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I. INTRODUCTION

Cloud computing has revolutionized how businesses and
individuals handle data storage, processing, and accessibility,
providing unmatched scalability, flexibility, and cost
efficiency. Yet, as cloud technology has advanced, so have the
security challenges associated with managing vast volumes of
data on these platforms [1,2]. This extensive accumulation of
big data within cloud environments introduces specific
vulnerabilities, complicating efforts in data protection, access
control, and security monitoring. Traditional security methods
often struggle to effectively secure this data due to the large
scale and shared nature of cloud infrastructure, where data
from multiple sources frequently coexists and interconnects
[3,4].

Fig 1. Tackling of Big Data challenges with cloud
computing for innovation.[3]

Abstract:
This research paper explores the integration of big data, cloud computing, the Internet of Things (IoT), and artificial

intelligence (AI) across various industries, highlighting their transformative impact on fields such as healthcare, urban planning,
environmental sustainability, and business management. It examines how big data frameworks like Hadoop and Spark, along
with cloud-based infrastructures, facilitate the storage, processing, and analysis of vast datasets, enabling real-time decision-
making and innovative solutions. The study also addresses the key challenges associated with these technologies, including data
privacy, security, interoperability, and efficient load balancing. It emphasizes the importance of emerging solutions such as
differential privacy, secure data management, and machine learning models to address these concerns. Furthermore, the paper
discusses the environmental implications of big data processing and proposes sustainable computing strategies to mitigate the
carbon footprint of large-scale data operations. The findings underscore the need for continued advancements in cloud
frameworks, data management systems, and machine learning algorithms to unlock the full potential of these technologies while
ensuring their responsible application across industries.

Key words: Big Data, Cloud Computing, Security, Hadoop

RESEARCH ARTICLE OPEN ACCESS

mailto:vedapradaphd@gmail.com
http://www.ijcsejournal.org


International Journal of Computer science engineering Techniques-– Volume 8 Issue 6, 2024

ISSN: 2455-135X http://www.ijcsejournal.org Page 2

Fig 2. Big Data framework [4].

Big data analytics within cloud computing now offers
promising solutions to address security concerns,
harnessing the extensive processing capabilities of cloud
systems. These analytical tools can monitor for
suspicious activity, detect anomalies, and identify
potential threats before they become critical [3-5].
Nonetheless, managing big data within the cloud also
brings challenges around data privacy, the risk of data
breaches, and the intricate task of securing data across
distributed networks [5,6]. To navigate these
complexities, there is an increasing need for advanced
security frameworks that integrate big data analytics and
machine learning, allowing for proactive monitoring and
data protection while ensuring compliance with rigorous
regulatory standards [7-9].

Fig 3. Five Vs of big data.[7]

Fig 4. Big data and cloud computing [7]

Big data is characterized by five primary attributes:
volume, velocity, variety, value, and veracity, which
capture its unique complexities[9-14]. Initially defined by
the three Vs—volume, velocity, and variety—these
characteristics were introduced by Gartner to emphasize
the distinct challenges inherent to big data. Over time,
data architecture has evolved, and with it, the scope of big
data characteristics expanded to include value and
veracity [15-17]. Volume refers to the immense quantities
of data generated by various sources such as sensors,
social media, and smartphones. For example, in 2012,
approximately 2.5 exabytes (EB) of data were created
every day. By 2013, this volume doubled to 4.4 zettabytes
(ZB), and by 2020, it reached an astonishing 40 ZB.
Velocity highlights the rapid speed at which data is
produced and processed, a trend driven by millions of
connected devices coming online daily. Platforms like
YouTube showcase the high-speed data generation
characteristic of today’s digital landscape[18-20].

Fig 5. Classification of big data [12]
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Fig 6. Transforming big data for analysis.[12]

Fig 7. Big Data to address the 4Vs to obtain Value
for better decision support, research, and operations for

various geospatial domains.[14]

Fig 8. The cloud-based service-oriented workflow
system for climate model study.[14]

Fig 9. The role the proposed middleware plays in the
model building process[14]

Fig 10. Business Intelligence structure.[18]

Fig 11. The architecture of Hadoop-distributed file
system (HDFS).[18]

Fig 12. Key Issues and Strategic Solutions for AI
Implementation in Multi-Cloud Environments[19]

Fig 13. Comparison between Hybrid Cloud and
Multi-cloud[19]

Big data also demonstrates high variety, as it is
generated in diverse formats such as images, videos,
audio, documents, and text across multiple platforms.
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This data can be structured, semi-structured, or
unstructured, adding complexity to its management and
analysis. Beyond these attributes, value and veracity are
critical in determining data’s utility and reliability [21-22].

Fig 14. Cloud Computing [21]

Fig 15. Benefits of Big Data security[21]

Fig 16. Layered framework for assuring cloud[21]
Value speaks to the ability of big data to yield

meaningful insights, driving its worth in decision-making
processes. Veracity, on the other hand, concerns the
quality, accuracy, and trustworthiness of data [23-28].
High veracity is essential for ensuring that big data
provides a solid foundation for analysis and is a reliable
source for insights. As data continues to grow in both
volume and complexity, understanding these
characteristics is fundamental to unlocking its potential
while addressing the challenges it presents [28-30].

Fig 17. Characteristics Of Big Data.[24]

Fig 18. Cloud computing Models.[24]

Fig 19.Model Showing The Relationship Between
Big Data And Cloud Computing[24]
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Fig 20. Compatibility between big data and cloud
computing in terms of characteristics.[24]

Fig 21. Top Cloud Security threat. [26]

Fig 22. SAP's Comprehensive Strategy for
Countering Cyber Threats[26]

This paper offers a novel contribution by addressing
the critical security challenges associated with Big Data
and cloud computing, particularly focusing on the
Hadoop ecosystem. While previous research has explored
the potential of Big Data and AI/ML technologies, there
is a significant gap in analyzing the specific security risks
within distributed cloud environments. We extend
existing studies by proposing solutions to enhance data

privacy, integrity, and encryption in the context of Big
Data processing and cloud storage. This work integrates
emerging security practices and frameworks to mitigate
vulnerabilities in Hadoop and cloud infrastructures,
offering actionable insights for improving data protection
and ensuring reliable, scalable performance in modern
enterprise system.

II. Methodology
Types of big data Data are produced at

unprecedented rates from various sources, such as
financial, government, health, and social networks. Such
rapid growth of data can be attributed to smart devices,
the Internet of Things, etc. In the last decades, companies
have failed to store data efficiently and for long periods.
This drawback relates to traditional technologies that lack
adequate storage capacity and are costly. Meanwhile, big
data require new storage methods backed by powerful
technologies.

Cloud computing is a transformative technology that
enables large-scale and complex computations without
the need for maintaining costly hardware, dedicated
infrastructure, or specialized software. With the rapid
expansion of cloud computing, there has been a
significant increase in the volume of data, commonly
referred to as big data. Managing and processing big data
has become a complex and resource-intensive task,
necessitating vast computational power to handle and
analyze the data effectively. This study reviews the
intersection of big data and cloud computing, exploring
their definitions, key characteristics, and classifications
[31].

As distributed computing systems continue to evolve,
modern Big Data analysis platforms have become
increasingly varied in their features and capabilities. This
diversity can make it challenging for users, particularly
those who are new to Big Data, to make well-informed
decisions when first engaging with these platforms. In
this paper, we examine the design principles and
emerging research directions in contemporary Big Data
platforms, drawing on recent advancements in Big Data
technologies.

We offer a thorough review and comparison of
several leading frameworks, ultimately proposing a
typical architecture with five horizontal layers and one
vertical layer. Building on this structure, the paper
highlights the key components and cutting-edge
optimization techniques developed for Big Data,
providing guidance for selecting the most appropriate
components and architectural design based on specific
requirements.[32]

The quick growth of genetic data has become a
disruptive force in the Big Data age, affecting almost
every business, but the pharmaceutical industry is most
affected. Scientists are using this abundance of genetic
data to investigate human origins and migratory patterns
more and more as nations throughout the world create
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their own gene banks. Big Data has also been essential in
improving cancer research and treatment, giving cancer
patients fresh hope.

The research of a variety of illnesses has benefited
greatly from big data as well. Notably, compared to more
conventional approaches, genetic analysis of disorders
has shown greater efficacy in determining available
treatments. This review provides an overview of the role
of Big Data in medical research, focusing on its
applications in the study of tumors, neurological and
psychiatric disorders, cardiovascular diseases, and other
medical fields. It also highlights the ongoing
developments and future directions of Big Data in
medicine[33]

The term "Big Data" describes the enormous amount
of data with intricate and diverse structures that
conventional data management techniques are unable to
efficiently handle. Big data analytics is being utilized by
businesses more and more these days, and it is essential in
many different fields. This study examines the use of big
data in important domains including human resources
management (HRM), business process management
(BPM), and telecommunications [34]

Fig 23. Five-horizontal-and-one-vertical structure[34]

Fig 24. Architecture of Hive system.[34]
There are several categories into which big data may

be divided. The large data categorization is shown in
Figure 2. The definitions of the different kinds of big data
are compiled in Table 4. 3. Big Data with Machine
Learning Finding knowledge and making wise selections
are the primary purposes of machine learning techniques.
Machine learning is used in various realworld
applications, such as data mining, recognition systems,
recommendation engines, and autonomous control

systems. The machine learning domain can be divided
into three areas, namely, supervised learning,
unsupervised learning, and reinforcement learning [35].

