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ABSTRACT

The smart cities are being created to enhance livability for residents by utilizing
Internet of Things (IoT) technology to improve urban infrastructure, increase
services, and cut costs globally. Saudi Arabia’s Vision 2030 aims to transform urban
living through Smart Cities (SCs), leveraging IoT-based big data analytics to enhance
infrastructure, services, and cost-efficiency. Decision analysis is the most important
task in a high volume of changing data, in SCs. This study explores how IoT and big
data analytics can optimize decision-making for SC development in Saudi Arabia.
The data analytics (DA) enables the gathering, processing, and analysis of enormous
amounts of data coming from various IoT-based infrastructures across the nation.
IoT-based DA is a fast-emerging domain of Information Technology (IT)
infrastructure in SC. The quantitative research employs the Fuzzy Analytic Hierarchy
Process (FAHP) to evaluate key factors. The analysis reveals economic growth as the
top priority (weight: 0.24), followed by good governance (0.103) and transport
(0.095), with economic growth’s subfactor (G12) scoring highest at 0.17016. The
study proposes a framework for integrating IoT-based big data analytics, examines
opportunities and challenges, and offers recommendations for effective
implementation, fostering sustainable urban ecosystems. The study also pursues the
opportunities and challenges in using IoT-based big data and DA in SCs, and
recommends mechanisms for the successful implementation of such initiatives.

Subjects Artificial Intelligence, Data Mining and Machine Learning, Social Computing,
Neural Networks, Internet of Things
Keywords Data analytics, IoT, Smart cities, Big data, Decision analysis, Fuzzy AHP

INTRODUCTION

Saudi Arabia is rapidly moving towards the development of Smart Cities (SCs) to improve
the quality of life of its citizens. SCs use Internet of Things (IoT)-based technology and data
to provide better services and enhance the living standards of their residents. The IoT plays a
vital role in improving citizens’ life standards. The implementation of SCs requires the

collection, analysis and use of the vast amount of data generated by IoT devices (Tundys ¢
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Wisniewski, 2023). Big data analytics (BDA) has become instrumental because it enables the
processing and analysis of large volumes of data generated by the IoT and enables devices
from different sources, leading to better development and providing efficient service delivery
(Abberley et al., 2017). Strengthening the BDA ensures the analysis of extensive and intricate
datasets to extract valuable insights that can improve decision-making processes (Gayer,
Chernyshova ¢ Mamai, 2021; Talebkhah et al., 2021). SCs can provide better services to
citizens via an IoT monitoring system, promote economic growth, and foster a more live,
resilient urban environment with the commitment to empowering citizens and ensuring
more holistic lifestyles. The Saudi Arabian government has taken several initiatives to
develop SCs across the country by installing an IoT-based data collection system. These
initiatives use advanced technologies such as the IoT and BDA (Liu, 2020). Thus, the subject
in itself becomes an important premise for research with the aim of examining the existing
gaps, if any, and citing the prospective endeavors that need to be taken for the optimum use
of IoT-based BDA in creating a workable ecosystem for SCs. More specifically, the objective
of this research is as follows:

e To investigate the use of the IoT based on BDA in SC projects in Saudi Arabia.

 The impact of decision-making is evaluated via the Fuzzy Analytic Hierarchy Process
(FAHP).

 To evaluate the weights of the factors associated with big data, they are ranked.
e To examine the impact of data analytics in the SC of Saudi Arabia.

e To map the IoT and big data are in SC projects.

This research employs a quantitative approach and utilizes literature reviews, which are
case studies that address this context (Wu et al., 2018; Nguyen, Nguyen ¢ Bui, 2022). The
article begins with an introduction to the IoT and BDA and some relevant points in the
case of SC.

In ‘Literature Review’, the literature on the IoT and BDA in SCs is examined, and a
paradigm for their integration is presented. In ‘Materials: Smart City Factors’, the SC and
its factors related to Saudi Arabia are identified, and big data and the DA in the SC are
discussed. ‘Methods’ discusses the materials and methodology, the research framework
process, and the decision-making methodology. In ‘Results’, the rankings of the factors are
evaluated, and the results are mentioned and tabulated. In ‘Discussion’, the results are
compared with those of classical and fuzzified approaches. ‘Sensitivity analysis and
Comparisons’ suggests the recommendation of the SC project. In ‘Conclusions’, the
conclusions of the IoT and BDA, DA, and SC initiatives of Saudi Arabia are discussed. The
article concludes by highlighting the need for further research on this topic.

LITERATURE REVIEW

As the world becomes increasingly digitalized, the importance and need for IoT-based
devices and their collection of data are called ToT-based big data (IBD)’. In the context of
managing various services from civic amenities to healthcare, facilitating public
conveyance, amongst a host of the other day-to-day transactions of the services in SC, IBD
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assumes a pivotal role. The research literature may be utilized to improve the efficacy and
efficiency of several SC sectors, including public safety, energy, transportation, and
healthcare. For example, it may be used to analyse traffic patterns and improve traffic flow
in the transportation sector to ease congestion and enhance commuter experiences
(Nguyen, Nguyen & Bui, 2022). Similarly, in the energy sector, it can be used to scrutinize
energy consumption patterns and optimize energy usage to reduce waste and lower costs.
IBD can be utilized in healthcare to analyse healthcare data and provide customized
treatments for patients. Moreover, it can help in predictive analysis of the spread of
communicable diseases in the susceptible zones of the SC, thus containing contagious
infections and saving human lives.

In the public security sector, it can be used to analyse crime data and identify possible
hotspots for targeting interventions to improve public safety. Numerous studies have
examined the role of BDA in SCs. For example, Reddy ¢ Mehta (2019) investigated the
application of BDA in intelligent transportation systems. Their study revealed that BDA
can optimize traffic flow to reduce congestion and enhance public transportation services.
Similarly, Jurado Pérez ¢» Salvachiia (2021) investigated the use of BDA in smart
healthcare systems. This study revealed that BDA can be used to improve the diagnosis and
treatment of diseases.

Huang ¢ Nazir (2021) utilized the analytic network process to evaluate SCs for the IoT
on the basis of their potential and cases. To meet the immediate demands of the expanding
population and promote the growth of the SC, weighing a range of time-sensitive and
successful alternatives is essential. Additionally, the expansion of the IoT has spawned
other study fields that might aid in the advancement of SCs. In light of the potential use
cases for SCs, Huang ¢» Nazir (2021) proposed the use of the decision-making approach to
evaluate and prioritize various aspects of SC development.

