
precision algorithm of the

C4.5 algorithm.
2. It takes a large amount of memory,

which is bigger than the C4.5algorithm to
execute a large program

2. It gives omission rate
decreased and false alarm|
rate , Increases detection rate
and reduces space
consumption

3. ID3 algorithm use
nominal attributes for
classification with no

11 D3 S
missing values

It work for searches for alllomplex matrix
vectors in the underlying
space and find the best
12 LDA discriminate among classes

Close to LDA but no here isymplex matrix
no assumption that the
covariance of each of the
13 QDA classes is identical, more]
accurate.

Used convert data from|
14 IPCL higher- ' dimepsional into a
lower-dimensional space

Discussion
[describe table here]
Conclusion

Extensive review of literature revealed that multiclass classification can be useful tool in the
present scenario for classification of various data belongs to different domain. Various
machine learning algorithm have been applied along with hybrid models. Such models shows
outstanding performance at the time of classification. However there are still various domains
where the concept of multiclass classification may be applied to infer useful information that
can be used for the betterment of society, organizations and environment.
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