The research of a variety of illnesses has benefited
greatly from big data as well. Notably, compared to more
conventional approaches, genetic analysis of disorders
has shown greater efficacy in determining available
treatments. With an emphasis on its applications in the
study of cancers, neurological and psychiatric illnesses,
cardiovascular diseases, and other medical domains, this
article gives a broad overview of the importance of big
data in medical research. It also emphasizes the current
advancements and potential paths of big data in medicine.
This paper provides a comprehensive overview of
different approaches to pattern mining in the context of
Big Data.
This paper examines pattern mining techniques like
Apache Hadoop, Apache Spark, and parallel and
distributed processing, focusing on four main types:
parallel frequent itemset mining, high utility itemset
mining, sequential pattern mining, and frequent itemset
mining in uncertain datasets. It reviews advancements in
parallel, distributed, and scalable pattern mining,
identifies challenges in algorithm design, and discusses
open research issues and opportunities.
Finding significant associations in datasets is
accomplished using the fundamental data mining
approach of pattern mining. There are several types of
pattern mining, such as sequence mining, high utility
itemset mining, and frequent itemset mining. The goal of
high utility itemset mining, a new data science endeavor,
is to extract information according to domain-specific
goals. The "utility" of a pattern refers to its effectiveness
or benefit, which is determined by user priorities and
domain-specific insights.
Sequential pattern mining (SPM) has been extensively
studied and expanded in various directions. It involves
identifying sequential patterns within a collection of
sequential data. In recent years, there has been increasing
interest in frequent pattern mining over uncertain
transaction datasets. Furthermore, mining itemsets in Big
Data environments, particularly using Apache Hadoop
and Apache Spark, has garnered significant attention.[36]

Fig 25. Big Data life cycle[36]
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Fig 26. Data analytics process[36]

Fig 27. Types of Analytics Techniques[36]
With an emphasis on urban data—data associated

with cities and intrinsically related to both place and
time—I define large data mainly in terms of its scale.
This data, which is mostly broadcast from sensors,
represents a substantial change in the type of data that is
now accessible about urban settings, specifically with
regard to what occurs, where, and when in cities. I argue
that this transformation in data collection represents a
fundamental change in how we understand and manage
urban spaces. The rapid growth of big data is driving a
shift from long-term strategic planning to more
immediate, short-term thinking about the functioning and
management of cities. However, there is the potential for
this data, over much longer periods, to provide insights
into various time horizons, offering valuable information
for both current and future urban development.
Finally, by analyzing six months of smart trip card data
from the public transport system in Greater London, I
draw attention to the need for fresh ideas and analytical
techniques. This data, which monitors individual journeys,
is an illustration of how big data may be utilized to better
understand urban mobility and guide urban planning
choices [37].

Data mining and big data analytics are crucial
methods for examining enormous databases and drawing
insightful conclusions. However, because of the
complexity and enormous volume of big data, traditional
methods of analysis and extraction are sometimes useless.
Data clustering, a crucial data mining approach, divides
data into categories to make information extraction
simpler. However, existing clustering algorithms, such as
k-means and hierarchical clustering, often fall short in
terms of efficiency, as the quality of the clusters they
produce is compromised.
This study presents Hybrid Clustering, a novel clustering
technique that addresses these constraints by overcoming
the drawbacks of current methods. We compare the
performance of the proposed hybrid algorithm against
traditional clustering algorithms based on key metrics
such as precision, recall, F-measure, execution time, and
accuracy. Experimental results demonstrate that the
hybrid clustering algorithm outperforms existing methods,
offering superior accuracy, precision, recall, and F-

measure values, making it a more efficient and reliable
solution for clustering large-scale data [38].

Fig 28.Working model of spark framework[38]
Big data processing and analysis are mostly

conducted on shared-nothing computer clusters. Two
essential techniques for improving processing
performance and scalability in cluster computing are data
partitioning and sampling. In the context of big data
processing and analysis, this study provides an extensive
overview of the strategies and tactics utilized for data
sampling and partitioning.

We start by giving a summary of the big data
frameworks that are most frequently utilized in Hadoop
clusters. Next, we explore various data partitioning
techniques, starting with the three classical horizontal
partitioning schemes: range partitioning, hash partitioning,
and random partitioning. We also discuss data
partitioning strategies specific to Hadoop clusters,
including the novel Random Sample Partition (RSP)
distributed model. After that, the study examines
traditional data sampling techniques such reservoir
sampling, stratified sampling, and simple random
sampling. We look at record-level sampling and block-
level sampling, two popular sampling strategies in big
data settings. While record-level sampling is less efficient
for large distributed datasets, block-level sampling, which
operates on data blocks produced by classical partitioning
methods, does not always yield representative samples for
approximate computing of big data.
Additionally, we summarize existing strategies and
related work on sampling-based approximation in
Hadoop clusters. The paper emphasizes that data
partitioning and sampling should be considered together
in order to develop reliable approximate cluster
computing frameworks that balance both computational
efficiency and statistical accuracy.[39]

Big Data applications are crucial for organizations as
they rely on vast amounts of data for insights. Traditional
methods struggle with slow responsiveness, scalability,
and performance limitations. Advancements in Big Data
technologies have addressed these challenges, with new
distribution models and technologies emerging to handle
complexity. This paper reviews these developments to
guide organizations in selecting the right combination of
Big Data technologies based on their specific needs and
application requirements. It provides an overview of key
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technologies, their features, advantages, limitations, and
typical use cases, assisting in informed decision-making
for Big Data adoption and implementation [40].

Fig 29. Comparison of three algorithms based on
precision.[40]

Big Data mining, based on the "5 V's" (Volume,
Variability, Velocity, Variety, and Value), is crucial for
managing large, complex datasets. As Big Data evolves,
its challenges will become significant areas of research in
the coming years.

In order to extend Information and Communication
technologies (ICT) applications beyond conventional
LAN and WAN contexts to the cloud and the wider
Internet, researchers and developers worldwide are
utilizing Big Data technologies. An overview of several
ICT applications that profit from data mining and big data
analytics is given in this article.
The article highlights the existing platforms, languages,
and tools available for these goals while examining the
vast array of ICT applications that leverage data mining
and analytics for Big Data. It also looks at the difficulties
encountered in various application areas. The study
concludes by providing a brief overview of current
developments in Big Data technology research that seek
to solve these issues and enhance ICT applications,
perhaps providing future answers [41]

Fig 30.MapReduce model.[41]

The difficulties posed by large data are discussed in this
article, with an emphasis on security concerns in the
Hadoop environment. It specifically looks at the security
issues with the central Hadoop architectural layer, the
Hadoop Distributed File System (HDFS). Three methods

are investigated to improve HDFS security: Kerberos
authentication, encryption algorithms, and NameNode
security mechanisms [42].

The goal of data mining is to extract novel insights
and patterns from huge databases. Data mining has been
researched in many different application areas throughout
the years, which has resulted in the creation and use of
many different techniques. However, the recent surge in
data volume, along with the increased computational and
analytical demands, has rendered many traditional data
mining methods impractical for handling big data.
In order to fulfill the scalability and performance
requirements of large-scale data mining jobs, effective
parallel and concurrent algorithms are crucial. The usage
of threads, MPI (Message Passing Interface), MapReduce,
and mash-up or workflow technologies are some of the
parallelization approaches that have been created.
Depending on the particular needs of the application,
these methods provide different performance and
usability features.The MPI model has proven to be
effective for computationally intensive problems,
particularly in simulation, but it can be difficult to
implement in practice. On the other hand, MapReduce,
which originated from information retrieval techniques,
has become a popular cloud-based technology for
processing big data. Over time, several MapReduce
frameworks have been developed, with Google’s
MapReduce being one of the most well-known. Another
widely adopted implementation is Hadoop, an open-
source MapReduce framework that has gained significant
traction among major IT companies, including Yahoo,
Facebook, and eBay. This paper specifically focuses on
Hadoop and its implementation of MapReduce for
analytical processing, exploring its capabilities and the
impact it has had on big data analysis.[43]

Fig 31. Classification of Algorithms[43]
The growing use of big data in cloud computing

raises privacy concerns. However, the increasing volume
of data also presents challenges, such as the execution
time required for data encryption. This paper proposes the
Dynamic Data Encryption Strategy (D2ES), which
selectively encrypts data based on privacy classification
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methods while adhering to timing constraints. The
strategy aims to maximize privacy protection by
encrypting only the most sensitive data within the
required execution time, balancing security and
performance. Experiments show D2ES effectively
enhances privacy without compromising data processing
and transmission performance [44].

Fig 32. Hadoop Architecture [44]

Fig 33. HDFS Architecture[44]
The rapid rise in smart device usage has led to a

surge in data generation, posing challenges for processing
and managing large-scale datasets. Service providers like
Google, Amazon, and Microsoft have deployed
geographically distributed data centers to efficiently
process massive volumes and ensure quick response times
for users using technologies like Hadoop and
Spark.However, less attention has been given to the
underlying network infrastructure, which is a critical
component for the successful implementation of any
solution in this environment. Heavy network traffic,
particularly data migrations across multiple data centers,
can overwhelm the network infrastructure, leading to
performance degradation. In extreme cases, the network
may fail to transfer data packets from source to
destination, negatively impacting service quality.
The authors propose a novel SDN-based big data
management approach that optimizes network resource
consumption, focusing on bandwidth and data storage
units, enhancing the efficiency of big data analytics
across multiple cloud data centers. The solution uses
Bloom-filter-based insertion and deletion techniques in
the flow table managed by the OpenFlow controller,
enabling real-time traffic analysis and optimization of
network resources for big data applications in multi-cloud
environments. This approach improves network resource
management, addressing challenges of scaling data

transfer across distributed cloud data centers and
enhancing big data performance[45].

Fig 34. Steps in MapReduce to process the
database[45]

The term "big data" is increasingly used in various
fields, including everyday life and traditional research.
The proliferation of networks has diversified the issues,
solutions, and approaches associated with big data. This
paper reviews recent research on network big data,
including data types, storage models, privacy concerns,
data security, analysis methods, and applications, offering
insights into current trends and predicting future
directions[46].