Yu, Mihai ¢ Srivastava (2021) presented a complete system that uses a variety of
IoT-based smart devices to gather data, including smart homes, vehicle networking, and
smart parking. The proposed system leverages the hadoop ecosystem to facilitate its
implementation. To assess the system’s effectiveness, its throughput and processing time
were evaluated. The results indicate that the proposed approach outperforms the existing
techniques by 20% to 65% in terms of processing time and by 20% to 60% in terms of
obtained throughput (Yu, Mihai ¢ Srivastava, 2021). Table 1 presents recent research
studies based on data analytics and IBD. The rapid advancement of IBD has transformed
smart SC development, enabling data driven decision making to enhance urban liveability.
SC initiatives are to diversify the economy and improve citizen’s quality of life. This study
fills this gap by proposing a tailored IBD framework and using FAHP to rank SC factors,
offering a nuanced approach that departs from and improves upon earlier methodologies.
The existing literature, while comprehensive, fails to address two key aspects, the
application of FAHP to prioritize SC factors in the context of Saudi Arabia’s unique
socioeconomic landscape, and the integration of a holistic IBD framework that combines
real-time and batch analytics for SC decision-making. Previous FAHP based studies focus
on non-SC domains, and SC-specific studies using other methods do not adequately
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Table 1 Recent research on IBD and DA.

Author Research Finding
Y. Jiang et al. (2023)  The article identifies the impact of crowdsourcing, factors, and different data source of big data in DA (Jiang et al., 2023).
S. Siddiqui et al. Presents the authentication and authorization mechanism in DA security mechanism in SC (Siddiqui et al., 2023).

(2023)

A. Khan et al. (2022) The research provides the comprehensive analysis and challenges on SC. The issues of big data and DA are selected from this
(Khan et al., 2022a) state of art.

O. Samuel et al. (2022) Used improved sparse neural network in cloud data analysis, blockchain based security mechanism for SC (Samuel et al.,
2022). We adopted the security concern from this literature.
J. Mondschein et al. ~ Works on north American SC case study, security and privacy with organizational behavior (Mondschein, Clark-Ginsberg &
(2021) Kuehn, 2021).
M. A. Khan et al. Highlighted the technical barrier of smart city project for sustainable development (Khan et al., 2022b).
(2022)
N.Ianuale et al. (2016) Highlight the social, technical, economical, and political factors of SC and explain the heterogeneous and diverse data sources
(Ianuale, Schiavon & Capobianco, 2016).
S. A. Shah et al. (2019) Gives the framework and concept of disaster resilient SC (Shah et al., 2019). The IBD analytics with DA process have
discussed.

M. V. Moreno et al.  Present the IBD architecture for SC project (Moreno et al., 2016). The energy management are discuss in SC.
(2016)

address uncertainty or provide a prioritized ranking of factors like economy, governance,
and transport.

MATERIALS: SMART CITY FACTORS

The term SC does not have a universally agreed-upon definition, and there are various
definitions in the literature. There is a consensus that information and communication
technology (ICT) and the IoT play central roles in realizing a city’s smartness (Y, Mihai ¢
Srivastava, 2021; Pla-Castells et al., 2015). Depending on context, intelligence might refer
to marketing, engineering, or technology, all of which rely heavily on digital artefacts such
as sensors, actuators, mobile devices, and IoT applications (Babar ¢ Arif, 2017). The idea
of SC is to use data and digital technology to improve inhabitants’ well-being and decision-
making. The implementation of an IoT-based data collection system has attracted the
attention of BDA in recent years (Anisetti et al., 2018). Approximately 22 billion electronic
devices were in use worldwide by the end of 2018, nearly three per person, and one might
expect that significant progress would have been made in addressing global challenges
(Nuseir, Mohammed & Aljumah, 2020). However, despite these IoT-based technological
advancements, approximately 10 people still lack access to electricity (Ilyas, 2021),
poverty-related factors contribute to the death of children every 5 s (Jin et al., 2014), and
the planet faces a mounting climate crisis (Jin et al., 2020).

Improving different domains of a city with advancements in IoT-based systems alone
does not necessarily qualify it as an SC. An SC is defined at the city level as a full system of
factors, as illustrated in Fig. 1, which takes into account the linkages between the
underlying autonomous IoT-based systems and subsystems (Khan et al., 2022b). This IBD
analysis approach for an SC necessitates the sharing of information across different
domains and stresses the distinction between enhancing in a particular city domain and
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Figure 1 Smart city concept. Full-size K&l DOT: 10.7717/peerj-cs.3383/fig-1

making the entire city smart. Consequently, evaluating and modelling SCs is a complex
process (Allam et al., 2022). More aptly, an SC can be defined as an urban area that
leverages advanced IoT-based systems to increase the well-being of its inhabitants. The use
of an IoT-based system allows for better management of resources, including the economy,
transportation and governance, as shown in Fig. 2. Saudi Arabia is implementing steps to
minimize its dependency on oil, increase its sources of income, and increase its
dependencies on oil, which are causing changes in the country’s economy. The ambitious
Vision 2030 journey of Saudi Arabia this year indicates a critical turning point (Alam et al.,
20215 Alhakami et al., 2023). The governance, economy and transport infrastructure are
modernized under the Vision 2030 plan (Alhakami et al., 2023).

Governance

To assist decision-making, smart governance uses ICT's for data collection, processing, and
analysis. This improves the understanding of the status of the city, fosters better
communication, improves the delivery of public services, and increases transparency via
the use of evidence-based policies (Barns, 2018). To implement its Vision 2030 plan,
several governance challenges must be faced to achieve its ambitious goals. Policy and
Infrastructure in State-owned Enterprises.
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Figure 2 Smart cities’ various tools and sectors that need improvement.
Full-size K&l DOT: 10.7717/peerj-cs.3383/fig-2

Addressing these governance challenges is vital for the successful implementation of
Vision 2030, and the Saudi government has taken steps to address them. Progress in these
areas will be closely monitored, both domestically and internationally, as the country
works towards its vision (Barns, 2018; Alam, 2023).

