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ii.

During the phase of pandemics like COVID-19, Conjunctivitis, and others, social distancing
becomes necessary, and businesses switch to online mode from physical interaction. The volume of
the data increases with high velocity, and this data is generated through various sources. The data
is collected at a large scale, popularly known as Big Data. The processing of such data for analysis
of the recent advances in Big Data has been increasingly popular in recent years and a hot area of
research in the present age of information processing. Every year, several businesses, such as
marketing, medical sciences, image processing, web media, social computing, manufacturing
industries, and public sector organizations acquire massive volumes of data. According to the
International Data Corporation (IDC), the total produced and copied data grew by roughly nine
times in 2011 to 1.8 zettabytes (10°') [1]. This data explosion has also been aided by the cheaper
and more sophisticated data storage medium. Efficient and effective technologies, methodologies,
and systems are always required to efficiently handle and retrieve information from such a huge
abundance of digital data or Big Data. For instance, algorithms for the retrieval of information
from Big Data are also becoming increasingly important, specifically during the COVID-19
pandemic. These algorithms are very helpful in the process of decision-making in real-time during
pandemics, with the use of these advanced technologies and methods proposed for the fast
processing of data.

The traditional and typical data manipulation technologies have been unable to keep up with the
development of big data. Researchers all across the world are working harder than ever to make
proper hardware and software systems. There are a variety of Big Data processing systems available
today, each with its own set of features. These systems process data volume, velocity, and variety in
different ways.

The "proper platform" is determined by the task at hand, and selecting it necessitates extensive
expertise (Agneeswaran, 2013). The two most popular concerns with the processing systems are:

How speedily can the data be processed?
How much volume of data can be processed?

Horizontal scaling and vertical scaling (Singh, 2015) are the two main types of parallel and
distributed systems. The task is split between several machines or nodes in horizontal scaling.
Scale-out is another name for this approach. Apache Hadoop, Spark, Peer-to-Peer Networks, and
others are examples of horizontal scalability platforms. The main benefit of horizontal scaling is
that in the big data model, we may use our ordinary commodity equipment. The size and scope of
the system can be adjusted as far as we need to, and therefore, the cost of the system in financial
terms can be comparatively low. In this circumstance, the software is a huge disadvantage because
it must manage a distributed scenario, and programming takes specialized knowledge. The number
of software solutions accessible is also limited. Vertical scaling, on the other hand, includes adding
multiple processors and more memory into a single computer, GPU (Graphical Processing Unit),
FPGA (Field Programmable Gate Arrays), HPC (High-Performance Cluster), and CPU (Central
Processing Unit) with multiple cores, these are known as scale-up. More hardware may be managed
and installed in a single computer with ease. The system must be powerful enough to accept the
additional hardware, which usually requires significant investments. However, after a certain point,
it is not viable to add further hardware to vertical scaling.
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A comparative study is still not available that provides a comprehensive analysis or comparison of
different known systems. This research comparatively evaluates the performance of two data
mining algorithms, namely K-Means and K-Nearest Neighbors (KNN), from machine learning
and artificial intelligence disciplines. Cloud computing-based AWS (Amazon Web Service) EC2 is
used for the scientific study of these Big Data processing environments, which will result in
ensuring a comparable cost per hour required to cooperate with two algorithms on each system. A
major constraint is that neither of the systems, like AWS, allows us to compare and analyze these
systems efficiently. The research presented in this work seeks to determine which machine learning
platform will be the most efficient for conducting big data calculations and parallel and distributed
computation. We collate these platforms utilizing two well-known data mining methods, K-Means
algorithms for clustering of data and the KNN algorithm for the classification of data. Various
insights are obtained into the big data environments on which these algorithms are implemented,
and a thorough comparison of each machine learning system is conducted based on the feature set.
Because many additional data mining algorithms employ these two techniques (i.e., K-Means and
KNN) during pre-processing or as a core component, we anticipate that our findings will have an
impact on a wide range of applications and algorithms beyond those described in this research
article. Conclusively, the major contributions of this research are as follows:

To describe the research based on K-Means & KNN algorithms on various parallel & distributed
processing systems in a Big Data environment.

