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Abstract

The explosion of big data in many fields has posed very demanding challenges of processing,
analysing, and deriving meaningful insights out of large and intricate data. The classification
algorithms of machine learning has become an important tool of working with such data, as it
allows finding the patterns, relations, and predictive results. Nonetheless, these algorithms have
varying performances based on the data characteristics, computational resources as well as the
scalability requirements. This paper will compare and contrast the performance of chosen
machine learning classification algorithms in big data set-ups. The study concentrates on popular
models, such as Decision Trees, Random Forest, Support Vector Machines (SVM), Neural
Networks, and Naive Bayes. The descriptive analytical method is followed based on secondary
sources and already published research. The key performance metrics used during the evaluation
are the classification accuracy, computational efficiency, scalability, and training time. The
research also takes into account the influence of distributed computing frameworks, e.g., Apache
Spark, on enhancing the performance of algorithms. The results will provide an important insight
into the variation of algorithm performance based on the data characteristics. It is expected that
the ensemble methods and deep learning models will be more accurate, whereas simpler models
such as Naive Bayes will have lower accuracy and faster training time. The research offers much
information to scholars and practitioners on how to choose the proper classification algorithms

in big data applications.
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Introduction

The fast development of digital technologies and the extensive use of internet-based services
have resulted in a greater generation of data that has never been experienced before, and is often
called big data. This huge amount of data is generated by a variety of sources including social
media platforms, healthcare systems, smart cities, and online transactions. Consequently, the
problem of deriving valuable insights out of such massive and complicated data sets has become

very critical to the work of both researchers and organizations.

Machine learning classification algorithms have become a crucial instrument of interpreting big
data and converting it to practical knowledge. These algorithms are extensively applied to detect
concealed patterns, correlations, as well as aid decision-making in various areas. As an example,
the decision trees, Support Vector Machines (SVM), Neural Networks, and Naive bayes are
classification techniques that are typically used to evaluate the structured and unstructured data

effectively (Punia et al., 2021).

Nevertheless, conventional classification algorithms are highly challenged by the nature of big
data such as large volume, rapid data, and data diversity. These issues have created the need to
create and analyze scalable and efficient models that can support large-scale data environments.
Moreover, the incorporation of distributed computing systems like Apache Spark has also
improved the capacity of machine learning algorithms to work with big data more efficiently (Wei

et al., 2021).

In this regard, it will be important to determine how well the various classification algorithms
perform to assess whether they are viable to use in big data applications. The accuracy,
computational efficiency, scaling, and training time are some of the performance metrics that can
be used to determine the most suitable algorithm to use in specific tasks. Thus, this paper seeks
to compare and contrast the performance of different classification algorithms in big data settings

to give an understanding of their advantages and shortcomings.

Background



Big data is a large and complex set of data that cannot be analyzed by conventional methods of
data processing. These datasets are generally defined by the famous 3 Vs: volume, velocity and
variety. As more and more people start to rely on data-driven decision-making, machine learning
methods have become essential in the management and processing of such data in the most

efficient manner.

Machine learning relies heavily on classification algorithms, which are required to categorize data
based on established categories according to the patterns found. These algorithms are very
important in transforming the unstructured data into the structured and meaningful data in big
data environment. In our case, social media, including Twitter, produce large volumes of
unstructured data that can be processed with classification algorithms to derive valuable

information (Punia et al., 2021).

A number of studies have emphasized the need to test classification algorithms using an array of
performance measures. The most important metrics are believed to be accuracy and training
time, which can be used to measure the effectiveness of such algorithms. A study conducted by
Akinola and Oyabugbe (2015) revealed that Naive Bayes has a shorter training time, but lower
accuracy than other more complex models like neural networks and decision trees. This

underscores the efficiency versus predictive performance trade-off.

In addition, the integration of distributed computing models has also enhanced the scalability of
classification algorithms in big data settings to a great extent. As an example, the algorithms like
Random Forest and Naive Bayes have been demonstrated to be efficient when run on the
platform like Apache Spark, and their performance might differ depending on the size of the data
sets and cluster setup (Hai et al., 2017). These results highlight the necessity of putting scalability

and resource use with accuracy into consideration.

Moreover, comparative analysis of classification algorithms has also shown that there is no one
algorithm that is always more effective than others based on all kinds of data. Rather, an algorithm
can perform well based on its data structure, feature selection and preprocessing methods. Thus,
to choose the right classification model, one must be fully aware of the features of the dataset

and the environment in which the computations are performed (Wei et al., 2021).