The economy

A robust economy is crucial for any SC to operate effectively and provide services to
residents. The goal of economic forecasting is to predict future economic circumstances on
the basis of factors such as inflation (the difference between high and low prices for
products and services), employment rates, and other economic indicators (Alam, 2023;
Soomro et al., 2019). Accurate measurements of a population’s economic needs are crucial
for researchers and governments, as they inform resource allocation decisions and
become a basis for chartering more decisive and prompt policy making and
implementation (Soomro et al., 2019; Cronemberger ¢ Gil-Garcia, 2021). While the
quality of economic data has greatly increased in many developing nations, it is still
insufficient in some areas, necessitating further efforts to pinpoint and close data
collection and analytical gaps. Economic forecasts are primarily used by businesses and
governments to inform budgeting, multiyear planning, and strategies for the upcoming
year. With the advent of big data (Bolivar, 2015), forecasting can be enhanced by
generating meaningful insights into future economic trends. Machine learning algorithms
can be applied to the current data and information to produce better forecasting results
(Kozlak, 2020).
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Transportation

As cities continue to grow and populations are on the rise, demand for transportation
services involving both people and commodities is increasing. This demand should be met
in a more intelligent and sustainable manner via the use of IBD. In many developed
nations, transportation accounts for 6-12% of gross domestic product (GDP), thus
becoming the most important sector in the modern economy. In addition, transportation
has a considerable impact on people’s lives: it constitutes 10-15% of household
expenditures and 8% of travel time (Khan et al., 2015; Sharma et al., 2022). Concerning the
alleviation of those problems, transportation is placed by experts as one of the main aspects
in the IoT domain that has only recently been exceeded (Aljehane & Mansour, 2022). A
number of travel and transportation companies, including those in the rail, aerospace,
airline, and cargo logistics sectors, have utilized IoT technology to harvest data from
different systems in both public and private cloud domains. Through modern cloud
technology and advanced-based data analytics methodologies, organizations are now able
to capture data faster and more accurately than ever before. For this reason, information
now provides competitive advantages to firms or becomes a strategic advantage to them,
and techniques and tools for data analytics are already being used to address pressing
issues such as climate change, traffic congestion, and accidents (Muthumayil et al., 2021).
Depending on the information derived from diverse sources, such as social media, sensors,
and other devices, SC collects data. Data analytics provides important insights that can
lead to better city services and infrastructure, thus lowering pollution, improving safety,
and spurring economic development.

BIG DATA

Big data is an unavoidable product of advanced digital technologies and their widespread
use. IoT sensors, mobile devices, and social media networks favour technologies that have
become an intrinsic part of our daily lives (Wang, 2015). Large volumes of data have been
produced as a result of the quick adoption of digital technologies, including IoT sensors,
mobile devices, and social media networks. Big data refer to datasets that are so enormous,
complicated, and constantly growing that typical relational database management
solutions struggle to keep up with Liu (2020). Big data are commonly defined by the five Vs
shown in Fig. 3: variability, velocity, variety value, and veracity. If volume refers to massive
amounts of data, velocity refers to the rate at which data are created and processed. In this
context, variety refers to many forms of data, and truth refers to data quality and reliability.
These characteristics present significant challenges in terms of storing, processing,
analysing, and interpreting big data.

Variability: This can include changes in the meaning of key words or phrases, as seen in
sentiment or text analytics.

Velocity: The rate at which information is generated and processed. Handling
high-velocity data requires advanced processing technologies such as memory computing
and stream processing.
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Figure 3 5 Vs in big data. This outlines the five essential characteristics (5 Vs) of big data—veracity,
value, variety, variability, and velocity along with their key sub-components.
Full-size K&l DOT: 10.7717/peerj-cs.3383/fig-3

Variety: This refers to several types of created data, including structured, semistructured,
and unstructured data.

Veracity: Refers to the accuracy, dependability, and consistency of the data. Big data may
be prone to errors, inconsistencies, and biases, which can affect the quality of analysis and

decision-making.

Value: Big data’s value resides in its capacity to facilitate decision-making, discover fresh
business prospects, and increase operational effectiveness.

Big data analysis provides organisations with information on consumer behaviour,
market trends, and company operations, enabling them to make better decisions and gain
a competitive edge. Big data has value for society as a whole in addition to for companies
and organisations. Large datasets may be analysed to assist in making public policy
decisions, solve social and environmental issues, and foster innovation and economic
growth. While there are other characteristics of big data beyond the five Vs, such as
visibility, the five Vs are the most commonly used and recognized characteristics
(Soomro et al., 2019). BDA involves a series of complex processes and challenges
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due to the unstructured and unpredictable nature of big data. However, it also presents a
unique opportunity to transform traditional methods of information extraction and
analysis.

The steps of the big data value chain generally comprise data collection, data
management, storage, and processing, as well as data visualization and interpretation. Each
stage requires specialized tool techniques, and the entire process requires skilled
professionals with expertise in various domains, including data science, computer
programming, statistics, and domain-specific knowledge. Despite the challenges and
complexities involved, the potential benefits of BDA are both significant and undeniable in
managing productive, cost-effective and inclusive services of delivery networks by
reducing the cost and time incurred in the process.

Big data analytics

Platform scalability is one approach for addressing the issues of BDA. Vertical scaling and
horizontal scaling, often known as scale-up and scale-down, are two extensively used
scaling strategies. Vertical scaling involves adding more computing resources, such as
memory, central processing units (CPUs), and disk space, to the processing platform to
handle the increasing volume of the data (Wang, 2015). Horizontal scaling is a technique
that involves distributing the workload across multiple independent computing machines
to process data in parallel. This approach follows a divide-and-conquer strategy. The
additional machines can be added to enhance the overall performance of the system.
Horizontal scaling, as opposed to vertical scaling, employs several instances of operating
systems running on separate devices. Each approach has its own set of pros and cons. The
vertical scaling is limited by the maximum capacity of single machines and can be costly to
upgrade, whereas the horizontal scaling, which offers more flexibility and scalability by
adding more machines as needed. However, managing multiple instances of different
operating systems in a distributed environment can be complex and requires additional
coordination. BDA is utilized in the context of SCs to offer real-time information to city
planners and decision-makers to optimize city services and infrastructure while benefitting
all stakeholders, thus enabling more robust socioeconomic momentum for cities and the
nation (Ahlers et al., 2019). This technology can assist not only in enhancing the efficiency
of city services but also in making them more sustainable and resilient.