To provide a comparative analysis of these processing systems in terms of running time.

The remaining sections of the dissertation are organized as follows. In the coming section, the
background of the study is discussed. In the next section, we go through the literature review of
the study. The analysis and discussion about the chosen algorithms are described in the second-to-
last section of this paper. The last section of this literature concludes this research work and
provides directions for future work.

Study Background

In the current age of information processing, humans and machines are using different media like
the web and others through the use of different technologies and generating large-scale data, which
is increasing day by day. The data has been collected in huge volumes and can be measured in
terms of zettabytes (1021). In (Emani, 2015), it is stated that the data size on Internet storage will
exceed the total capacity of the brains of all the creatures who are living in this world by 2025.
Another research (Zhanga, 2018) explored that the NSA (National Security Agency) has reported
that data of almost 1.8 petabytes in size is being generated on the Internet in a day. The current
development and data processing challenge is obviously due to this fast and continuous increase in
data size in this era of digital information. In the collection and creation of this large amount of
data, different technologies and devices like sensors, storage devices, computational repositories,
and communication channels are involved. Some other giant sources, including public and private
businesses or organizations, profit-oriented and non-profit companies, scientific research, and
industries, are playing a major role in the creation and dissemination of data at such a large scale
(Agrawal, 2014). Also reported in (Dykes, 2017) that approximately 2.5 billion gigabytes of mixed
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data, both structured (10%) and unstructured (90%), is produced in 24 hours of each day from
different sources.

Another research (Rialti, 2019) specifies that an approximate increase in the data volume
throughout the globe is up to 44 zettabytes, starting from 4.4 zettabytes from 2013 to 2020. This
huge volume of data consists of images, animations, videos, audio, and text in the form of
structured, semi-structured, and unstructured data produced from various sources, including social
media, machines inter-communication, cyber systems, sensors, and loT (Internet of Things). The
term ‘Big Data’ is used popularly for such large-scale data. Different organizations including
industries, businesses, governments, scientific disciplines, and social cultures, are facing big
challenges of change occurring due to Big Data. The processing of Big Data is one of the major
trends in all disciplines. In almost all disciplines of research, Big Data is very effective because its
raw material has a great influence in this regard (Braganza, 2017). A lot of potential is here in Big
Data for the improved and optimized utilization of resources. The extracted information is very
helpful for the facilitation of the decision-making process (Gantz, 2011), (Rahmati, 2016).

Problem Statement

A large amount of data, called Big Data, is created or produced daily by the utilization of various
online and offline resources within organisations in the current age of information. The
processing of such huge amounts of information requires distributed systems and optimized
algorithms for processing. Centralized or traditional data processing systems cannot perform
efficiently and are not fit for the manipulation of Big Data. Processing precise data efficiently is a
creative methodology, but it turns into a further challenging assignment when the volume of the
dataset is as huge in size as the size of Big Data. Across the world, various researchers are
continuously trying their best to develop systems either at the software or hardware level to fix the
issues of Big Data processing complexities to make that information more useful.

A variety of distributed systems for Big Data processing is available. Each system comprises its
unique features and functionalities. There is still a need to identify the problems with existing
systems and to introduce a comparative performance evaluation of such systems by running some
specific machine learning algorithms. This analysis is much more helpful for future researchers to
propose new models of distributed Big Data processing.

LITERATURE REVIEW

Data clustering is one of the widely used procedures adopted in different research works and
applications for various purposes nowadays. A hot research area in this discipline is text document
clustering, belonging to the semantic information retrieval domain, using Al (Artificial Intelligence)
and data mining techniques. Many research works have been introduced, but the activities
involved have a large range that is impossible to cover; that’s why it needs more attention to
overcome the problems. Different widely used algorithms like K-Means (Dykes, 2017) and KNN (K
Nearest Neighbor) have been introduced in the field of data mining for the grouping of similar
data items. In the first algorithm, the similarity in data elements is measured (close to the centroid),
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while in the second algorithm, the most similar items are selected near each other as neighbors

(Rialti, 2019).