Data streaming learning Various real-time world
technologies, such as stock management, network traffic,
and credit card transactions, generate huge datasets. Data
mining plays an important role in finding interesting
patterns, 5 Research Issues in Big Data As data are
growing at exponential rates, a number of issues and
problems emerge during the processing and storage of big
data. Few tools are available to resolve these issues and
problems in a cloud environment. Technologies, such as
PigLatin, Dryad, MongoDB, Cassandra, and MapR, are
not able to resolve these issues in big data processing.
Even with the help of Hadoop and MapR, users cannot
execute queries on databases, and they have low-level
infrastructures for data processing and management.
Some issues and problems in big data are summarized as
follows[47]: (1) Distributed database storage system:
Numerous technologies are used to store and retrieve
huge amounts of data. Cloud computing is an important
aspect of big data. Big data are generated by multiple
devices on a daily basis. At present, the main issue in
distributed frameworks is the storage of data in a
straightforward manner and the processing and migration
of data between distributed servers. (2) Data security:
Security threats are an important issue in a cloud
computing environment. Cloud computing has been
transformed with modern information and communication
technologies, and several types of unresolved security
threats exist in big data. Data security threats are
magnified by the variety, velocity, and volume of big data.
Meanwhile, various issues and threats, such as the
availability of data, confidentiality, real-time monitoring,
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identity and access authorization control, integrity, and
privacy, exist in big data when used with cloud
computing frameworks. Therefore, data security must be
measured once data are outsourced to cloud service
providers [48].

The increasing amount of data in computer
technologies presents challenges for users. Cloud
computing services offer a powerful environment for
storing large volumes of data, eliminating the need for
dedicated space and expensive hardware and software
maintenance. However, handling big data requires large
computational clusters. This work discusses the definition,
classification, and characteristics of big data, compares
cloud-based big data frameworks, and addresses research
challenges in distributed database storage, data security,
heterogeneity, and data visualization [49].

Heterogeneity: Big data are heterogeneous in nature
because data are gathered from multiple devices in
different formats, such as images, videos, audio, and text.
Before loading data into a warehouse, they need to be
transformed and cleaned, and the processes present
challenges in big data [49]. Combining all unstructured
data and reconciling them for use in report creation are
incredibly difficult to achieve in real-time. (4) Data
processing and cleaning: Data storage and acquisition
require preprocessing and cleaning, which involves data
merging, data filtering, data consistency, and data
optimization. Thus, processing and cleaning data are
difficult because of the wide variety of data sources[50].
Moreover, data sources may contain noise and errors, or
they may be incomplete. The challenge is how to clean
large amounts of data and how to determine whether such
data are reliable. (5) Data visualization: Data
visualization is a technique to represent complex data in a
graphical form for clear understanding. If the data are
structured, then they can be easily represented in the
traditional graphical way. If the data are unstructured or
semistructured, then they are difficult to visualize with
high diversity in realtime.

Fig 35. The frameworks of computation ofoading,
edge caching and edge aggregation[50]

Very Large (VL) data, or big data, refers to datasets
that are too large to fit into a computer's working memory.
While this definition is not entirely objective, it is
practical and easy to understand, as it captures the
essence of data that exceeds the capacity of typical

computational resources. Clustering is a key task in
pattern recognition and data mining, used to explore VL
databases (including VL images). Therefore, clustering
algorithms that scale well to VL data are both important
and highly useful.

This paper compares three approaches to extend
fuzzy c-means (FCM) clustering to VL data. The methods
include sampling followed by non-iterative extension,
incremental techniques, and kernelized versions of FCM.
Numerical experiments were conducted on both loadable
and VL datasets to compare time and space complexity,
speed, approximation quality, and alignment with ground
truth. Results showed random sampling combined with
extension FCM, bit-reduced FCM, and approximate
kernel FCM are effective for VL data approximation [51].
A powerful approach that allows consumers and
businesses to obtain services on-demand based on their
unique needs is cloud computing. Storage, deployment
platforms, and simple access to web services are just a
few of the many things it provides. Load balancing (LB),
which is essential for preserving optimal application
performance while satisfying Quality of Service (QoS)
standards and abiding by Service Level Agreements
(SLAs) issued by cloud providers, is one of the primary
difficulties in cloud computing.
Since cloud providers frequently struggle to divide
workloads equally among servers, it is crucial to put in
place an effective load balancing strategy that optimizes
resource usage and guarantees high customer satisfaction.
This study offers a thorough analysis of several load
balancing strategies for cloud settings, emphasizing static,
dynamic, and nature-inspired methods to tackle issues
like system performance and data center response time.
The review provides an analytical comparison of these
algorithms, identifies gaps in current research, and
suggests directions for future studies. Additionally, the
paper includes graphical representations of the reviewed
algorithms to illustrate their operational flow.
Furthermore, it discusses fault-tolerant frameworks and
explores other relevant frameworks in recent literature,
offering valuable insights for further advancements in the
field of cloud load balancing.[52]

Fig 36. Overview of Cloud Computing[52]
The development of public cloud infrastructure relies

heavily on effective data protection, which ensures that
the infrastructure is properly implemented and secure,
benefiting both cloud users and providers. However, data
protection has not always received the necessary attention
in this context. This paper addresses the potential risks
that data may face during transfer and recovery in the
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cloud. We explore various known attacks that can
compromise data security and, in turn, examine the
advantages and disadvantages of the different techniques
proposed in the literature to mitigate these risks [53].
Concerns about privacy and security have grown in
importance as cloud computing develops, causing both
industry and academics to take notice. By looking at
several privacy protection methods, this study examines
the advancements achieved in tackling privacy security
issues in cloud computing.

We start by outlining the privacy threats connected to
cloud computing and offer a thorough methodology for
safeguarding privacy. Access control, ciphertext-policy
attribute-based encryption (CP-ABE), key-policy
attribute-based encryption (KP-ABE), trace mechanisms,
fine-grain multi-authority revocation mechanisms, proxy
re-encryption (PRE), hierarchical encryption, searchable
encryption (SE), and multi-tenant trust models are some
of the important technologies that we then go over in
order to mitigate these risks. We examine and contrast the
features and areas of use of common schemes for every
technology.
Finally, we highlight the current challenges in the field
and suggest [54].

Fig 37. Cloud computing framework[54].

Fig 38. Privacy security risk in cloud computing.[54]
Since data creation has increased significantly in recent
years, software solutions made to support data-intensive
applications have become widely used. Although many
businesses use data-driven procedures, it can still be
difficult to completely adopt a data-centric worldview. It
takes a lot of time and effort to set up a production-ready
and efficient deployment for Big Data applications. In
order to simplify deployment setup for Big Data
applications, this scenario necessitates the use of creative
models and methodologies.

Furthermore, a lot of businesses are using cloud-deployed
clusters as an affordable substitute for on-premises
deployments. Accurately forecasting the execution time
of Big Data applications is crucial for managing cloud
utilization since it enhances design-time choices, lowers
the costs associated with cloud over-allocation, and aids
in budget management. In this paper, we propose
analytical models based on Stochastic Activity Networks
(SANs) to model the execution of popular Big Data
frameworks such as Hadoop, Tez, and Spark. These
models account for both the applications themselves and
the underlying cluster infrastructure, providing accurate
execution time predictions. We evaluate the accuracy of
our proposed SAN models using the TPC-DS industry
benchmark across different configurations. With an
average prediction error of just 4.5% for MapReduce
(MR), 5.8% for Tez, and 2.7% for Spark applications, our
numerical analysis outperforms current approaches in
terms of accuracy. Furthermore, compared to previously
described methodologies, the time needed to solve the
suggested models is substantially shorter, indicating both
efficiency and increased forecast accuracy [55]. Genomic
sequence data has increased at a never-before-seen pace
since the Human Genome Project was completed at the
turn of the century. Future medical advancements will
therefore be more and more reliant on our capacity to
handle and evaluate massive genetic data sets, which are
only getting bigger as sequencing costs come down. This
research examines how big data and cloud computing
technologies may be used to manage the enormous
amounts of data found in biology. In particular, we
concentrate on big data technologies like the Apache
Hadoop project, which makes it possible to analyze data
at the petabyte (PB) scale in parallel and distributed. We
also look at how Hadoop is currently being used in the
bioinformatics field and how it is helping to advance
genomic analysis and research[56]

Fig 39. Hadoop evolution[55].
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Fig 40. Conceptualisation of the transition from
traditional computing[56]

The deep sea is a dynamic environment where
benthic ecosystems interact with the water column and
surface layers. In the aphotic zones, organisms rely on
external cues to regulate their biological clocks,
responding to cyclic hydrodynamic patterns and
fluctuations in variables like temperature, salinity,
phytopigments, and oxygen concentration. Diel Vertical
Migration (DVM) is a key component of this
synchronization, influencing benthic species' behavioral
rhythms and providing essential food for deep-sea
communities. Bioluminescent species in migrating deep
scattering layers may play a crucial role in benthopelagic
coupling, highlighting the need for enhanced methods of
detecting and quantifying bioluminescence. Integrating
bioluminescence studies into long-term monitoring
programs using deep-sea neutrino telescopes could
enhance our ability to track carbon and nutrient transfer
from the upper ocean into the deep-sea Benthic Boundary
Layer (BBL), a critical component of the ocean's
biological pump and vital for understanding climate
change impacts [57].
A study in Utah found that the air-fuel equivalence ratio
significantly predicts emissions from natural gas-fueled
pumpjack engines. Higher ratios resulted in lower
nitrogen oxide emissions but higher organic compound
emissions. For engines with higher ratios, 57% of fuel gas
passed through uncombusted, with a median NOₓ
emissions of 3 ppm. Conversely, engines with lower
ratios showed less fuel slip, higher NOₓ emissions, and
more reactive organic compounds.On average, NOₓ
emissions from the engines in this study were only 9% of
the levels reported in a regulatory oil and gas emissions
inventory for natural gas-fueled pumpjack engines.
However, volatile organic compound (VOC) emissions in
our study were 15 times higher than those in the
inventory. We hypothesize that these discrepancies arise
from variations in emissions as engines operate at lower
loads and age under field conditions. This research has
important implications for improving emissions
inventories and the effectiveness of related regulatory
measures. Additionally, our findings will enhance the
ability of photochemical models to better simulate the
atmospheric impacts of oil and gas development,
contributing to more accurate assessments of
environmental impacts.[58]