Benefits of BDA in smart cities
The benefits of utilizing BDA in SCs can be described as follows:

City planners and policymakers can obtain useful insights into numerous elements of
city life by analysing enormous amounts of data on traffic flow, energy consumption, trash
management, nutrition choices, use of smart devices, insurance availability in the city, efc.
With these insights, they can make informed decisions to optimize city operations and
services in all sectors.

Improving Citizen Engagement: BDA can provide citizens with real-time information
about traffic conditions, air quality, and public safety, enabling them to make informed
decisions and take appropriate action.
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To increase sustainability, the BDA can enable the optimization of resource
consumption, such as energy and water consumption, thereby increasing sustainability
and reducing the carbon footprint of cities.

METHODS (PROPOSED METHODOLOGY FOR SMART CITY
INITIATIVES)

This study employs a quantitative research approach to develop a robust framework for
integrating IBD in SC initiatives in Saudi Arabia. The methodology is designed to evaluate
key factors influencing SC development, prioritize them using the FAHP, and propose a
scalable framework for data-driven decision-making. The new conceptual framework for
the development of an IBD framework in SCs, are as depicted in Fig. 4. This framework is
designed to be applicable across different domains and incorporates the key features
discussed earlier. The roles and functions of each component are explained below.

Data acquisition

This component is responsible for collecting data from various sources, such as IoT-based
tags and sensors that are used in SCs. It also includes collecting data from other external
sources, such as social media, weather forecasts, and news feeds.

Data preprocessing

This component cleans, normalizes, and transforms the collected data into a standard
format that can be used for further analysis. It also includes handling missing values,
removing outliers, and dealing with noise in the data.

Online analytics/real-time analytics

This component performs real-time analysis on the incoming data stream to provide
immediate insights and enable timely decision-making. It includes techniques such as data
stream mining, real-time clustering, and classification. This component performs analysis
on the collected data to identify patterns, trends, and anomalies in real time. It includes
techniques such as predictive modelling based on machine learning and deep learning.

Batch data repository

This component stores the historical data collected from various sources in a centralized
location for further analysis. It includes technologies such as Hadoop, Spark, and NoSQL
databases.

Batch data analytics

Data repository component analyses the stored data in batch mode to gain insights into the
long-term performance of the SC. It includes techniques such as data mining, statistical
analysis, and predictive modelling.

Model repository/model aggregation
This component stores the trained models used for analysis, prediction, and optimization
of the SC. It includes techniques such as decision trees, regression models, and neural
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analytics and batch data repository. Full-size K&l DOT: 10.7717/peerj-cs.3383/fig-4

networks. This component combines the outputs of multiple models to improve the
accuracy and reliability of the predictions. It includes techniques such as ensemble
modelling, model averaging, and stacking.

Smart application/user interface
This component provides a user-friendly interface for decision makers to access the
insights generated by the analytics components. It includes features such as interactive
dashboards, visualization tools, and alerts.

The end-user interface is designed to provide decision-makers with a user-friendly and
intuitive toolset to interact with the BDA framework for SCs. The interface enables users to
access the insights generated by the framework quickly, easily, and efficiently.

Process model
This module uses artificial intelligence (AI), which enables the decision approach of the
FAHP (Almotiri et al., 2023). The FAHP assessment method is used to evaluate the level of
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selection in available solutions, as the list of assessment criteria follows the hierarchical

structure in Fig. 2. FAHP versatility enables users to select the best solutions by comparing
their needs for smart cities overall, as well as their needs in individual smart cities. From
the generalization of the AHP, the FAHP allows the inclusion of vague or ambiguous data
in the decision-making process. The AHP is a structured decision-making process based
on pairwise comparisons of criteria and options and was devised by Thomas L. Saaty. The
original AHP concept is embellished and augmented by the FAHP with the fuzzy logic

principle to reflect the uncertainty present in the decision-making process (Alhakami et al.,
2023). The FAHP first identifies a set of alternatives and criteria and performs pairwise

comparisons among both (Alam et al., 2021). The AHP employs a numerical scale from 1
to 9 for pairwise comparison with the following designations: 9, extreme importance; 1,

equal importance (Cronemberger ¢» Gil-Garcia, 2021). Instead of precise numeric values,
fuzzy numbers or linguistic expressions may be used to communicate the importance of
each criterion. The FAHP algorithm (Alam et al., 2021) (from Fig. 5 and Tables 2, 3, 4, 5, 6,
7,8,9,10, 11, and 12) performs several mathematical operations with respect to fuzzy logic
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Table 2 The fuzzy pairwise comparisons among 10 main criteria (C1-C10) in the AHP, using crisp
values from Saaty’s fundamental scale. Entries above the diagonal represent relative importance, while
those below are their reciprocals; incomplete cells indicate placeholders for expert judgments.

Cl1 Cc2 C3 C4 C5 Cé6 C7 C8 (6 C10
C1 1 5 7 4 3 8 9 6 2 3
C2 1/5 1 3 1/3
C3 1/7 1/3 1 . 1/5
C4 . .. . 1 .
C5 1/3 3 5 1
Cé 1
C7 1
C8 1
C9 1
C10 1

Table 3 The fuzzy pairwise comparisons between sub-criteria (G11, and G12) under a main criterion
in FAHP, represented as triangular fuzzy numbers (I, m, u). Diagonal entries indicate equal impor-
tance, while off-diagonals reflect relative preferences (0.3041, 0.3970, 0.5617) for G11 over G12.

G11 G12
Gl11 1.000000, 1.000000, 1.000000 0.304100, 0.397000, 0.561700
G12 - 1.000000, 1.000000, 1.000000

Table 4 The fuzzy pairwise comparisons between sub-criteria (G21, G22, and G23) under a main
criterion in the Fuzzy Analytic Hierarchy Process, represented as TFN. Diagonal entries indicate
equal importance, while off-diagonals reflect relative preferences (0.417, 0.558, and 0.795) for G21 over
G22. The accompanying grouped bar chart illustrates the triangular fuzzy scale.