To conclude, the current problem of big data becoming increasingly more complex has rendered
the examination of classification algorithms extremely important, not only in regards to their
accuracy but also to their scalability, efficiency, and adaptability. It is based on this that a
systematic performance analysis of classification algorithms within big data environments can be

performed.
Problem Statement

The accelerating development of big data in various fields, including social media, smart cities,
healthcare, and network security, has led to the fact that the efficient classification algorithms
are required which can work with large and complicated datasets. Different machine learning
algorithms like Decision Trees, Random Forest, and Support Vector Machines have been
extensively applied to classification problems because they are easy to understand and have
comparatively less computational demands. Nevertheless, as the volume, velocity and quantity
of big data increases, these conventional methods might have restrictions on scalability and

processing speed.

Recently, the research on the usage of advanced machine learning and deep learning models to
enhance the quality of classification in a large data setting has been examined. Indicatively,
Samson (2024) contrasted classical machine learning algorithms with deep learning models and
discovered that in highly nonlinear and unstructured data, deep learning models are more
effective and use large amounts of computing power and hardware acceleration. On the same
note, a study by Punia et al. (2021) has established that machine learning models can efficiently
handle big amounts of unstructured data gathered with the help of social media platforms,
though their computing capabilities are highly reliant on feature choices and preprocessing

strategies.

In addition, computing systems like the Apache Spark that are distributed have also been
developed to enhance effectiveness and scale to big data analytics. Junaid et al. (2022)
demonstrated that Spark ML-lib is a better platform in terms of scalability than traditional
machine learning platforms based on single nodes when dealing with large amounts of data.

Although such improvements are made, there are still some challenges. Most studies being



conducted currently are mainly concerned with the accuracy of classification and lack other
important considerations including scalability, computational cost, resource consumption, and

interpretability of the model.

Moreover, other studies also emphasize that no single classification algorithm can fit best any
kind of data and area of application (Ba’abbad et al., 2021). According to other works, ensemble
models like Random Forest and Gradient Boosting are effective in processing complex and
imbalanced data (Bulavas et al., 2021). Nevertheless, no detailed analysis systems are yet
available to contrast various classification algorithms in the circumstances of the real big data

with similar standards.

Thus, there is an obvious necessity of additional studies that will conduct a systematic comparison
of the various classification algorithms in the context of big data considering not only the accuracy
of prediction but also factors such as scalability, efficiency, and the amount of used resources. The
analysis will enable researchers and practitioners to choose the most suitable algorithms to be
used in the large-scale data processing application and enhance decision-making in big data

systems.
Research Objectives
This study intends

e to provide the analysis and evaluation of the performance of various classification

algorithms within the big data settings.
The objectives of the study in particular are:

e To examine the nature and issues of the big data environments when running a machine
learning classification task.

e To compare the performance of various classification algorithms Decision Trees, Random
Forest, Support Vector Machines, Neural Networks.

e To assess the scalability and the computational efficiency of classification algorithms using

large-scale datasets.



e To determine the most appropriate classification algorithm to be used in processing
structured and unstructured big data.
e To suggest suggestions as to the choice of effective classification models in big data

analytics applications.
Scope of the Study

This paper discusses the results of the performance of the selected machine learning
classification algorithms within big data settings. It concentrates on some of the most popular
models, including Decision Trees, Random Forest, Support Vector Machines (SVM), Neural

Networks, and Naive Bayes.

The results of the analysis on the basis of the main assessment indicators such as accuracy,
scalability, and computational efficiency, training time, are compared with structured and
unstructured datasets. The paper also addresses the issue of how distributed computing

frameworks, like Apache Spark, can be used to enhance the performance of algorithms.

The study is constrained in that it only studies supervised learning algorithms and does not create
new learning algorithms. Results are meant to aid in the choice of appropriate classification

methods to apply in big data applications.
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Literature Review

Paper 1: Comparative Performance Analysis of Regression and Classification Algorithms in Big

Data Environments (Samson, 2024)

In this research paper, the comparative performance of regression and classification algorithms
in big data set-ups is drawn through a holistic comparison of scalability, predictive accuracy and
computational efficiency. The study compares the classic machine learning models, including
Linear Regression, Random Forest and Support Vector Machines with deep-learning models,
including Convolutional Neural Network (CNN) and Deep Neural Network (DNN). The simulation
of big data conditions in reality on high-dimensional datasets with different computational
conditions was performed. RMSE, MAE, Accuracy and Fl-score were used as performance
measures in order to evaluate the effectiveness of the model. The results show that classic
algorithms are very efficient in the case of structured data with medium dimensionality, whereas
deep learning models are much more efficient in nonstructured and highly nonlinear contexts.
Nevertheless, deep learning applications demand high memory and graphics card acceleration
systems like TensorFlow. The paper highlights the significance of explainable and hybrid Al models
to achieve the trade-off between accuracy, scalability, and interpretability in industrial

applications that require data in large volumes.