In cluster formation of data (specifically text data), KMeans is one of the most popular techniques
in the field of data mining (Rahmati, 2016). The best cluster centroid is selected, which is the
closest to the data items in a cluster, to form an accurate cluster. This algorithm is also considered
to perform efficiently because the minimum runtime has been measured in various research
experiments as compared to other clustering techniques.

A new model for the clustering of textual data has been proposed by (Tom, 2017), in which SOM
(Self-Organizing Map) and Naive Bayes algorithms are used together. The shown improvements in
this model are based on the centroid’s selection and the initial cluster count. It has also improved
the decision-making process of selecting documents having the same distance to the centroids of
two different clusters. The research also focuses on the performance in terms of optimal
computational cost.

PSO (Particle Swarm Optimization) algorithms are used together with K-means algorithms (Maltby,
2011) for grouping text documents into relevant clusters. A comparative analysis is provided in this
research by the formation of clusters of words extracted from related text documents. The results
in this study show that hybrid PSO is performing much better than the most well-lknown K-Means
clustering algorithms that test bed designed for experimentation. An algorithm known as GA
(Genetic Algorithms) is used along with K-Means to increase its performance to form clusters of
similar words. The scheme introduced in (Almeida; 2018) presented that GA can improve the
accuracy of clusters as well as reduce the computational cost.

The authors of (Al Nuaimi, 2015) proposed a comparative study of SOM and K-Means algorithms
by testing their performance on text documents clustering. They showed in the results that SOM is
performing much better than K-Means in document clustering because the latter algorithm is
much more sensitive to initial values. Another related research (Benedetti, 2019) also provides a
comparison of fuzzy K-Means and ACO (Ant Colony Optimization) algorithms on text document
clustering.

Another scheme has been introduced (Hurwitz, 2013) that clusters the documents based on DE
(Differential Evolution) and GA algorithms. Mutation and crossover operators are used to
optimize the cluster number. In the evaluation part, results show that a hybrid approach is more

efficient than the DE and GA algorithms.

The research work proposed by (Hu. H, 2014) performs FWMS (Frequent Word Meaning
Sequence-based clustering. In this work, attention is paid to the closeness of words and its
meaning. KMedoid and KNN algorithms are analyzed for text document clustering (Gantz, 2012).
Three machine learning algorithms, including Naive Bayes, C4.5 Decision Tree, and Back
Propagated Neural Network, are experimented with to cluster the data of breast cancer (Bellaachia,
2003). In the results after comparison, it is presented that the Naive Bayes algorithm is performing
better than others in terms of computation time.
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Artificial Neural Network (Chi, 2007) has been applied for the analysis of survival rates on a
couple of datasets regarding breast cancer to cluster the patients in terms of good and bad
prognosis. In this literature, it is studied that the algorithm is providing more accurate groups of
patients on defined parameters, but the running cost of the algorithms has been skipped in the
article.

The research work presented (Bucin’skil, 2007) focuses on the comparative study of some modern
data processing schemes for the prediction of disease recurrence. Algorithms used for this purpose
are PCA (Principal Component Analysis) and ANN (Artificial Neural Network). The analysis
describes that PCA performs much better for the retrieval of information if the data is in bulk.

Data mining algorithms for the formation of clusters are applied to the same dataset of breast
cancer to comparatively study the performance of these algorithms (Joshi, 2014). This research
work performed the experiments by the implementation of K-Means, FF (Farthest First), HCM
(Hierarchical Clustering Method), and EM (Expectation Maximization) clustering algorithms by
using various data mining tools like WEKA, Orange, Tavera, and Rapid Miner to get more
optimal results. The results section of this article discusses that both K-Means and FF are providing
better performance compared to HCM and EM. An enhanced scheme based on KNN and Naive
Bayes algorithms (Saleema, 2014) for clustering the data items available in the SEER cancer dataset
was proposed to compute the rate of survival and care quality. The experimentation was performed
by using the MATLAB tool. The model provides good results as the sample is increased.

The utilization of machine learning methodologies; especially for clustering of data, including
Naive Bayes, RT (Random Tree), and SVM (Support Vector Machine), has been adapted in this
research by the authors for class label prediction (Pandey, 2014). The research is done to identify
the students who need advisory and counselling to achieve high-quality education targets. The
research provides results in terms of accuracy, but there is a lack of studies about the performance
of processing systems where algorithms were implemented.