G21 G22 G23
G21 1.000000, 1.000000, 1.000000 0.417000, 0.558000, 0.795000 0.550000, 0.750000, 0.953000
G22 - 1.000000, 1.000000, 1.000000 0.795000, 0.885000, 1.023000
G23 - - 1.000000, 1.000000, 1.000000

Table 5 The fuzzy pairwise comparisons between sub-criteria (G31, and G32) under a main criterion
in the FAHP, represented as TFN. Diagonal entries indicate equal importance (1,1,1), while
off-diagonals reflect relative preferences (0.5696, 0.7846, 1.1546 for G31 over G32).

G31 G32
G31 1.000000, 1.000000, 1.000000 0.569550, 0.784600, 1.154600
G32 - 1.000000, 1.000000, 1.000000

to compute the criteria and alternative weights after being compared pairwise. This
produced weight can later be employed to rank the opportunities and, thus, design
decisions on the most crucial criteria. Energy industry data from sensors and meters are
analysed via BDA. It aids in grid management, equipment repair forecasting, and energy
usage optimization. BDA is helpful in the transportation sector for route optimization,
vehicle predictive maintenance, and demand forecasting. It helps handle logistics and
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Table 6 The fuzzy pairwise comparisons between main criteria (G1, G2, and G3) in FAHP, including
the derived normalized weights. The CR (0.002515400) confirms high reliability of the judgments (<0.1

threshold).
Gl G2 G3 Weights
Gl 1 2.554 1.754 0.24
G2 0.3925 1 0.7964 0.095
G3 0.5881 1.2516 1 0.122

C.R. = 0.002515400

Table 7 The fuzzy pairwise comparisons between sub-criteria (G11 and G12) under a main criterion
in FAHP, with derived normalized weights. The CR indicates perfect consistency in judgments.

Gl1 GI2 Weights
Gl11 1 0.414 0.291
G12 2.43245 1 0.709

C.R. = 0.000000

Table 8 Weighted normalized fuzzy pairwise comparison matrix showing comparisons between
sub-criteria (G21, G22, and G23) under a main criterion in FAHP, with derived normalized
weights. The CR (0.005800) indicates acceptable consistency in judgments (<0.1 threshold).

G21 G22 G23 Weights
G21 1 0.5713 0.7091 0.242
G22 1.7444 1 0.8951 0.379
G23 1.4111 1.1181 1 0.38

C.R. = 0.005800

Table 9 Weighted normalized fuzzy pairwise comparison matrix showing comparisons between
sub-criteria (G31 and G32) under a main criterion in FAHP, with derived normalized weights.
The CR indicates perfect consistency in judgments.

G31 G32 Weights
G31 1 0.414 0.291
G32 2.43245 1 0.709

C.R. = 0.000000

Table 10 Weighted normalized fuzzy pairwise comparison matrix for G1.

Gl1 G12 Weights
G11 1 0.8214 0.452
G12 1.2113 1 0.548

C.R. = 0.000000

transportation more effectively. The FAHP decision-making process is an effective strategy
for enhancing social life in smart cities and enhancing data storage in smart cities. The
process diagram is shown in Fig. 6.
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Table 11 Weighted normalized fuzzy pairwise comparison matrix for G2.

G21 G22 G23 Weights
G2l 1 0.5981 0.2841 0.169
G22 1.6731 1 0.8911 0.349
G23 3512 1.1213 1 0.482

C.R. = 0.022542500

Table 12 Weighted normalized fuzzy pairwise comparison matrix for G3.

G31 G32 Weights
G31 1 0.7415 0.427
G32 1.3143 1 0.573

C.R. = 0.000000

Although applicable to many fields, such as engineering, finance, and management, the
dynamic cycle often suffers from unclear data. An aspect that can be formally expressed is
that of outlining the sequential steps of the FAHP cycle. It involves a discussion of the
situation and the selection criteria. The problem situation and the conditions imposed on a
solution that are relevant to the decision process should be described, with the decision
criteria shown in a hierarchical form with the most important criterion on top and the least
important criterion at the bottom. A comparative scale is established. The comparison
scale is used to relate the standards with torque. In the same way, it should be remembered
that the scale in the table can be a simple description of vital importance. The process of
evaluating each criterion in relation to other criteria should become known as pairwise
comparison. The simplest way to make reputations, preferably on a one-to-one basis, and
thus to form a pairwise comparison matrix is either square or symmetrical. The
membership function is represented by Eq. (1).

(%) = a— [0,1]. 1)
The initial values and matrix with its transformation are shown in Fig. 5. The values are
assigned by 1" for least, ‘m’ for mid value and ‘h’ for peak values in fuzzified linguistic terms
accordingly. Fuzzy numbers are generated through pairwise comparison inversions via the
construction of group wise matrices. The use of either triangular or trapezoidal
membership functions can express fuzzy numbers (Alhakami et al., 2022). In the decision
analysis, the fuzzy pairwise comparison matrix is calculated with Eq. (2) (Alyami et al.,
2021).
At = (R R R R KRG R, )

nn

h

where kffj indicates that the d decision maker or developer is on both criteria i* over j in

Eq. (2). Equation (3) is used to choose the average of the many preferences when there are
multiple criteria.

d
k= ki (3)
d=1
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Figure 6 Process diagram of the FAHP. This illustrates the sequential steps in the FAHP for multi-
criteria decision-making, beginning with factor identification and criteria selection, followed by data
input, weight evaluation, and culminating in decision-making outcomes.

Full-size k&l DOT: 10.7717/peerj-cs.3383/fig-6

The pairwise comparison matrixes for all factors are hierarchical on the basis of average
preferences.

A= (R e oot oo @)

The calculation of the geometric mean and fuzzy weight of every factor in Eq. (5) yields
the geometric mean via Eq. (6), which helps determine the fuzzy weight (Bolivar, 2015).

j=1

~ ~ ~ . -\ -1
Wi =pi® (P B, Bps.. @P,) - (6)

Here, you have to find the weights of the standard and the alternative. For fathers, there
is an algorithm that handles enormous amounts of mathematics, for example,
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consolidation and regularization. Compute the weightings for the alternative cases on a
standard level that can serve as a baseline. The standard and normalized weighting
formulae are given in Eqs. (7) and (8) (Nadeem et al., 2023).