Fig 41. Major lines of action within each field for
research development.[58]

Fig 42. Innovative biomimicking applications in a
scenario of extreme environment exploration[58]

Climate science is rapidly becoming a Big Data
domain, experiencing unprecedented growth. To address
the challenges posed by this data explosion, we are
advancing the concept of Climate Analytics-as-a-Service
(CAaaS). Our focus on analytics stems from the
understanding that the true value of Big Data in climate
science lies in the knowledge gained from analyzing it,
which ultimately leads to societal benefits.
We advocate for CAaaS because it offers a structured
approach to tackling these challenges, akin to the concept
of business process-as-a-service—an evolving extension
of Infrastructure-as-a-Service (IaaS), Platform-as-a-
Service (PaaS), and Software-as-a-Service (SaaS), all
enabled by Cloud Computing. While Cloud Computing
plays a critical role, we see it as just one component in a
broader ecosystem of capabilities necessary for delivering
climate analytics as a service. Collectively, these
capabilities promote generativity—a capacity for self-
assembly—that is key to solving many Big Data
challenges in climate science.
A prime example of cloud-enabled CAaaS is MERRA
Analytic Services (MERRA/AS), which is built on this
generative principle. MERRA/AS enables MapReduce
analytics over NASA's Modern-Era Retrospective
Analysis for Research and Applications (MERRA)
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dataset. MERRA integrates observational data with
numerical models to create a globally consistent synthesis
of 26 key climate variables, which is critical for climate
change research and decision support applications.
MERRA/AS demonstrates the full potential of CAaaS by
integrating several essential generative elements:
1. High-performance, data-proximal analytics
2. Scalable data management
3. Software appliance virtualization
4. Adaptive analytics
5. Domain-harmonized API
These elements work together to provide end-to-end
CAaaS capabilities, enabling more efficient and scalable
climate analytics.

The effectiveness of MERRA/AS has been proven
through various applications. In our experience, Cloud
Computing lowers barriers to organizational change,
reduces risks, fosters innovation, and supports technology
transfer. It also provides the agility necessary to meet the
evolving needs of climate science. By offering a new tier
in the data services stack, Cloud Computing connects
enterprise-level data and computational resources with
new customers and mobility-driven applications.

For climate science, the greatest value of Cloud
Computing lies in its ability to engage communities in
building new capabilities, making it a crucial link
between Big Data and the future of climate science
research.[59]

Fig 43. Climate Data Services client stack built on
the capabilities enabled by the CDS Reference Model,
Web ServicesClient, Library, and API.[59]
In the era of big data, vast amounts of data are generated
and collected rapidly from a wide range of sources.
Embedded within this massive volume of data is valuable
information and knowledge, especially in fields such as
healthcare and epidemiology. For instance, data related to
patients affected by viral diseases like COVID-19 can
provide critical insights. By applying data science
techniques to analyze such epidemiological data,
researchers, epidemiologists, and policymakers can gain a
deeper understanding of the disease, which can inform
strategies for detection, control, and prevention.
This paper presents a data science solution designed to
analyze large-scale COVID-19 epidemiological data. The
solution provides users with a clearer understanding of
key information, such as the number of confirmed
COVID-19 cases. Evaluation results highlight the

effectiveness of our solution in uncovering valuable
knowledge from big COVID-19 data, demonstrating its
potential to aid in the fight against the pandemic.[60]
On the other hand, Big Data also brings significant
challenges, such as difficulties in capturing, storing,
analyzing, and visualizing vast amounts of data. This
paper provides an in-depth exploration of Big Data,
examining its applications, opportunities, and challenges.
It also discusses the state-of-the-art techniques and
technologies currently employed to address Big Data
issues. Furthermore, we explore several emerging
methodologies for managing the data deluge, including
granular computing, cloud computing, bio-inspired
computing, and quantum computing, all of which are key
to advancing our ability to cope with the challenges of
Big Data.[61]

Fig 44. Data deluge: the increase of data size has
surpassed the capabilities of computation[61]
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Fig 45. Big Data techniques.[61]
In today's world, medical technology has become

central to societal development. With the rapid growth of
biomedical data, the medical field is encountering various
challenges, such as the overwhelming volume of data and
the intensive computational demands required to process
it. As a result, large-scale data processing in biomedicine
has garnered significant attention. This approach has
become a primary method for analyzing various
biological and biomedical experiments, including next-
generation sequencing and mass spectrometry analysis.
Given its potential, the development of big data
processing in biomedicine is moving in a positive
direction. A key enabler of this progress is cloud
computing, which has become an essential tool in
handling the vast amounts of biomedical data. This paper
explores the role of cloud computing in biomedical data
processing and offers practical recommendations for
leveraging cloud technologies to address current
challenges in the field.[62]

Fig 46. basic models for biological cloud
solutions[62]

Fig 47. Biomedical Applications in Cloud
Computing[62]

Big Data encompasses a range of hardware and
software technologies with heterogeneous infrastructures,
and the Hadoop framework plays a key role in storing and
processing this vast volume of data. It offers a fast, cost-
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effective solution for managing Big Data and is widely
used across various sectors, including healthcare,
insurance, and social media. Hadoop is an open-source,
distributed computing framework designed for storing
and processing data on a cluster of commodity hardware.

Despite the flexibility and scalability offered by
Hadoop, the framework also introduces certain
vulnerabilities, which can become potential threats to data
security. These vulnerabilities expose the system to
attacks that can compromise data integrity and
performance. This paper discusses various types of
vulnerabilities within the Hadoop ecosystem and presents
potential solutions to mitigate or eliminate these risks.

The paper also details an experimental setup where
common attacks are performed to demonstrate the impact
of these vulnerabilities and test the effectiveness of
proposed security solutions. The results of these
experiments highlight the adverse effects of attacks on
system performance, emphasizing the need for a robust
security strategy, such as defense-in-depth, to safeguard
data in Hadoop environments.[63]
Big data refers to the massive volume of data that
requires new technologies and architectures to effectively
capture, store, and analyze in order to extract meaningful
insights. The sheer size and complexity of big data make
it difficult to apply traditional analysis techniques, which
were not designed to handle such vast amounts of
information. The unique characteristics of big data—such
as volume, velocity, variety, variability, value, and
complexity—present significant challenges in its
processing and analysis.

As big data technology continues to emerge, it offers
substantial benefits to business organizations. However,
adapting to this technology also brings its own set of
challenges. This paper introduces the concept of big data,
emphasizing its importance in the modern world, and
explores existing projects that are transforming scientific
research and societal practices through the use of big data.
The paper further discusses the various challenges and
issues associated with adopting big data technologies,
particularly the Hadoop ecosystem, and highlights the
problems that Hadoop currently faces. The paper
concludes by outlining best practices for effectively
utilizing big data and addressing the challenges in its
adoption.[64]

The Industrial Internet of Things (IIoT) is poised to
play a crucial role in enabling Industry 4.0. However,
achieving reliable and low-latency communication in
networked control automation remains a significant
challenge, as industrial networks often require strict
timing to ensure proper responses. Modern wireless
protocols for industrial networks, such as IEEE 802.15.4-
2015 with time-slotted channel hopping (TSCH), rely on
a precisely scheduled transmission plan to prevent
collisions and ensure deterministic end-to-end traffic.

Despite its benefits, guaranteeing bounded end-to-
end latency in TSCH is challenging, as transmissions

must be temporally coordinated. This becomes even more
complex when link quality degrades, potentially requiring
a full reconstruction of the TSCH schedule along the
communication path.

To address these challenges, we propose a Low-
Latency Distributed Scheduling Function (LDSF). This
approach organizes the TSCH slotframe into smaller
segments called "blocks." Each transmitter selects the
appropriate blocks based on its hop distance from the
border router, ensuring that retransmission opportunities
are automatically scheduled. Additionally, to conserve
energy, nodes can power down their radios as soon as
their packet is successfully acknowledged.

Mathematical analysis and simulation evaluations
demonstrate the effectiveness of the proposed LDSF
algorithm. When compared to three state-of-the-art
scheduling functions (SFs)—1) Minimal SF (MSF), 2)
Low-Latency SF (LLSF), and 3) Stratum—LDSF shows
superior performance in terms of latency and
efficiency.[65]

The Internet of Things (IoT) is revolutionizing
everyday life by enabling new services that enhance
convenience and efficiency. This technology, in turn,
integrates with other emerging technologies like Big Data,
Cloud Computing, and Monitoring, offering a powerful
framework for data-driven solutions. In this work, we
explore the synergies between these four technologies to
identify common operations and combine their
functionalities in ways that create beneficial use cases.

While the broader concept of smart cities is widely
discussed, our focus is on developing innovative systems
for collecting and managing sensor data in a smart
building operating within an IoT environment. We
propose using a cloud server as the core technology for
the sensor management system. This server would collect
data from various sensors installed throughout the
building, enabling centralized management and control.