In this research (Ayat, 2016), the DSS (Decision Support System) based on PNN (Probabilistic
Neural Network) was used to group the patients of breast cancer. The performance measures were
sensitivity, specificity, and accuracy. A modified version of KNN has been proposed in the
research (Parvin, 2008) to group the data concerning the accuracy of terms, but the proposed
scheme performs slowly for large input sizes.

A scheme named IBK (Instance-Based KNN) is proposed for the testing of this algorithm on three
different breast cancer datasets (Salama, 2012). The performance of the algorithm is also compared
with some other related algorithms like MLP (Multi Layered Perception), SMO (Sequential
Minimal Optimization), Naive Bayes, and Decision Tree.

Performance analysis of the KNN algorithm based on accuracy in classification and processing
time has been provided in the research work (Madjahed, 2013). The performance results have
been validated through the implementation of the algorithm on various training sets. It is analyzed
that the algorithm is not good in terms of running time. Various clustering algorithms related to
machine learning, including Decision Tree, SVM, KNN, and Random Forest, are implemented in
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(Kandhasomy, 2015) to study the classification of patients’ diagnosed diabetes mellitus. The results
do not provide an analysis of the performance but of the effectiveness. The K-Means and KNN
algorithms’ performance has been studied in terms of prediction accuracy, but not on run time.
The grouping of patients’ epilepsy has been performed in the research (Manjusha, 2016) to check
the robustness of K-Means and KNN algorithms. The data were generated from EEG signals
through sensors. In this case, K-Means is performing better than the KNN algorithm.

These algorithms were selected for study in this research; both are from the unsupervised machine
learning domain. A common and foremost drawback of using these algorithms is that the
performance is affected in terms of increased running time if the volume of the dataset is increased.
In other words, we may say that the volume and computational cost are directly proportional to
each other when working with these algorithms (Al Nuaimi, 2015). Research (Benedetti, 2019)
declares that clustering such a huge amount of data as Big Data is a more challenging task,
specifically in a system having few hardware resources, because a lot of mathematical operations
are needed to perform.

The clustering of information or data is used to add semantics in schemes relating to semantic
information retrieval systems to achieve desired goals in terms of accuracy, relevancy, and
efficiency. A brief overview of some research works is provided in this section related to the
research domain. An enhanced algorithm is proposed (Agarwal, 2014), which forms the groups of
data items by ranking technique through the use of a K-dimensional vector model. Another
proximity-based clustering scheme was introduced by (Al Nuaimi, 2015) for data clustering. A
constraint reformulation strategy is adopted in the scheme specifically designed for the clustering
of Big Data. As a result, the proposed scheme provides optimal results as compared to previously
proposed approaches in all aspects of information retrieval, especially in the formation of clusters,
but not considered in terms of computational cost.

An approach (Hu. H, 2014) is proposed for information retrieval based on clusters in which a
hybrid indexing mechanism m is adopted to make the scheme more intelligent and efficient. After
experimentation, it was observed that the scheme is much more efficient as a result of performance
in terms of running time, but poor effectiveness was found in outcomes. After the formation of
data clusters, a cluster grading mechanism was introduced (Gantz, 2012), known as a random field
selection-based Markov model. The performance is not as good due to the graph complexity,
especially when multiple queries are manipulated concurrently.

A genetic algorithm-based and cluster-oriented information search system (Abawajy, 2015) was
proposed and developed by the authors. The clustering of URLs available in the dataset is
considered to add in the relevant cluster. The selection criteria are based on the ranking
information of the URL. The performance evaluation of the system where it is implemented is
ignored in this research.

Clustering of data items is a good approach to implement in data extraction and information
retrieval approaches to find out more accurate and relevant data. It is also observed that it reduces
the effectiveness of results when clustering algorithms are used along with the combination of
ranking algorithms. Whereas it may reduce the computational cost and running time, if schemes
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are cluster-oriented, it may include irrelevant data items in results, which is the main drawback of
such schemes.