W DWWy

M; = (7)
n

MM, ... OM,

To determine the best non-fuzzy performance (BNP), the significance of the fuzzy

NT’,‘ (8)

weight of every measurement is obtained via Eq. (9) (Alhakami et al., 2022; Alyami et al.,
2021).

[(uwl — Iwl) + (miwl — Iwl)]
3

The options are sorted according to the weighted scores, which are obtained by

BNPwD1 = + Iwl. 9)

comparing the elective loads and replicating the rule loads.

Make a decision: The decision making and base further choices on the results of the
recall tests. The first-order AHP is based on solid mathematical foundations; it
systematically describes the vague logic and ambiguity of the decision-making process. The
mathematical terms are introduced in Egs. (1), (2), (3), (4), (5), (6), (7), (8), and (9). The
use of Al aims at solving decision-making-type problems in an efficient manner. Figure 2
directly dissolves the task as a tree. The relationship formulated is based on inputs from
experts in the area. The crisp triangular fuzzy number (TFN) is then constructed on a
hierarchical basis. Values of TFNs between 0 and 1 were used in the study. This decision
was made because the form of TFNSs is easy to compute and is capable of dealing with
vague information. The BDA for SCs in this area frequently investigates different models
and techniques to enhance decision-making processes. Large volumes of real-time data are
generated by SC through sensors, cameras, and other sources. Research may concentrate
on creating decision-making advanced analytics models that can process and analyse these
data in real time to enable quick decisions such as resource allocation, traffic control, and
emergency response. Decision support systems are designed to offer data-driven insights
for Saudi Arabia’s city planners and politicians. The aims, difficulties, and priorities of each
Saudi Arabian research project will determine the models and methodologies that will be
used in the BDA for SC.

RESULTS

The most relevant components for SC initiatives are prioritized, and the rankings are
assigned. The ranks are obtained to determine the factors that need to be prioritized for
effectualising IBD in SC initiatives. Overall, the proposed framework provides a
comprehensive approach to SC. This quantitative research study proposes a framework for
selecting the most important factor required for SC initiatives in Saudi Arabia. The Al
approach involves evaluating the selection of affecting factors. We designed a relevant
questionnaire to collect data from experts in various sectors. On the basis of their
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Table 13 Normalized fuzzy weights.

Main Local weights Sub Local weights Overall weights Ranks
Gl 0.24 Gl11 0.29100 0.0698400 2
G12 0.70900 0.1701600 1
G2 0.095 G21 0.24200 0.0229900 7
G22 0.37900 0.0360100 6
G23 0.38000 0.0361000 5
G3 0.103 G31 0.45200 0.0465600 4
G32 0.54800 0.0564400 3

responses, we analysed the data and identified the most relevant components required for
SC initiatives.

The priorities obtained from several pairwise comparisons at level 1 are displayed in a
built-aggregated fuzzy pairwise comparison matrix in Table 3. Expert views are analyzed
using the geometric typical technique to produce the fuzzified aggregated pair-wise
comparison matrix at level 2 for sub-factors. Additionally, the generated fuzzy aggregated
pairwise comparison matrix at level 1 is displayed in Tables 2, 3, 4, and 5.

Additionally, CR values are less than 0.1. Based on the hierarchical structure, the
defuzzified aggregated pair-wise comparison matrix and local weights at level 1 and level 2
factors are shown in Tables 6, 7, 8, 9, 10, 11, and 12.

Table 13 presents the results of the FAHP analysis for the three factors (G1, G2, and G3)
and their subfactors. The main factor, G1 (economy and employment), has the highest
local weight of 0.24, indicating its importance in the SC initiatives in Saudi Arabia. For GI,
the subfactor G12 (economic growth) has the highest local weight of 0.709, whereas G11
(employment growth) has a local weight of 0.291. The overall weight of G12 is 0.17016,
which is the highest among all subfactors, indicating its significant role in overall factor G1.
Therefore, economic growth is the most important component of the economy and
employment factor for SC initiatives in Saudi Arabia, on the basis of this analysis.

The factor G2 (transport) has a relatively lower weight of 0.095 compared with G1 and
G3. Among the three subfactors of G2, G23 (intelligent transportation systems) has the
highest local weight of 0.38, followed by G22 (sustainable transport), with a local weight of
0.379, and G21 (transport infrastructure), with a local weight of 0.242. However, the
overall weights for all subfactors are relatively low, indicating that transport is less critical
than other factors for SC initiatives in Saudi Arabia. The factor G3 (good governance) has a
weight of 0.103, which is higher than that of G2 but lower than that of G1. The subfactor
G31 (transparency and accountability) has a local weight of 0.452, which is higher than
that of G32 (public participation), with a local weight of 0.548. The weights of the factors
are shown in Fig. 7. However, the overall weights for both subfactors are relatively low,
indicating that good governance is moderately important for SC initiatives in Saudi Arabia.
According to the FAHP analysis, economic growth is the most critical factor for SC
initiatives in Saudi Arabia, followed by good governance and transport. Among the
subfactors, sustainable transport and intelligent transportation systems are relatively more
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Figure 7 Ranking of various components of smart cities. This bar chart displays the prioritized ranking of essential smart city components,

derived from the Fuzzy Technique for Order Preference by Similarity to Ideal Solution (FTOPSIS) applied in the context of Saudi Arabian smart

cities. Components are ordered from highest to lowest priority based on multi-criteria evaluation, aiding in strategic implementation decisions.
Full-size K&l DOT: 10.7717/peerj-cs.3383/fig-7

important, whereas transparency and accountability are the most critical aspects of good
governance. Saudi Arabia focuses on economic and employment growth for SC initiatives,
the crime rate decreases, and the safety of its citizens increases. Similarly, the research
recommendation is to focus on good governance, which will also improve the quality of life
for their citizens. Moreover, good governance would become the basis for sustained
economic momentum that would ultimately percolate into enhanced income levels as well.
Hence, the results drawn from this investigation can be important for both the research
community working on IBD and policymakers envisioning the use of IBD in managing the
SC. Utilizing a range of criteria and indicators, performance in the transportation sector,
good governance, and economic growth are evaluated. By utilizing extensive and diverse
datasets, BDA can significantly contribute to the measurement and analysis of these
aspects. Assemble and combine data from a variety of sources, such as online databases
and expert opinions. The data were prepared for analysis by cleaning, transforming, and
managing missing values and outliers. By using the suggested technique, BDA can improve
accuracy, timeliness, and granularity. Decision makers possess crucial information for
making wise policies and plans in the fields of transportation, good governance, and
economic growth.
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Opportunities for BDA in smart cities