Through the IoT-enabled network, users can
remotely monitor and control the system via mobile
devices, making it easy to access and manage data from
anywhere. The integration of these technologies in a
smart building can lead to enhanced energy efficiency
and sustainability, ultimately contributing to the creation
of a Green Smart Building.[66]

This work proposes an innovative infrastructure for
secure management of big data (BD) in smart buildings
(SBs) within a wireless-mobile 6G network. As the
telecommunications field continues to rapidly evolve,
new challenges and opportunities arise. The sixth-
generation (6G) wireless network not only builds on the
benefits of its predecessors but also addresses some of the
limitations encountered in earlier versions. Moreover,
technologies related to telecommunications, such as the
Internet of Things (IoT), cloud computing (CC), and edge
computing (EC), can seamlessly operate within the 6G
network, further enhancing its capabilities.
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Building on these advancements, we propose a
scenario that integrates IoT, CC, EC, and BD to create a
smart and secure environment in smart buildings. The
primary goal of this work is to develop a novel secure
cache decision system (CDS) within a wireless 6G
network for SBs. This system aims to provide users with
a safer and more efficient environment for browsing the
Internet, as well as for sharing and managing large-scale
data in the fog computing layer.
The proposed CDS consists of two types of servers: a
cloud server and an edge server. To support this proposal,
we examine and compare existing cache decision systems,
outlining their strengths and weaknesses. Our work aims
to improve upon these systems by offering a secure,
efficient, and scalable solution for managing big data in
the context of 6G-enabled smart buildings.[67]

Fig 48. Proposed System Architecture.[67]

Fig 49. Proposed Cache Decision System (CDS).[67]

Energy-saving (ES) systems based on the Internet of
Things (IoT) play a crucial role in enhancing smart homes
by automating the understanding of human behavior and
activity recognition. However, traditional approaches
often struggle to capture the relationships between users'
contexts and the energy-saving actions of appliances.
These methods also face challenges in handling large
volumes of metering data and time-varying user context
datasets. Additionally, privacy concerns—both from
residents and utility providers—are a significant issue
when dealing with sensitive data.

To address these challenges, we propose a privacy-
preserving, residential context-aware online energy-
saving system (PRCOES) for IoT-enabled smart homes.
In this system, we model the repeated interaction between
energy-saving actions of appliances and user activity
recognition as a contextual multi-armed bandit (CMAB)
problem. Using this approach, a context-aware online
learning algorithm can predict the most appropriate
energy offers (EOs) that meet user satisfaction, task
completion rates, and energy-saving goals for appliances.

Our system employs a tree-based structure that
expands from top to bottom to recommend EOs, which is
scalable and capable of handling large metering datasets
while maintaining user context-awareness. Theoretical
analysis demonstrates that our approach achieves
sublinear regret and ensures differential privacy for both
residents and utility providers.
Experimental results validate that PRCOES not only
enhances the user experience by improving energy
savings but also promotes sustained engagement with the
system. Furthermore, it ensures privacy protection for
both residents and utility providers, addressing a key
concern in the deployment of smart home energy
systems.[68]
Protecting software from malicious reverse engineering
remains a significant challenge for commercial software
companies that invest heavily in developing their
products. To safeguard their investments against attacks
such as illegal copying, tampering, and reverse
engineering, many companies rely on protection software,
known as obfuscators, to create variants of their products
that are more resilient to adversarial analysis.
In this paper, we assess the effectiveness of different
commercial obfuscators against traditional man at the end
(MATE) attacks, where an adversary, acting as a
legitimate end-user, employs tools such as debuggers,
disassemblers, and decompilers to analyze binary
executables. Our case study involves four benchmark
programs, each with specific adversarial goals classified
into comprehension or change tasks.
We use both static and dynamic analysis techniques to
evaluate the adversarial workload and outcomes before
and after each program is obfuscated with three different
commercial obfuscators. Our findings confirm the
commonly held assumption: an adversary with a
reasonable background in computing can easily
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comprehend and modify completely unprotected
programs using standard tools. While obfuscated
programs are more resilient, they can still be probed by an
adversary to leak certain information. However, none of
the protected programs could be successfully altered and
saved to create a cracked version.

A key contribution of this study is our unique
methodology for evaluating obfuscation effectiveness.
Unlike prior research, we categorize adversarial skills and
divide program goals into comprehension and change
abilities. Additionally, we consider the load time and
performance overhead of obfuscated variants, providing a
more comprehensive assessment of obfuscation
techniques.[69] Software is essential in modern-day life,
and software companies often embed secrets into their
programs to manage licensing and protect their
intellectual property (IP). These secrets, typically in the
form of passwords, PINs, or activation codes, are
evaluated through point functions, where only the correct
input will allow an end-user to legally install or use a
product. However, Man at the End (MATE) attacks pose
a serious threat to the security of such systems. In these
attacks, legitimate software owners, who have full access
to the software and its execution environment, can use
static and dynamic analysis tools to retrieve or alter
sensitive data directly from the program's executables.

Fig 50. Proposed Categories of Malicious Reverse
Engineers[69]

Fig 51. Formulated Null Hypotheses[69]
While software companies use legal measures to

deter theft, many also rely on technical solutions such as
software protection techniques to safeguard their IP
against MATE attacks. This paper presents a novel

approach to software protection that involves virtualizing
software into an alternate, semantically equivalent form.
Unlike traditional virtualization, which acts as an
interpreter that converts one instruction set into another,
our approach focuses on virtualizing instructions into a
hardware or circuit representation.

Although the concept of secure multi-party
computation also involves circuit-based code realization,
we are the first, to our knowledge, to apply this idea in
the context of software protection. Our approach builds
upon the fundamental principle that "every program can
be converted to a circuit and every circuit can be
represented as a program." This leads to the development
of a technique we call Software based Hardware
Abstraction (SBHA).

The contributions of this work are as follows:
1. Realization of SBHA: We propose a novel, low-
overhead obfuscation technique that transforms point
functions in C programs into hardware abstractions.
2. Resilience and Effectiveness: We demonstrate SBHA's
potency against well-known dynamic symbolic analysis
tools (such as Klee and Angr), its resilience to compiler
and circuit-based deobfuscation methods, and its stealth
(when combined with supporting obfuscations), all while
maintaining minimal cost.
3. Efficiency: Our approach introduces a new form of
software virtualization, with only 3x code overhead
significantly more efficient than traditional virtualization
transformations, while completely thwarting symbolic
execution-based attackers.
4. Unification of Research Areas: We bridge two
historically separate fields software obfuscation and
hardware (circuit) obfuscation by integrating ideas from
both domains. SBHA harnesses over a decade of prior
research from both communities to improve software
protection.
In summary, this paper introduces SBHA, a novel
approach to software protection that combines software
obfuscation with hardware abstraction, offering a new
level of security against MATE attacks while maintaining
high efficiency and low overhead.[70]
III. Results and Discussion

In real-world scenarios, the volume of data increases
linearly over time. Social networking sites like Facebook
and Twitter have already identified the potential for data
growth that could become uncontrollable in the future. To
manage this massive influx of data, the proposed method
processes the data in parallel, breaking it into smaller
chunks across distributed clusters, and then aggregates
the results from these clusters to generate the final
processed data.

Within the Hadoop framework, MapReduce is
employed to handle tasks such as filtering, aggregation,
and maintaining efficient storage structures. The data is
refined using collaborative filtering techniques, which
help predict and identify the specific data requested by
users. Additionally, the proposed method is enhanced
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with sentiment analysis, leveraging natural language
processing (NLP) to parse data into tokens. Emoticon-
based clustering is then applied, grouping data according
to user emotions to match the needs of individual users.
The results demonstrate that this approach significantly
improves the performance of complexity analysis,
enhancing the overall efficiency and accuracy of data
processing.[71]

Fig 52. Execution Flow of a MapReduce process.[71]

Fig 53. Comparison between Existing and Proposed
Systems [71]

To meet class-specific Quality of Service (QoS)
requirements in next-generation wireless networks, it is
crucial to manage broadband services efficiently. In this
context, a self-optimization technique has emerged as a
practical solution for controlling and managing large-
scale data networks. This technique enables autonomous
control of resources and key performance indicators
(KPIs) without human intervention, relying solely on
network intelligence.

This study introduces a Big Data-based Self-
Optimization Networking (BD-SON) model for wireless
networks, where KPI parameters affecting QoS are
controlled through a multi-dimensional decision-making
process. The model incorporates a Resource Management
Center (RMC) that allocates the necessary resources to
different parts of the network, based on decisions made
by the SON engine. This allocation process ensures that
the QoS constraints of multicast sessions are met, with
the primary challenge being the management of
interference constraints.

Additionally, a Load-Balanced Gradient Power
Allocation (L-GPA) scheme is applied to the QoS-aware
multicast model. This scheme adjusts the transmission
power levels based on link capacity requirements, helping
to optimize network performance. Experimental results
demonstrate that the proposed power allocation
techniques significantly increase the likelihood of
achieving an optimal solution. Furthermore, the results
confirm that the BD-SON model delivers notable
improvements in QoS, capacity, and load-balancing
optimality, while maintaining low complexity in network
management.[72]

Fig 54. the proposed BD-Son Architecture[72]
Cloud storage systems have evolved to handle the

massive volume of heterogeneous and rapidly changing
data, commonly referred to as Big Data. However, due to
the large-scale hardware components that make up these
systems, failures are inevitable, posing significant
challenges to ensuring the reliability and fault tolerance
of cloud storage for Big Data applications.

Replication and erasure coding are two critical data
reliability techniques commonly used in cloud storage
systems. Each method comes with its own trade-offs in
terms of durability, availability, storage overhead,
network bandwidth and traffic, energy consumption, and
recovery performance. This survey examines the
challenges associated with employing both techniques in
cloud storage systems for Big Data applications,
considering the aforementioned parameters.