The retrieval of information is a very difficult and challenging task when dealing with Big Data, as
compared to retrieving information from relational databases. The information can be retrieved
from relational databases only by using SQL (Structured Query Language), while we need
specialized algorithms for dealing with Big Data. Researchers are continuously doing research in
this hot area, and various schemes have been introduced in this regard. Classification or clustering
of data is almost a basic requirement for algorithms to propose schemes useful in the retrieval of
information from Big Data. Different research has been introduced on the comparative evaluation
of various machine learning algorithms useful for semantic information retrieval, but no one has
provided a comprehensive analysis of the implementation of these algorithms on distributed
processing systems in Big Data environments.

Comprehensive analysis of Kkmeans and KNN schemes

A complete and comprehensive analysis of research focusing on K-means and KNN schemes is
given in Table 1.
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Table 1: A Comparative Analysis of Various Schemes Using K-means and KNN algorithms

Performan Effectivenes Bi Dat Parallel &
Approach Major Contribution Algorithm criormance & ) A Distributed | Tools Used Evaluation Metrics
Measures Environment )
Measures Processing
(Karegowda, Categorization of Diabetic | K-means and
2012) Patients KNN No Yes No No Weka Accuracy
(Habibpour, Text Document Clusterin; Kemeans and Yes Yes No No VC#.Net 2008 Purity and Entro
2014) g KNN ' i Py
Classification of Epilepsy from K d gerfc?;m‘ance S l?de i
(Manjusha, 2016) = Electroencephalogram (EEQG) eans M Yes Yes No No NA ensitivity, ) peciticity,
_ KNN Average  detection and
Signals .
Quality value
(Ku$mirek, 2019) Comparison of KNNand K- Kmeans and No Yes No No NA Sensitivity, precision
means KNN
) K-means and Weka, Responsiveness, Relevance,
(Mittal, 2019) Performance Study KNN Yes Yes No No RapidMiner Validity
) ) Clustering with KNN Graph and | K-means and Overlap,  Dimensionality,
(Sieranoja, 2020) K-Means KNN Yes Yes No No NA Unbalance cluster size
Classification based on negative | K-means and C++,  Microsoft | Davies-Bouldin Index
(Zhao, 2021) & Yes Yes Yes No Visual Studio | (DBI), Precision, Recall and
databases KNN
2019 F-measure
K-means, KNN, Health condition,
. Detecting Possible Suspects for | and Bayesian Laravel PHP, proximity detection,
(Kaiser, 2021) COVID-19 Infections Distance Tree No Yes No No Firebase contact tracing, COVID-19
(BDT) self-test and COVID score
Kimeans, KNN
(Narayana, 2022) Detect and Identify the Traffic | and Support No Yes No No MATLAB, SPSS | Accuracy
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. Comparative Analysis of

(Andreswari, i K-means and

2022) Algontbms for Telecom Fraud KNN No Yes
Detection

(Gémez, 2022) The Companson of Lithological | K-means and No Yes
Interpretation KNN
The Performance Evaluation of

(Nascimento, Big Data Processing with Spark

2022) and Unicage in a Cluster Merge Sort Yes No
Environment
Asynchronous Selective Batched

(Mi Li, 2023) based Large Scale Data E&Aeﬁm’_ d Ilg\lzan Yes No
Clustering using GPU » Napt
The Implementation of Two well-
known Information Retrieval K d

Proposed Algorithms on Parallel and Kﬁllsans M Yes No

Distributed Systems in Big Data
Environment
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In the latter part, we describe each research listed in the Table. In (Karegowda, 2012), a hybrid
model was proposed for diabetic patient classification by using K-Means and KNN algorithms
specifically. Only the effectiveness of algorithms in terms of accuracy in results is focused and the
performance or efficiency of algorithms is ignored in the research. All the experiments are
performed in a non-distributed or parallel computing environment on a small dataset. In the
article (Habibpour, 2014), clustering of text documents is studied by applying KMeans and KNN
algorithms in a hybrid mode. Both the performance and effectiveness are analyzed in this study,
but no big data parallel processing and distributed computing systems are involved in the
experimentation and evaluation phase.

