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1. Introduction

Huge amounts of digital data are continuously generated and collected from different
sources, such as sensors, cameras, in-vehicle infotainment, smart meters, mobile devices,
social media platforms, and web applications and services [1]. Those data volumes, com-
monly referred to as big data, hold immense potential for extracting valuable information
and generating useful knowledge in the fields of science, industry, and public services [1,2].
Extracting useful knowledge from huge digital datasets requires smart and scalable ana-
lytics algorithms, services, programming tools, and applications. Advanced data analysis
techniques and tools are helping to extract patterns, trends, and hidden knowledge from
big, complex datasets. Progress in this area is very useful for enabling businesses and
research collaborators alike to make informed decisions.

The combination of big data analytics and knowledge discovery techniques with
scalable computing systems is an effective strategy for producing new insights in a shorter
period of time. Novel technologies, architectures, and algorithms have been developed
to manage and analyze big data [3], enabling researchers and data scientists to extract
useful information and knowledge to make new discoveries and support decision-making
processes [4]. Many researchers have focused on the development of applications for big
data analysis in various application fields, including trend discovery, social media analytics,
pattern mining, sentiment analysis, and opinion mining. For example, from the analysis of
large amounts of user data we can understand human dynamics and behaviors including
(i) the main tourist attractions and mobility patterns within a city [5]; (ii) the areas of a city
where it is necessary to improve the means of transport [6] or where it is more suitable to
open new businesses [7]; (iii) the purchase behavior of users while browsing an ecommerce
site [8]; (iv) the behavior of fans following important sporting events [9]; and (v) the political
orientation of citizens and estimating the outcome of a political event [10]. To this end, the
use of advanced and scalable algorithms, along with parallel programming frameworks
and high-performance computers, is commonly used to solve big data problems and obtain
valuable information and learning processes in a reasonable time.

From this perspective, this Special Issue aims to contribute to the field by presenting
review/survey papers and original research articles in the fields of big data, cloud-based
data analysis, and learning systems. Ten papers have been accepted for publication to this
Special Issue, which focus on different topics.

The first paper [11] proposes the analysis of urban data to discover multi-density
hotspots in metropolitan areas. It examines the limitations of traditional density-based
clustering algorithms in handling multi-density data and highlights the need for more
suitable techniques. By comparing four approaches (DBSCAN, OPTICS-xi, HDBSCAN, and
CHD) for clustering urban data, the study evaluates their performance on state-of-the-art
and real-world datasets. The findings demonstrate that multi-density clustering algorithms
outperform classic density-based algorithms, providing more accurate results for urban
data analysis.
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The second paper [12] proposes a novel approach for analyzing customer data in large
retail companies. Traditionally, customer behavior is analyzed using simple parameters
such as average and variance, which fail to capture the increasing heterogeneity among
customers. To address this limitation, the paper suggests representing customer survey
samples as discrete probability distributions and assessing their similarities using different
models. The study focuses on the Wasserstein distance, a well-defined and interpretable
metric for comparing distributions, and on multiple Key Performance Indicators per store.
Experimental results using real customer data validate the effectiveness of this approach in
providing meaningful global performance measures.

The third paper [13] addresses the challenges and issues associated with the widespread
adoption of cloud computing in healthcare corporations for analyzing big data. Techno-
logical advancements have facilitated the storage of massive amounts of data, and cloud
computing has offered an ideal solution for handling such large datasets by ensuring
effective data analysis, sharing, and access; however, the security and privacy of data pose
significant concerns, especially when dealing with patients’ data. The objective of this
study is to highlight the security challenges that hinder the widespread adoption of cloud
computing in healthcare corporations.

The fourth paper [14] explores the application of big data in the field of digital health,
considering the vast amount of imaging data generated in different medical contexts. The
study focuses on recent research efforts in big data analysis within the health domain, along
with technical and organizational challenges. Furthermore, a general strategy is proposed
for medical organizations seeking to adopt or leverage big data analytics. The study aims
to provide healthcare organizations and institutions, both considering and utilizing big
data analytics, with a comprehensive understanding of its potential applications, effective
targeting, and expected impact.

The fifth paper [15] examines the integration of artificial intelligence technologies
to help curb the spread of the COVID-19 pandemic. It assesses various applications and
deployments of modern technology, including image processing, disease tracking, outcome
prediction, and computational medicine. A comprehensive search of COVID-19-related
technology databases was conducted, and the findings were reviewed to explore the
potential of technology in addressing the pandemic. While there is existing research on
the use of technology for COVID-19, the full extent of its application is still being explored.
The study also identifies open research issues and challenges in deploying AI technology
to combat the global pandemic.