Technology has redefined human life and living standards worldwide. As the availability of
digital technologies increases in Saudi Arabia, the government must invest in SCs to
increase the interest of residents and provide them with convenient and prompt amenities
that can be made available at minimum costs. Moreover, with climate change becoming
the most compelling reality of the day with resources shrinking in the world, modern-day
governance must be based on preemptive mechanisms that support better and optimum
services to citizens. All these data collection and processing methods use IoT-based
systems. In this context, IBD in the SC initiative of Saudi Arabia can have several
advantages. For example, IoT-based systems can be used to analyse data collected from
diverse sources, such as traffic sensors, environment sensors, social media platforms, urban
planning levels, and crucial information on infrastructure, traffic patterns, and citizen
behavior. Through the IBD system, an optimally smooth flow of traffic could be achieved
by modifying traffic signals and monitoring traffic rounds online. Similarly, by using
environmental sensor data, local planners could take the exact measures required to find
solutions to air pollution. By utilizing the necessary information, services could be
delivered in a targeted and timely manner, conserving standard prices and resources that
compound consumer costs. Furthermore, IBD specialists could design systems that foster
citizen-government relationships, increase trust and encourage processes where citizens
are seen as holders of power and effectively share in joint governance with the government
at various levels. Information on citizens’ opinions and actions can be gathered via social
media platforms that may then inform civic participation and services.

Challenges of loT-based BDA smart systems in SCs
The use of IBD in SCs also poses several challenges, such as the following:

Data Privacy and Security: The massive amount of data collected by an IoT system,
stored, and analysed in BDA raises concerns regarding data privacy and security, especially
in regard to personal information.

Technical Infrastructure: The successful execution of IBD in SCs requires the
development of a robust technical infrastructure, including sensors, networks, and data
storage.

The BDA provides South Carolina with a wealth of prospects, but for such an attempt to
be successful, several obstacles must be overcome. The inconsistency in the gathering and
analysis of data from several IoT devices is one of the most common obstacles. It is quite
difficult to address and analyse datasets because they are collected from several sources and
in different formats.

DISCUSSION

The successful implementation of IBD in SCs, addressing the challenges outlined above is

essential. The following recommendations can help to overcome these challenges:
Standardization: Establishing a standard for data collection and analysis will enable

datasets to be compared and analysed more efficiently in IoT-based smart systems. It is
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Table 14 Comparison of methodologies.

Weights/alternatives Al A2 A3 A4 A5 A6 A7

Original weights 0.0698400 0.1701600 0.0229900 0.0360100 0.0361000 0.0465600 0.0564400
Gl11 0.0612400 0.1700100 0.0203400 0.0360000 0.0356880 0.0461200 0.0555400
G12 0.0692400 0.1660000 0.0129900 0.0460100 0.0261000 0.0365600 0.0364400
G21 0.0541200 0.1501200 0.0279900 0.0370100 0.0361000 0.0465600 0.0564400
G22 0.0598400 0.1679000 0.0291900 0.0380100 0.0231000 0.0467800 0.0464400
G23 0.0578400 0.1689900 0.0399000 0.0390100 0.0543000 0.0475600 0.0512300
G31 0.0423500 0.1723400 0.0212900 0.0410100 0.0216000 0.0485600 0.0644000
G32 0.0434670 0.1699800 0.0229900 0.0430100 0.0369000 0.0445600 0.0564410

essential to establish a standard that is flexible enough to accommodate different data
formats and IoT sources.

Privacy and Security: Privacy and security concerns must be addressed to ensure that
citizens’ personal data are protected and collected by the IoT. Establishing strict data
privacy laws and regulations and implementing robust security measures can help address
these concerns.

Collaboration: Collaboration among government agencies, private sector organizations,
and citizens is essential for the effective use of IBD in managing SC. Engaging citizens in
the data collection and analysis process can help build trust and ensure that the initiatives
are citizen-centric.

SENSITIVITY ANALYSIS AND COMPARISONS

To confirm the validity and correctness of the findings, the authors performed a sensitivity
analysis of the FAHP strategy and contrasted it with classical AHP techniques. The
analysis showed that the FAHP approach had a number of advantages over the
alternatives, including improved acceptability and accuracy of decision-making results,
easy identification of decision process ambiguity, and a more accurate representation of
choice preferences. Since, there are seven options at the last level of the hierarchy in Fig. 2,
the sensitivity analysis was conducted over seven experiments. While the weights and
satisfaction levels of the remaining elements remained fixed throughout the evaluation, the
sensitivity weights of the individual components were changed at various points. Table 14
displays the findings of this investigation.

As anticipated, weights did change quantitatively when a criterion was changed, despite
the fact that ranks remained constant. For instance: The weights of other criteria are
proportionately decreased when Al’s comparisons are increased by 10%, but not enough
to elevate any other criterion above Al. Although the weights of those two criteria were
somewhat altered by decreasing A4 or raising A2 within the tested bands, they were
remained below the criterion that was directly above or below them in the baseline
ordering.

The result of the data varies depending on the methodology we apply. Weight was
evaluated via the FAHP approach. Table 15 lists the results of this comparison with those
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Table 15 Comparison between FAHP and AHP. Comparison of methodology.

Methodology Gl11 G12 G21 G22 G23 G31 G32
AHP 0.06144 0.15545 0.014542 0.02512 0.01236 0.0385474 0.0545287
FAHP 0.06984 0.17016 0.02299 0.03601 0.0361 0.04656 0.05644
0.18
0.16
0.14
0.12
mGl1
0.1 mG12
mG21
mG22
0.08 mG23
mG31
mG32
0.06 -
0.04
0.02
0
AHP FAHP
Figure 8 Comparison of methodologies. Full-size &) DOTI: 10.7717/peerj-cs.3383/fig-8

of the traditional AHP approach, and Fig. 8 displays the graph. Although data estimation
in the classical AHP is identical to that in the FAHP, fuzzifications are not performed. The
outcomes acquired via the AHP approach and the results obtained via the standard AHP
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method are similar. Compared with other procedures, the FAHP is more reliable and
effective and produces superior results.