The article entitled “Performance Analysis of KNN Classifier and K-Means Clustering for Robust
Classification of Epilepsy from EEG Signals”, (Manjusha, 2016) provides an analysis of the
performance of both clustering algorithms. The researchers were engrossed in the comparative
analysis of the performance and the effectiveness of selected algorithms in this research. The article
(Ku$mirek, 2019) provides a comparative analysis of both algorithms in terms of effectiveness in
results by calculating the recall and precision. The major drawback of this research is that the
experimentation is not performed on Big Data and in a distributed or parallel computing
environment.

In (Mittal, 2019) authors studied the Performance of the prediction of diagnostic accuracy by
implementing KNN and K-Means clustering algorithms. They discussed both the performance and
effectiveness measurements as a result of this study. The improved relevance and responsiveness
are the major outcomes of this research. A thesis (Sieranoja, 2020) presented about the clustering
in KNN graph and K-Means algorithms, which provides a detailed study of the comparison of
these algorithms. However, the lack of some common interests including the performance of
algorithms in Big Data and distributed or parallel processing environments are still missing in both
of the documents that can be a useful source for students and future research scholars and the
implementation of algorithms in large business environments.

In recent and advanced research (Zhao, 2021), authors classify the data based on negative
databases by using K-Means and KNN algorithms. The only scheme provides a detailed analysis of
both algorithms in terms of performance and effectiveness measures. The experimentation was
also performed on Big Data, but not in a parallel and distributed environment. The article (Kaiser,
2021) is about the mobile application developed for the detection of possible suspects for COVID-
19 infection in the working environment of various businesses. The scheme is implemented by
using KMeans, KNN, and BDT (Bayesian Distance Tree) algorithms. The model application only
determines the condition of health of the employee, proximity disease detection, and the self-test
of registered employees for COVID-19, the tracing of the contacts of affected employees with other
employees, and the COVID score of the user. The application is developed for mobile devices;
therefore, the proposed model is for a single-processor system, and it is not suitable for Big Data
processing with such limited computing resources.

Some other advanced researchers (Narayana, 2022) (Andreswari, 2022) (Gomez, 2022) are also

implementing KMeans and KNN algorithms in their schemes. These algorithms are implemented
along with the SVM (Support Vector Machine) algorithm in (Narayana, 2022), for the detection
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and identification of traffic signals in rainy conditions. In (Andreswari, 2022), the algorithms K-
Means and KNN both are both used for telecom fraud detection. In this article, a detailed
comparative analysis is provided, and the results are presented as a rate of accuracy, recall,
precision, and F1 score. In (Gomez, 2022), a comparative study of the KNN and K-Means
clustering methods is presented, and the results are discussed in terms of accuracy for lithological
interpretation of well logs of the Shushufindi Oilfield, Ecuador. A major and common
disadvantage of these schemes is that they focus only on the performance of algorithms regarding
effectiveness in results, but not in terms of computational cost, even on a uniprocessor system.
These schemes also do not provide an analysis of these algorithms in Big Data and parallel and
distributed processing environments as well.

The work presented in (Mi Li, 2023) proposed an Asynchronous Selective Batched K-Means (ASB
K-Means) algorithm for the clustering of unstructured Big Data by using a GPU parallel processing
system. The performance of the proposed K-Means is also compared with the performance of some
existing enhanced K-Means algorithms, including Elkan-KM and Rapid-KM. This work only
focuses on the implementation of K-Means on GPU, and the experimentation is performed by
using image and textual datasets. In the research work introduced in (Nascimento, 2022) authors
evaluate the performance of parallel and distributed processing systems for Big Data processing
with Spark and Unicage in a Cluster Environment. The research doesn’t involve any machine
learning or data mining algorithm for the implementation. The experiments are performed
through the implementation of simple sorting and searching operations on Big Data.

Conclusion

In summary, many schemes work only on the effectiveness measures of K-Means and KNN
algorithms, and mostly these algorithms are used in information retrieval schemes. It is also
analyzed that most schemes are not implementing and evaluating these algorithms in a Big Data
environment, except few research works. Similarly, the systems discussed do not provide support
for these two algorithms in distributed and parallel processing environments. There is a crucial
need to research such modern environments to set pathways for future research directions and
implementations.
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