The sixth paper [16] explores the utilization of big data in healthcare and drug detec-
tion sectors. Here the challenge lies in managing and extracting valuable insights from
the enormous amount of data generated by patients, hospitals, sensors, and healthcare
organizations. Big data has the potential to transform drug development and safety testing
in pharmacology, toxicology, and pharmaceutics by providing deeper insights into drug
effects on human health; however, challenges include specialized skills and infrastructure
requirements. The survey highlights the current applications, challenges, and solutions in
using big data in these fields, emphasizing the need for further research.

The seventh paper [17] reviews the literature on big data applications and analytics,
highlighting their importance in making strategic decisions, particularly during the COVID-
19 pandemic. It compares the use of big data applications in different industry fields
(healthcare, education, transportation, and banking) before and during the pandemic. The
paper emphasizes the significance of aligning big data applications with relevant analytics
models in the COVID-19 era, as they can address the limitations faced by organizations.
Additionally, the critical challenges of big data analytics and applications during the
pandemic have been investigated.

The eighth paper [18] offers a comprehensive overview of two popular data manage-
ment platforms in the area of big data analytics: data warehouses and data lakes. It covers
the definitions and features of these platforms and existing research related to them, along
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with architecture and design considerations. The paper concludes by discussing challenges
and suggesting promising research directions for the future.

The ninth paper [19] examines the role of big data in the construction industry, explor-
ing trends and identifying opportunities for improvement. Despite the availability of data
and digital technologies such as CAD and BIM, the construction industry has been slow in
utilizing big data effectively. The paper analyzes the existing literature to highlight gaps
and explore ways that big data analysis and storage can be applied in the construction sec-
tor, and suggests future opportunities in areas such as construction safety, site management,
heritage conservation, and project waste minimization and quality improvements.

Finally, the tenth paper [20] focuses on the emerging paradigm of Edge Intelligence
(EI) as a solution to overcome the limitations of cloud computing in the development
and provision of IoT services. It conducts a systematic analysis of the state-of-the-art
literature on EI, including literature reviews, surveys, and mapping studies, following
the PRISMA methodology. The paper provides a comparison framework and identifies
research questions to explore the past, present, and future directions of the EI paradigm and
its relationship with IoT and cloud computing. The analysis aims to benefit both experts
and beginners in understanding and advancing the field of EI.

2. Future Research Directions

Solving problems in science and engineering was the first motivation for inventing
computers capable of calculating complex formulas and equations. Today, science and
engineering are still the main areas in which innovative solutions and technologies are being
developed and applied, although business and industry play a key role in the exploitation
of advanced computing solutions. As the data scale increases, we must address new
challenges and attack ever-larger problems. New discoveries will be achieved and more
accurate investigations can be carried out due to the increasingly widespread availability
of large amounts of data and of high-performance computer systems.

Within the scope of this Special Issue, there are several promising research directions
that warrant further exploration, particularly in the area of big data and cloud-based
data analysis. One significant area is the effective management and extraction of insights
from vast-scale data archives. For instance, a pertinent challenge involves designing and
optimizing data-intensive computing platforms capable of accommodating an extensive
number of CPU cores, such as those of exascale systems [21,22]. These systems demand
the management of millions of threads across an extensive array of cores to ensure optimal
performance. To achieve this, it becomes imperative for data-intensive applications to
minimize synchronization, reduce communication and remote memory usage, and adeptly
handle potential software and hardware faults. Presently, no existing programming lan-
guages, frameworks, or infrastructures offer comprehensive solutions to tackle exascale
complex issues, especially when it comes to data-intensive applications. For these reasons,
in the coming years there will be a pressing need to develop new tools and technologies to
unlock the full potential of exascale systems and realize their potential in pushing forward
the boundaries of scientific research, big data analytics, and computational simulations.

Another significant area of attention lies in the convergence of high-performance
computing (HPC), data analytics (DA), and artificial intelligence (AI) [23] for the analysis of
large volumes of data. The expansion of traditional HPC applications to encompass DA and
AI tasks raises challenges due to the lack of suitable programming models, environments,
and deployment tools for seamless integration. To address these new challenges, ongoing
efforts are focused on developing new platforms that leverage specialized software stacks
capable of effectively managing big data applications and workflows. Embracing these
advancements will facilitate the seamless integration of HPC, DA, and AI, resulting in
the improved efficiency and scalability of big data application execution in large-scale
computing environments.
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