Furthermore, we propose a conceptual hybrid
technique designed to enhance the reliability, latency,
bandwidth usage, and storage efficiency of Big Data
applications in cloud computing environments. This
approach aims to address the shortcomings of each
individual technique while improving overall system
performance.[73]

Fig 55. Failure Handling in Cloud Data Centres[73]

Fig 56. Comparison between replication and erasure
coding[73]
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Fig 57. Reliability management of Big Data
applications on cloud computing: concep tual
architecture[73]
In recent years, Big Data has become a prominent
research topic, driven by the exponential growth in data
volumes. However, this rapid expansion also increases
the risk of privacy breaches, particularly as Big Data
requires substantial computational power and storage
capacity, often relying on distributed systems. The
involvement of multiple parties in these systems further
heightens the risk of privacy violations. To address these
concerns, various privacy-preserving mechanisms have
been developed to protect privacy at different stages of
the Big Data lifecycle, including data generation, storage,
and processing.
This paper provides a comprehensive overview of these
privacy-preserving mechanisms and highlights the
challenges faced by existing solutions. Specifically, we
examine the infrastructure of Big Data and the state-of-
the-art privacy protection techniques employed at each
stage of the Big Data lifecycle. Additionally, we discuss
the ongoing challenges and identify key areas for future
research in privacy preservation within the context of Big
Data.[74]

Fig 58. Comparison of encryption schemes.[74]

Fig 59. Comparison of integrity verification
schemes[74]
In recent years, a vast amount of structured, unstructured,
and semi-structured data has been generated by
institutions worldwide, collectively referred to as *Big
Data*. The healthcare sector, in particular, faces the
challenge of managing this large volume of
heterogeneous data produced by various sources,
including electronic health records, medical imaging, and
genomic databases. To address this challenge, a range of
big data analytics tools and techniques have been
developed, particularly within the Hadoop ecosystem.
This paper explores the impact of big data in healthcare
and reviews the tools available within the Hadoop
ecosystem for processing and analyzing this data.
Additionally, we examine the conceptual architecture of
big data analytics in healthcare, which encompasses data
from various sources, including clinical decision support
systems, genomic databases, electronic health records,
and text or imagery data. By understanding these tools
and frameworks, we can better address the challenges of
managing and utilizing big data in healthcare to improve
patient care and decision-making.[75]

Fig 60. Newpathways that have impact on big
data.[75]
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Fig 61. Conceptual architecture of big data analytics
for health informatics.[75]

Cloud computing provides a flexible and scalable model
that allows users and organizations to purchase services
based on their specific needs, offering a wide range of
services such as storage, deployment platforms, and easy
access to web services. However, one of the common
challenges in cloud environments is load balancing (LB),
which is critical for maintaining application performance
while ensuring adherence to Quality of Service (QoS)
metrics and Service Level Agreements (SLA) set by
cloud providers.
Load balancing becomes particularly challenging for
cloud providers who must efficiently distribute workloads
across servers to maintain optimal performance. An
effective LB technique should not only optimize resource
usage but also ensure high user satisfaction by efficiently
utilizing virtual machine (VM) resources.
This paper provides a comprehensive review of various
load balancing techniques in cloud environments,
focusing on static, dynamic, and nature-inspired
approaches. These techniques are evaluated in terms of
their impact on data center response time and overall
system performance. The paper also includes an
analytical review of key algorithms and identifies
research gaps, offering a perspective for future
developments in this area. To aid in understanding, a
graphical representation of the reviewed algorithms is
provided to illustrate their operational flow. Additionally,
the paper presents a fault-tolerant framework and
explores other existing frameworks in the recent
literature.[76]

Fig 62. Classification of Load Balancing Metrics[76]

Fig 63. Taxonomy of Load Balancing Algorithms[76]

Fig 64. Simulation Tools of Reviewed Articles[76]
Clustering algorithms have become a powerful tool in
meta-learning, enabling accurate analysis of the massive
volumes of data generated by modern applications. Their
primary goal is to categorize data into clusters, grouping
similar objects together based on specific metrics. Despite
the vast body of knowledge in the field of clustering, a
significant challenge remains in the application of these
algorithms to big data. A major issue is the lack of
consensus on the definition of clustering properties and
the absence of a formal categorization framework, which
often leads to confusion among practitioners.
This paper addresses these challenges by introducing key
concepts and algorithms related to clustering. It provides
a concise survey of existing clustering techniques and
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offers both theoretical and empirical comparisons. From a
theoretical standpoint, we propose a categorization
framework based on the key properties identified in
previous studies. Empirically, we conduct extensive
experiments comparing the most representative
algorithms from each category, using a large set of real-
world big data.
The effectiveness of these clustering algorithms is
evaluated using various internal and external validity
metrics, as well as tests for stability, runtime, and
scalability. Additionally, we identify the best-performing
clustering algorithms for big data applications.[77]

Fig 65. An overview of clustering taxonomy.[77]

Fig 66. Stability of the candidate clustering
algorithms.[77]

Fig 67. Compliance summary of the clustering
algorithms based on empirical evaluation metrics.[77]

In 2004, Walmart boasted the world's largest data
warehouse, with a storage capacity of 500 terabytes—
equivalent to 50 printed collections of the U.S. Library of
Congress. By 2009, eBay's storage had reached eight
petabytes, roughly equivalent to 104 years of HD TV
video. Just two years later, Yahoo's data center grew to
170 petabytes—about 8.5 times the total hard drive
storage produced in 1995. As digitalization has expanded,
organizations across various sectors have accumulated
vast amounts of data, capturing trillions of bytes about
their customers, suppliers, and operations. The volume of
data continues to grow exponentially due to the increase
in machine-generated data (e.g., log files, sensor data)

and the surge in human-generated content on social media
platforms.
Given the sheer scale of data involved, processing such
massive volumes has become a significant challenge,
which has led to the rise of "big data" technologies. This
paper explores key aspects of big data, including its core
components and the associated cost considerations. In
Section II, we discuss the important aspects of big data,
with a focus on its costing issues. Section III addresses
the challenges organizations face when transitioning from
traditional database systems to big data architectures.[78]
As emerging technologies and associated devices
continue to evolve, it is predicted that a massive volume
of data will be generated in the coming years. In fact,
nearly 90% of the current data has been created in just the
past few years, and this trend is expected to persist for the
foreseeable future. Sustainable computing focuses on
designing computers and their subsystems efficiently and
effectively, with minimal environmental impact.
However, current machine learning systems, particularly
in the context of intelligent applications, are primarily
performance-driven. The emphasis is on predictive or
classification accuracy based on known properties
derived from training samples. For example, many
nonparametric machine-learning models require
substantial computational resources to identify global
optima. As datasets grow larger, the number of hidden
nodes in the model typically increases, resulting in an
exponential rise in computational complexity.
This paper reviews both theoretical and experimental data
modeling literature from large-scale, data-intensive fields.
It covers (1) model efficiency, including the
computational requirements for learning and the structure
and design of data-intensive systems, and (2) introduces
new algorithmic approaches that minimize memory
requirements and processing demands. These approaches
aim to reduce computational costs while maintaining or
improving predictive accuracy, classification performance,
and overall system stability.[79]

Fig 68. Two-dimensional (2D) vector
quantization[79]

As the volume of data continues to grow
exponentially, traditional strategies for handling big data
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are becoming increasingly inadequate. To effectively
analyze such large datasets, alternative approaches are
needed to partition the data into statistically
representative blocks that can be used for analysis. This
paper introduces the Random Sample Partition (RSP)
distributed data model, which divides a big data set into
disjoint data blocks, referred to as RSP blocks. Each RSP
block is designed to have a probability distribution that
closely mirrors that of the entire data set.
These RSP blocks can be leveraged to estimate the
statistical properties of the data and build predictive
models without the need to process the entire dataset. The
paper highlights the advantages of using the RSP model
for sampling from big data and presents a new RSP-based
method for approximate big data analysis. This method
offers significant reductions in computational complexity,
making it particularly useful in real-world industrial
applications. By using the RSP model, data scientists can
increase their productivity and efficiently manage the
computational demands of big data analysis.[80]

Fig 69. Asymptotic Ensemble Learning
Framework[80]

The future of humanity increasingly relies on the
performance and sustainability of cities. Big data offers
powerful tools to study and improve interconnected urban
systems—spanning environmental, social, and economic
factors—to achieve urban sustainability. However, the
definition of big data and its application to urban studies
have been inconsistent, with research on this topic
remaining sporadic in both focus and geographical scope.
Therefore, a comprehensive review of big data-based
urban environment, society, and sustainability (UESS)
research is essential.
This study aims to provide a systematic review of big
data-based UESS research, combining bibliometric and
thematic analyses. Our findings reveal a sharp increase in
the number of publications and citations in recent years.
Human behavior data stands out as the most commonly
used type of big data in UESS research. The primary
analytical methods employed include classification,
clustering, regression, association rules, and social
network analysis.

Key research topics in big data-based UESS include
urban mobility, land use and planning, environmental
sustainability, public health and safety, social equity,
tourism, energy and resource utilization, as well as
sectors like real estate, retail, accommodation, and
catering. Big data enhances UESS research by providing
people-oriented perspectives, real-time information, and
fine-resolution spatial dynamics.
However, challenges persist in applying big data to UESS
research, including issues with data quality and
acquisition, storage and management, security and
privacy, as well as data cleaning, preprocessing, and
analysis. To advance the field, future research should
focus on integrating multiple big data sources, utilizing
emerging methods such as deep learning and cloud
computing, and expanding research into the interactions
between human activities and urban environments.
This review aims to provide a clearer understanding of
the current state of big data-based UESS research and
offer insights for future studies in this growing field.[81]
In recent years, numerous business cases leveraging big
data have been realized. Prominent examples include
social networking giants like Twitter, LinkedIn, and
Facebook, as well as companies in other sectors such as
Netflix, which focuses on streaming movies, and various
organizations improving network traffic monitoring or
enhancing processes in manufacturing. Additionally,
implementation architectures for these big data use cases
have been published. However, conceptual work that
integrates these diverse approaches into a unified
reference architecture remains limited.
This paper addresses this gap by proposing a technology-
independent reference architecture for big data systems,
derived from an analysis of published implementation
architectures across different big data use cases. A key
contribution of this paper is also the classification of
related implementation technologies and
products/services, based on an analysis of the published
use cases and a review of relevant literature.
The reference architecture and classification provided in
this paper aim to assist in the architecture design process
and guide the selection of technologies or commercial
solutions when constructing big data systems. By
consolidating these insights, the paper offers a cohesive
framework that can be applied to a wide range of big data
applications.[82]
The growing popularity of big data analytics (BDA) has
prompted organizations to explore the potential of their
large-scale data. BDA has become a strategic tool for
organizations, offering opportunities to achieve
competitive advantage and sustainable growth. However,
much of the previous research on BDA has focused
primarily on the traits of big data, known as the "Vs"
(volume, velocity, variety, etc.), while giving less
attention to the quality of the data used in BDA
applications.
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To address this gap, this study aims to investigate the
impact of both big data traits and data quality dimensions
on the application of BDA. The study formulated 10
hypotheses that examine the relationships between big
data traits, key data quality dimensions (such as accuracy,
believability, completeness, timeliness, and ease of
operation), and BDA application outcomes.
A survey was conducted using a questionnaire to collect
data, and partial least squares structural equation
modeling (PLS-SEM) was employed to analyze the
relationships between the constructs. The results revealed
that big data traits significantly influence all data quality
dimensions, and that ease of operation has a notable
effect on the application of BDA.
This study contributes to the BDA literature by providing
new insights into how big data traits and data quality
dimensions interact to influence BDA application. The
findings may serve as valuable guidance for both future
researchers and practitioners seeking to better understand
and implement BDA in real-world settings.[83]