Paper 2: Performance Analysis of Machine Learning Algorithms for Big Data Classification

(Punia et al., 2021)

The study examines the performance of different machine learning classification algorithms in
processing and analyzing unstructured big data in large-scale that is collected through the use of
social media like Twitter. The experiment applies various supervised and unsupervised learning
methods that are Decision Trees, Neural Networks, Support Vector Machines, Naive Bayes, Linear
Regression, and K-Nearest Neighbors. The main aim is to convert unstructured data into
structured data that has the capacity to support predictive analytics. As the experimental findings
indicate, machine learning algorithms are very effective in structuring data and detecting patterns
where conventional data processing methods fail. Nonetheless, the performance of the algorithm

differs in relation to feature selection, preprocessing methods, and size of the datasets. Although



the study can be useful in a comparative analysis of classification models, it lacks sufficient
evaluation of the scalability of distributed computing or hardware resource consumption, which
are important in the context of real big data ecosystems. The results emphasize the need to
choose algorithms considering the properties of the data and not basing it on the accuracy

metrics.

Paper 3: Performance Evaluation of Data-driven Intelligent Algorithms for Big Data Ecosystem

(Junaid et al., 2022)

This paper measures the performance of machine learning algorithms on the distributed big data
setup with Apache Spark ML-lib and compares it with RapidMiner and Scikit-learn. This study
compares classification algorithms, which are Logistic Classifier, Decision Tree Classifier, Random
Forest Classifier, and Gradient Boosted Tree Classifier, and regression models, which are evaluated
on large benchmark datasets, e.g. SUSY, HIGGS, and HEPMASS. The results show that Apache
Spark ML-lib has better scalability and distributed processing features in comparison with one-
node machine learning platforms. Random Forest and Gradient Boosted Trees were the best
ensemble-based methods, with a high level of prediction performance on any dataset.
Nonetheless, the use of computational resources and the time to execute the data also went up
with the size of the data. The paper has highlighted the significance of distributed systems to
manage big datasets of analytics and real-time data streams. Although the research has good
scalability evaluation, it does not discuss much on the model interpretability and the optimization

of energy efficient computation in big data ecosystems.

Paper 4: A Comparative Study of Traffic Classification Techniques for Smart City Networks
(AlZoman & Alenazi, 2021)

This paper examines the use of supervised machine learning algorithms to identify trafficin smart
city network to improve Quality of Service (QoS) management. The proposed study also compares
the Support Vector Machines, random forest, K-Nearest Neighbors, and decision tree algorithms
with that of the classical port-based classification techniques. The experimental outcomes show
that, the decision tree algorithm had the highest average accuracy of 99.18 and better than other

models and by far higher than conventional port-based methods. The methods based on machine
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learning showed a better ability to adapt to encrypted and dynamically assigned traffic in the
network. Nevertheless, the research concentrates on accuracy and does not analyze much the
performance in extreme big data scale situation and distributed computing frameworks. Also, the
efficiency of real-time processing and resource utilization was not properly examined. The results
indicate that machine learning is highly effective in improving the classification in network

settings, but still needs to be assessed on large-scale infrastructures of the big data.

Paper 5: A Short Review of Classification Algorithms Accuracy for Data Prediction in Data Mining

Applications (Ba’abbad et al., 2021)

The paper is a review of twenty research papers discussing the accuracy of classification
algorithms in different fields of application such as business, agriculture, health, and education.
The algorithms compared in the study include Random Forest, Naive Bayes, Decision Trees (C4.5)
and Feed-Forward Backpropagation Neural Networks (FFBPN). Findings suggest that the
performance of Algorithms is very heavily contextual with the Random Forest having better
results in online social network data, Naive Bayes being effective in data classification of
agriculture and C4.5 Decision Trees being effective in predicting data in an educational record.
The paper finds that there is no best classification algorithm that can be used in all big data
scenarios. Rather, the choice of algorithm must be informed by the structure of the dataset, the
complexity of the features and requirements of the domain. Although the review gives important
information on comparative accuracy, it fails to discuss the issue of scalability of computations,
distributed processing models, and performance in big data situations of large scale under real-

time conditions.