Fig 70. The proposed conceptual model for BDA
application [83]

A cloud framework refers to the collection of
components such as development tools, middleware, and
database services that are essential for cloud computing.
These components help in the development, deployment,
and management of cloud-based applications, making the
cloud an effective paradigm for scaling dynamically
allocated resources and handling complex computations.
Big Data Analytics (BDA) plays a crucial role in cloud
architecture by providing data management solutions for
storing, analyzing, and processing large volumes of data.
This paper offers a performance-based comparative
analysis of cloud-based big data frameworks from leading
enterprises such as Amazon, Google, IBM, and Microsoft.
The aim is to provide researchers, IT analysts, and
business users with valuable insights to help them select
the most suitable framework for their specific needs,
ultimately ensuring successful outcomes.[84]

The recent surge of big data has significantly
impacted Malaysia, prompting both industry and

academic communities to actively address the challenges
of insight, hindsight, and foresight. This effort aims to
position Malaysia among the global leaders in the big
data information economy over the next decade. The
rapid advancement of Information and Communication
Technology (ICT) has been pivotal, as the growing
number of users accessing data continues to increase.
This phenomenon has come to be known as "big data."

So, what exactly is big data? We define big data as a
valuable asset that requires a specialized platform to
manage, mine, and analyze datasets with characteristics
beyond the capacity of traditional data storage systems.
The unique behavior of big data is driven by three key
attributes: volume, velocity, and variety. To handle these
attributes, new architectures, techniques, algorithms, and
analytics are essential to uncover the valuable insights
hidden within large volumes of data.
In this paper, we share our experiences in setting up a
Data Science/Big Data platform, developing algorithms,
and creating tools that align with the "plug-and-play"
model for big data. Our focus is on integrating these
solutions within the academic environment while also
providing services to the wider community and
industry.[85] In this paper, we propose a novel secure role
re-encryption system (SRRS) designed to prevent privacy
data leakage in cloud environments, while also enabling
authorized deduplication and supporting dynamic
privilege updates and revocations. The system efficiently
ensures proof of ownership and supports ownership
verification for authorized users.

Fig 71. Correlations between Data Science and Big
platform g Data under big data [85]

Our SRRS utilizes convergent encryption and a role
re-encryption algorithm to achieve secure data access.
Specifically, we introduce a management center that
handles authorized requests and establishes a role-
authorized tree (RAT) to map the relationship between
roles and encryption keys. By leveraging convergent
encryption and role re-encryption techniques, we ensure
that only authorized users with the corresponding re-
encryption key can access specific files, preventing
unauthorized data access and leakage.
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The system also supports dynamic privilege management
by enabling the updating and revoking of role re-
encryption keys, allowing for the flexible and secure
management of user privileges. Additionally, we
implement dynamic count filters (DCF) to facilitate
efficient data updates and enhance ownership verification
during retrieval.
We conduct both security analysis and simulation
experiments to demonstrate the effectiveness and
efficiency of our proposed system in ensuring data
privacy, security, and proper access control in cloud
environments.[86]

Fig 72. Overview of the SRRS system.[86]

Fig 73. Performance analysis of system. (a) The
computational cost of generating file token. (b) The

computational cost of encryption and decryption. (c) The
computational cost of role re-encryption (rkey 256bit). (d) The

computational cost of role re-encryption (rkey (e) The
computational cost of role re-encryption (rkey 512bit).

1024bit). (f) The computational cost of re-decryption. (g) The
computational cost of RAT initialization. (h) The

computational cost of RAT retrieval.[86]

Fig 74. Performance analysis of system. (a) The
computational cost of DCF initialization (token DCF
initialization (token 64bit). (c) The computational cost of
DCF initialization (token 16bit). (b) The computational
cost of 256bit). (d) The computational cost of DCF
initialization (token 1024bit). (e) The computational cost
of PoW challenge generation. (f) The computational cost
of PoW verification.[86]

Our clustering analysis of international
collaborations identified two major research clusters: one
linking Asia and North America, and another centered in
Europe. From this analysis, three key research areas
emerged: (i) energy provision, primarily relying on
microbial fuel cells to power marine robots; (ii)
biomaterials, which are still in development for fully
operational soft-robotic solutions; and (iii) design and
control, with a focus on optimizing locomotor designs.
Despite advancements in these areas, marine biomimetic
robotics still faces significant challenges, particularly in
providing long-lasting energy solutions that hinder
operational autonomy. Consequently, there is a pressing
need in the research community to identify natural
processes by which living organisms obtain and manage
energy. By understanding these processes, researchers
can develop more efficient systems to sustain energy-
demanding tasks, while also optimizing natural designs to
minimize energy consumption.[87]
The invention relates to systems, methods, and computer
program products designed for the authorization and use
of cross-linked resource instruments. This system
enhances the flexibility of resource transfers by enabling
a user to establish a virtual link between an account and a
resource instrument that was not originally associated
with the account. As a result, the user can complete
transactions using their preferred account, even if the
original resource instrument is lost, damaged, or
otherwise rendered ineffective. Additionally, the system
allows for real-time activation of cross-link requests,
enabling users to quickly and efficiently complete
transactions from any location.[88]
This predictive correlational quantitative research study
investigates the effectiveness of existing Information
System (IS) tools, such as e-learning platforms, in U.S.
high schools. The study highlights the gap between the
promising performance of these IS tools and the tangible
educational outcomes they deliver, with a specific focus
on educators.
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Using Gable's IS Impact Measurement Model, the
research employs Partial Least Squares Structural
Equation Modeling (PLS-SEM) via SmartPLS 4 to
validate a formative IS impact model within the context
of high school education. The study gathered valid
responses from 237 participants, including educators,
administrators, and IT personnel across diverse U.S. high
schools.
Quantitative statistical analysis in this study includes
rigorous assessments of both the measurement and
structural models for reliability and validity. The overall
results reveal that several key variables such as
Information Quality, Individual Impact and
Organizational Impact have a significant positive effect
on the Overall Impact experienced by educators.
However, System Quality was found to have no
significant impact on the overall outcomes.
The study aims to lay the groundwork for future research
on the adoption and implementation of the IS impact
model as an assessment framework in educational settings,
encouraging data-driven decisions for IS integration. The
findings provide empirical evidence to help bridge the IS
gaps in U.S. high schools and offer insights into
rationalizing the success and impact of IT in educational
environments.[89]

Fig 75. the updated version of the IS Success
Model[89]

Technological advancements have significantly
transformed product management by integrating artificial
intelligence (AI) across various organizations. This
research paper examines the impact of AI on automating
routine product management tasks, thereby improving
efficiency. The study also incorporates Resource-Based
Theory (RBT) as a theoretical framework, exploring how
AI capabilities contribute to identifying critical resources
necessary for developing strong AI capabilities in product
management.
The research methodology involved developing AI tools
to measure AI capabilities and their relationship with
organizational creativity, ultimately enhancing overall
performance. The findings provide compelling evidence
that AI can significantly boost organizational creativity
and performance, highlighting its potential as a valuable
resource in modern product management.[90]
Since the 1950s, both the plastic industry and consumer
demand have surged, leading to a dramatic increase in
plastic waste, particularly in the oceans, which has grown

tenfold since 1980. This pollution poses significant
threats to marine life, with many animal species unable to
survive in these polluted environments. The effects are
far-reaching, impacting plankton populations and
disrupting the carbon cycle, which in turn contributes to
global warming. This is just one example of how
inefficient use of scarce resources, coupled with poor
planning, generates waste and harms the natural world.
In response to these challenges, the concept of a circular
economy (CE) has emerged as a promising alternative to
the traditional, wasteful linear model of production. CE
focuses on maximizing the value of raw materials
throughout a product's entire life cycle, emphasizing
reuse, recycling, and remanufacturing. This approach
aims to minimize waste and reduce the environmental
impact of industrial processes.
Two cutting-edge technologies that are poised to
accelerate the adoption and implementation of CE are
artificial intelligence (AI) and machine learning (ML).
This research explores how AI applications are being
integrated into CE, offering innovative solutions for
waste reduction, resource efficiency, and sustainability in
manufacturing practices.[91]
Data analysis has become crucial for the survival and
success of organizations in today’s digital and
competitive landscape. To store vast amounts of data,
various OLTP ERP systems such as SAP S/4HANA,
Amazon S3, and Oracle NetSuite are commonly used.
However, accessing this data efficiently can be
challenging due to the high costs associated with
extraction, transformation, and loading (ETL) processes,
as well as the complexities of data maintenance,
monitoring, and visualization in data warehousing.
Serverless systems have emerged as a solution to simplify
data analysis. These systems offer key advantages,
including ease of operation, automatic scalability, and
lower costs for accessing large datasets. Popular
serverless platforms like Amazon Athena, Amazon Glue,
Microsoft Azure, and Google BigQuery offer these
features. Among them, Amazon Athena stands out for its
cost-effectiveness, seamless integration with Amazon S3,
scalability, security, and overall simplicity.
This paper explores the serverless architecture of Amazon
Athena and provides insights on how to troubleshoot
common issues encountered when accessing large data
volumes using the platform.[92]
Artificial Intelligence (AI) has emerged as a
transformative force across various industries, and higher
education is no exception. This critical review explores
the evolving role of AI in Science, Technology,
Engineering, and Mathematics (STEM) education. It
examines the impact of AI on various aspects of STEM
higher education, including teaching and learning
methodologies, curriculum design, student engagement,
assessment practices, and institutional strategies. The
paper also discusses the potential benefits and challenges
of integrating AI into STEM education, while identifying
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key areas for future research and development. Ultimately,
this article provides valuable insights into how AI can
revolutionize STEM higher education and offers
recommendations for fully leveraging its potential.[93]
Organizations are increasingly relying on vast amounts of
data to drive business decisions. However, the data
collected from various sources is often "dirty," which can
compromise the accuracy of predictions and analyses.
Data cleansing is essential for improving data quality,
ensuring that the data is accurate and ready for analysis.
As the volume of data continues to grow annually, many
traditional data cleansing methods are becoming
inadequate for handling big data.
The data cleansing process typically involves identifying
errors, detecting issues, and correcting them. While this
process is critical for ensuring high-quality data, it is also
complex and time-consuming. Given the need for quick
analysis, organizations face significant challenges in
maintaining data quality. Furthermore, the role of domain
experts is crucial in the data cleansing process, as their
input is vital for verification and validation of the cleaned
data.
This paper reviews the data cleansing process, explores
the challenges posed by big data, and examines the
available methods for data cleansing.[94]
Big Data plays a crucial role in the decision-making
process by uncovering valuable insights that drive
business and engineering advancements. However,
managing and processing such large volumes of data
presents significant challenges. Cloud computing has
emerged as a key enabler, offering the necessary
computational, networking, and storage capabilities to
support Big Data operations. This paper provides a
review of how cloud computing resources facilitate the
transformation of Big Data, while also highlighting the
opportunities and challenges involved in this process.[95]