Paper 6: Study of Multi-Class Classification Algorithms’ Performance on Highly Imbalanced

Network Intrusion Datasets (Bulavas et al., 2021)

This paper explores the behaviour of multi-classes of classification algorithms on highly
imbalanced network intrusion data; in this case, the difficulty lies in identifying low-rate malicious
traffic classes. The relative ratio of benign traffic to malicious traffic in actual network scenarios
is vastly greater than what is achievable in real-world classifier training conditions, and this leads

to extreme problems of class imbalance, which are undesirable in terms of classifier training.
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Unlike standard methods that combine rare classes of attacks into one binary classification
problem, the research study adheres to the multi-class design and seeks to improve rare class
detection. The authors used the SMOTE over-sampling algorithm to equalize the classes with low
frequencies and performed experiments on three benchmark datasets CIC-IDS2017, CSE-CIC-
IDS2018 and LITNET-2020. Other machine learning algorithms were tested and much
hyperparameter tuning and feature selection methods used. The performance measures were
Precision, Balanced Accuracy Score, G-mean and biasvariance decomposition. Findings show that
the ensemble-based decision tree algorithms, especially AdaBoost, Random Forest, and Gradient
Boosting, were more effective in detecting the rare intrusion classes and showed high levels of

robustness in imbalanced big data classification tasks.

Paper 7: Accuracies and Training Times of Data Mining Classification Algorithms: An Empirical

Comparative Study (Akinola & Oyabugbe, 2015)

Current research concentrates on two key performance measures in classification algorithms and
they are classification accuracy and training time. The study seeks to analyze the behavior of
various algorithms with increase in the input data size. The authors experimented with three
different classification algorithms; Decision Tree, Multi-Layer Perceptron (MLP) Neural Network,

and Naive Bayes.

The results show that the Naive bayes algorithm is the least time consuming, than other
algorithms in terms of training, and therefore, it is computationally efficient in large data set.
Nevertheless, it has lower classification accuracy as compared to Decision Tree and Neural
Network models. The MLP and Decision Tree algorithms on the other hand are more accurate but

take more time to train, particularly when the dataset size goes up.

This paper shows there is a critical trade-off between accuracy and the efficiency of classification
algorithms. Though it offers valuable information on the performance of algorithms, it fails to
address scalability in distributed big data-based systems, which restricts its usefulness in large-

scale systems today.

Paper 8: A Performance Study of Classification Algorithms with Big Data (Hai et al., 2017)
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The paper will analyze the performance of classification algorithms in a distributed big data
setting using Apache Spark. The paper concentrates on two popular algorithms which are
Random Forest and Naive Bayes. Several performance measures are used to evaluate it such as

classification accuracy, speedup, scaleup, and sizeup.

The findings indicate that the two algorithms have high classification accuracy. Butitis not a linear
scalability performance because the more the nodes the faster the processing speed does not
necessarily improve proportionally. Random Forest is also more scalable in some set-ups,
especially when the number of nodes is optimized. In the meantime, Naive Bayes demonstrates

consistent performance as the size of datasets increases but is less scale sensitive to clusters.

The paper highlights the relevance of distributed computing systems in managing big data
classification. But it primarily concentrates on performance measurements of scalability, and not

on interpretability or model complexity which also matter in real-world applications.
Paper 9: Surveying Classification Algorithms with Big Data (Wei et al., 2021)

This paper is a detailed overview of classification algorithms in big data. It talks about the
development of machine learning methods and the importance of big data technologies in
enhancing classification. Apache Spark is another important framework of distributed computing

that has been introduced in the paper and boosts the efficiency of data processing.

The authors compare the merits and demerits of different classification algorithms in the
conditions of big data. The paper reminds that machine learning algorithms enhance substantially
the predictive and categorical capabilities of data by filtering valuable data across big data. Also,
it emphasizes the need to choose the right algorithms depending on the features of the data and

the demands of calculations.

Whilst the study provides a general description of the techniques of classification, it does not
have experimental validation and performance comparison, which restricts its practical value.
However, it offers a powerful theoretical basis to comprehend classification algorithms in big data

settings.
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Paper 10: Comparative Performance Performance Evaluation of Classification Algorithms to

Clinical Decision Support Systems (Tama & Lim, 2020)

The paper under investigation explores the effectiveness of classification algorithms in the clinical
decision support system and specifically in multiple disease prediction. The study assesses a
broad spectrum of classifiers of various families, such as tree-based, ensemble, neural,

probabilistic, discriminant and rule-based algorithms.

It is founded on comprehensive experimental research involving 25 classification algorithms on
14 real clinical studies. In addition, three different resampling techniques were utilized to ensure
the reliability and generalizability of the results. The primary aim was to determine the best

algorithms to predict various diseases using a variety of datasets.