Fig 76. Summary of Key Differences[95]

Fig 77. Primary Cloud Computing Services[95]

Fig 78. Overview of IoT, Big Data processing and
Cloud Computing[95]

Cloud computing has gained significant popularity
due to its appealing features, and as the development of
new applications accelerates, the load on cloud systems is
increasing rapidly. Load balancing, a crucial aspect of
cloud computing, ensures that all devices or processors
distribute the workload evenly, allowing each to perform
an equal amount of work in a similar time frame. Over
the years, various models and algorithms for load
balancing have been developed to optimize cloud
resource allocation, making cloud services more
accessible and convenient for end users.
This paper provides a structured and comprehensive
overview of research on load balancing algorithms in
cloud computing. Specifically, it surveys the state-of-the-
art tools and techniques developed between 2004 and
2015. We categorize the existing approaches based on
their load balancing models, offering a clear and concise
view of the underlying principles adopted by each method.
This categorization helps in understanding the different
strategies used to achieve fair and efficient load balancing
in cloud environments.[96]

Fig 79. Merits and demerits of load balancing
algorithms[96]

The era of big data is upon us, but the enormous
volumes of data involved may be too much for
conventional data analytics techniques to handle. The
creation of high-performance systems that can effectively
analyze large amounts of data and the implementation of
efficient mining algorithms to get insightful information
from it provide a significant challenge. This article starts

with an introduction to data
analytics and then dives into a
detailed discussion of big data
analytics in order to thoroughly
examine this problem.
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Additionally, we identify important open issues and
propose potential directions for future research in the
field of big data analytics [97].

Fig 80. The basic idea of big data analytics on cloud
system[97]

Fig 81. A simple example of distributed data mining
framework[97]

The usage of cloud data centers has significantly
increased as a result of the quick expansion of today's IT
requirements. In this context, lowering these data centers'
computational power usage is one of the main problems.
Reducing the amount of resources allotted to a job can
assist reduce energy usage since power consumption is
directly proportional to the number of resources given to
tasks.

In this paper, we examine energy consumption in
cloud environments across various services and propose
strategies to promote green cloud computing. By
optimizing resource allocation, we aim to reduce overall
system energy consumption. Task allocation in cloud
computing is a well-known challenge, and addressing it
effectively can contribute to greener, more energy-
efficient cloud operations.
An approach for adaptive work allocation that is tailored
for varied cloud settings is what we suggest. This method
aims to minimize the system's make span and lower
energy usage at the same time. Our simulation findings
show that the suggested approach performs better than
current methods in terms of energy efficiency when we
implemented it in the CloudSim simulation environment.
The suggested method presents a viable way to maximize

energy use in cloud data centers, supporting more
environmentally friendly cloud computing procedures.
[98].

Businesses are developing sophisticated artificial
intelligence systems that can monitor security and
infrastructure data to swiftly and automatically identify
possible risks as a result of the increased threat of
cyberattacks on a global scale. Machine learning-powered
security analytics is a promising field in cybersecurity
that seeks to mine security data and lower the high
maintenance costs related to static rules and procedures.

Nevertheless, choosing the right method is a
significant obstacle when using machine learning for
security log analytics. This continues to be a major
obstacle to the effective application of AI in cybersecurity,
particularly in expansive or international Security
Operations Centers (SOCs), where there is a high risk of
false-positive detections. To reduce these mistakes and
increase detection accuracy in such settings, selecting the
appropriate machine learning strategy is essential.
A machine learning method that can reduce false
positives is a crucial component of a successful cyber
threat exposure system. Threat detection systems
frequently use logistic regression, one of the most used
machine learning techniques. As part of supervised
learning, logistic regression is a fundamental
classification algorithm that beginners in machine
learning encounter early in their studies. It is essential for
threat identification, but how well it is used in the larger
framework of security log analytics and threat detection
systems determines how successful it is[99].

Fig 82. Confusion Matrix showing theaccuracy of the
model on cyber threat detection[99]

Enterprise Resource Planning (ERP) systems have
evolved significantly with the integration of emerging
technologies like Machine Learning (ML), Artificial
Intelligence (AI), and the Internet of Things (IoT). In
particular, the use of SAP HANA as an in-memory
database has been instrumental in enabling faster and
more efficient processing of large data sets. Researchers
such as Kunkulagunta and Raghunath have explored how
ERP systems can leverage these technologies to optimize
data analytics, anomaly detection, and predictive
maintenance within industrial processes. By embedding
machine learning models, ERP platforms can identify
patterns, make real-time decisions, and predict outcomes
that would otherwise be missed by traditional data
processing methods. This application enhances system
reliability and supports more informed decision-making
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for businesses, thereby increasing their operational
efficiency [100-104].
Moreover, the shift to cloud-based ERP systems has
opened up opportunities for scalability and remote access.
Kunkulagunta's studies on IoT and cloud computing in
ERP systems show how these technologies facilitate
interconnectedness, enabling more dynamic resource
planning and management. The cloud allows for
decentralized data access, which is essential for modern,
distributed work environments, and IoT enables real-time
monitoring and coordination of industrial resources.
Additionally, the adoption of AI-driven analytics and
multi-agent systems in Industry 4.0 settings has shown
promise in managing complex supply chain operations, as
demonstrated by Raghunath's work on SAP HANA and
Google Cloud integration. This combination of ERP with
ML and cloud-based technologies creates an intelligent
ecosystem where data-driven insights can continuously
improve process efficiency and resilience [104-108].
By providing remote access and continuous, real-time
monitoring, health monitoring systems are transforming
patient care. The absence of continuous monitoring in
traditional healthcare might cause delays in the detection
of medical problems. Real-time data is collected by
wearable sensors including heart rate and eye blink
sensors, and it is then sent to the cloud-based ThingSpeak
platform for analysis. Non-intrusive eye blink sensors, in
particular, assist in diagnosing conditions like dry eye
syndrome, blepharospasm, and Parkinson's disease. With
remote monitoring, healthcare professionals can provide
timely interventions, offering customizable alerts to
ensure prompt action [108-113].
This method may improve patient outcomes and
minimize problems by reducing the need for frequent
hospital visits, particularly for chronic patients, by
utilizing Internet of Things (IoT) technologies. The main
objective is to provide smooth sensor communication to
the ThingSpeak platform so that consumers may view
their health information on mobile devices and PCs. In
addition to improving overall monitoring capabilities and
promoting a more patient-centric, effective healthcare
model, this gives individuals the confidence to actively
manage their health. [113-115].
Conclusion

In conclusion, the transformative power of big data,
cloud computing, IoT, and AI across numerous industries
has redefined how data is stored, processed, and analyzed,
offering significant advancements in fields like healthcare,
climate science, business, and urban planning. The ability
to manage vast amounts of data in real-time has enabled
innovative solutions, such as the Climate Analytics-as-a-
Service (CAaaS) model for climate change and big data
analytics in healthcare, which are critical for informed
decision-making and policy planning. Technologies such
as Hadoop and Spark frameworks, together with IoT
integration, support these advancements by providing

scalable infrastructure and enabling data-driven insights
that shape effective responses to complex challenges.

However, despite the benefits, significant challenges
remain in fully realizing the potential of these
technologies. Issues surrounding data privacy, security,
heterogeneity in data formats, and the need for effective
load balancing in cloud environments are prominent
concerns. The integration of techniques like differential
privacy, contextual multi-armed bandit modeling, and
secure role re-encryption systems aims to address these
issues, fostering both user trust and data protection. At the
same time, network management solutions such as SDN-
based traffic optimization and hybrid storage approaches
in cloud computing work to enhance efficiency and
manageability of data-driven applications, but further
research is necessary to refine these systems, especially as
data volume and diversity continue to expand.

As these technologies evolve, a focus on sustainable
computing and machine learning methods is crucial to
manage the environmental impact of large-scale data
processing. The development of efficient data
architectures, alongside energy-saving IoT systems,
promises not only operational improvements but also
significant contributions to environmental stewardship.
Future work in the field should prioritize building
resilient, adaptable infrastructures that ensure data quality
and support seamless integration across platforms. By
addressing these challenges and embracing emerging
technologies, industries can better harness the full
potential of big data, AI, and cloud computing to drive
growth, improve quality of life, and support long-term
sustainability.
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