The results show that the conditional inference tree forest (cforest) performed the best in general,
then linear discriminant analysis, generalized linear models, random forest, and Gaussian process
classifiers. These findings indicate that the ensemble and advanced statistical models are more

likely to give reliable and precise predictions when it comes to clinical uses.

According to the paper, the choice of classification algorithms heavily relies on the type of the
dataset and a particular forecasting task, as opposed to the use of a single, universally-optimal

model. This is in line with the overall knowledge that algorithm performance is relative.

Nonetheless, although the study has an extensive experimental design, the emphasis is on
accuracy and predictive performance without paying enough attention to computational
efficiency, scalability, and resource consumption in a big data environment. This drawback implies
that more research should be conducted that assesses the classification algorithms in large-scale

and distributed data processing environments.
Critical Analysis

The analyzed articles indicate that the efficiency of classification algorithms in big data settings is

predetermined by a number of key factors:

1. Data Characteristics:
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Traditional machine learning models are effective with structured datasets, whereas deep

learning architectures are effective with unstructured or high-dimensional datasets.
2. Scalability:

Apache Spark is a distributed platform that enhances the performance of processing big data

ecosystems.
3. Computational Efficiency:

Deep learning models are more accurate but need the acceleration of the graphics card and the

large amount of computational resources.

4. Selection Trade-off: There are trade-offs in the selection of algorithms.

° Random Forest and Gradient Boosting are robust and stable.

° Decision Trees are very interpretable with competitive accuracy.

° Deep Neural Networks are better at nonlinear problems but make the process less
explainable.

One of the consistent weaknesses in the studies is lack of a standardized benchmarking and

absence of real time experimentation of big data.
Relations amongst Studies.

1. The need to have scalable classification models in big data environment is highlighted
across all studies.
2. Random Forest and Gradient Boosting are two major models with strong baseline

performance as mentioned in most studies.

3. Distributed computing systems (Spark, GPU acceleration) are important to enhance
performance.
4. Deep learning algorithms always prove to be significantly better than traditional

algorithms in nonlinear or unstructured data sets.

5. The speed of an algorithm greatly relies on the field and the data.
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Conflicts Between Findings
1. Conventional vs Deep Learning Models:

Other reports suggest that traditional algorithms are as accurate as deep learning models on

structured data, whereas others state that deep learning is much more accurate.
2. Precision vs Irrelevance:

Although deep learning is more accurate, multiple studies contend that interpretable models

such as Decision Trees are more important in practice.
3. Single vs Distributed Platforms:

Other studies are concerned with the accuracy of algorithms, but not on distributed scalability,

and other studies emphasize scalability as the main evaluation criterion.
4. Domain Dependency:

Some researchers believe that there is no algorithm that is universally better than the others, but

some of them suggest certain ones as generally high-performing.
Chapter 3

Research Methodology

This research paper uses a descriptive analytical method that is suitable in the analysis and
comparison of the performance of various classification algorithms in big data setting. This

approach is aimed to test existing models, but not to create new models.

The study relies on the secondary data analysis using the results of other previously published
research and experimental data. The paper is concerned with popular machine learning

classification algorithms, such as:

e Decision Tree
e Random Forest

e Support Vector Machine (SVM)
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e Neural Networks

e Naive Bayes

Key performance metrics will be used to evaluate the performance of these algorithms and they

include:

e (Classification Accuracy
e Computational Efficiency
e Scalability

e Training Time

Moreover, the paper takes into account the implementation of big data processing systems, like
Apache Spark, to model real-world distributed systems and evaluate the scalability of the

algorithms.
Expected Results
Itis likely that the study will yield a number of results that match the research objectives such as:

e Large variations in the accuracy of classification algorithms with type of data (structured
and unstructured).

e Greater accuracy of deep learning models (e.g., Neural Networks) in processing complex
and nonlinear data, even though it is more expensive to compute.

e Good and robust results of ensemble models like Random Forest and Gradient Boosting.

e Naive Bayes has a faster training time but with a lower accuracy.

e Increased classification algorithm performance in distributed systems like Apache Spark.
The results will:

e Assist in finding the most appropriate algorithm to work with various data.
e Assist decision-makers to choose the right classification methods to use in big data

applications.
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Gantt Chart (Research Timeline)
Phase  Activity Duration
Phase 1 Literature review and data collection 2 weeks

Phase 2 Developing theoretical framework and problem statement 1 week

Phase 3 Designing comparison and selecting algorithms 2 weeks

Phase 4 Implementation and data analysis 3 weeks

Phase 5 Writing results and discussion 2 weeks

Phase 6 Final review and editing 1 week
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