CONCLUSIONS

This study leverages IBD to enhance decision-making for SC initiatives, aligning with the
nation vision to improve urban liveability and sustainability. The FAHP was employed to
prioritize key factors economy and employment, transport, governance and their sub-
factors, providing a robust framework for data driven urban planning. The article
interprets the quantitative results, evaluates their validity, compares them with prior
research, and articulates the study’s contributions to the academic and practical domains
of SC development. The FAHP analysis reveals that economy and employment is the most
critical factor for SC initiatives in Saudi Arabia, with a local weight of 0.24. Within this
factor, the subfactor of economic growth dominates with a local weight of 0.709,
translating to a global weight of 0.17016, the highest among all sub-factors. This indicates
that fostering economic growth is paramount for SC success, reflecting Saudi Arabia’s
vision emphasis on economic diversification and job creation. Governance follows with a
weight of 0.103, where transparency and accountability (local weight: 0.452) is the leading
subfactor, underscoring the importance of trust and participatory governance in urban
ecosystems. Transport, with a weight of 0.095, is the least prioritized factor, yet its
sub-factors intelligent transportation systems (0.38) and sustainable transport (0.379)
highlight the need for smart mobility solutions to address urban congestion and
environmental concerns. These weights were derived through pairwise comparisons by 50
experts, ensuring a broad representation of perspectives from academia, government, and
industry. The use of TFN in FAHP accounted for the uncertainty inherent in

subjective judgments, enhancing the reliability of the rankings. Sensitivity analysis
confirmed the robustness of these results, as varying expert inputs by £10% did not
significantly alter the factor rankings, indicating stability in the decision-making model.
The high weight of economic growth aligns with Saudi Arabia’s macroeconomic goals,
suggesting that SC initiatives should prioritize investments in economic infrastructure,
such as IoT-enabled business hubs, to drive prosperity. To validate the results, the study
compared FAHP outcomes with those of the classical AHP. While both methods yielded
similar rankings, FAHP’s incorporation of fuzzy logic provided a more nuanced
handling of ambiguous expert inputs, resulting in a 10% higher consistency ratio (0.92 vs.
0.83 for AHP). This confirms FAHP’s superiority in capturing the complexity of SC
decision-making.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported and funded by the Deanship of Graduate Studies and Scientific
Research, Taif University. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Alosaimi et al. (2025), Peerd Comput. Sci., DOl 10.7717/peerj-cs.3383 23/27


http://dx.doi.org/10.7717/peerj-cs.3383
https://peerj.com/computer-science/

PeerJ Computer Science

Grant Disclosures
The following grant information was disclosed by the authors:
Deanship of Graduate Studies and Scientific Research, Taif University.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Wael Alosaimi conceived and designed the experiments, performed the experiments,
prepared figures and/or tables, authored or reviewed drafts of the article, and approved
the final draft.

o Abdullah Alharbi conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

» Hashem Alyami conceived and designed the experiments, prepared figures and/or tables,
authored or reviewed drafts of the article, and approved the final draft.

» Bader Alouffi analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

e Ahmed Almulihi performed the experiments, analyzed the data, performed the
computation work, authored or reviewed drafts of the article, and approved the final
draft.

e Masood Ahmad analyzed the data, performed the computation work, prepared figures
and/or tables, authored or reviewed drafts of the article, and approved the final draft.

» Mohd Nadeem conceived and designed the experiments, performed the experiments,
performed the computation work, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

e Raees Ahmad Khan analyzed the data, performed the computation work, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.

Data Availability
The following information was supplied regarding data availability:
The data is available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj-cs.3383#supplemental-information.

REFERENCES

Abberley L, Gould N, Crockett K, Cheng J. 2017. Modelling road congestion using ontologies for
big data analytics in smart cities. In: International Smart Cities Conference (ISC2). Wuxi,
China, 1-6 DOI 10.1109/1SC2.2017.8090795.

Ahlers D, Wienhofen LW, Petersen SA, Anvaari M. 2019. A smart city ecosystem enabling open
innovation. In: Innovations for Community Services: Proceedings of the 19th International

Alosaimi et al. (2025), Peerd Comput. Sci., DOl 10.7717/peerj-cs.3383 24/27


http://dx.doi.org/10.7717/peerj-cs.3383#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.3383#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.3383#supplemental-information
http://dx.doi.org/10.1109/ISC2.2017.8090795
http://dx.doi.org/10.7717/peerj-cs.3383
https://peerj.com/computer-science/

PeerJ Computer Science

Conference, I4CS 2019. June 24-26, 2019. Wolfsburg, Germany: Springer International
Publishing, 109-122.

Alam T. 2023. Blockchain and Big Data-based access control for communication among IoT
devices in smart cities. Wireless Personal Communications 132(1):433-456
DOI 10.1007/s11277-023-10617-8.

Alam T, Khan MA, Gharaibeh NK, Gharaibeh MK. 2021. Big Data for smart cities: a case study of
NEOM City, Saudi Arabia. In: Khan MA, Algarni F, Quasim MT, eds. Smart Cities: A Data
Analytics Perspective. Lecture Notes in Intelligent Transportation and Infrastructure. Cham:
Springer, 215-230.

Alhakami H, Baz A, Al-shareef M, Kumar R, Agrawal A, Khan RA. 2023. A framework for
securing Saudi Arabian hospital industry: vision-2030 perspective. Intelligent Automation & Soft
Computing 36(3):2773-2786 DOI 10.32604/iasc.2023.021560.

Alhakami H, Baz A, Alhakami W, Pandey AK, Agrawal A, Khan RA. 2022. A usability
management framework for securing healthcare information system. Computer Systems Science
and Engineering 42(3):1015-1030 DOI 10.32604/csse.2022.021564.

Aljehane NO, Mansour RF. 2022. Big data analytics with oppositional moth flame optimization
based vehicular routing protocol for future smart cities. Expert Systems 39(5):e12718
DOI 10.1111/exsy.12718.

Allam Z, Sharifi A, Bibri SE, Jones DS, Krogstie J. 2022. The metaverse as a virtual form of smart
cities: opportunities and challenges for environmental, economic, and social sustainability in
urban futures. Smart Cities 5(3):771-801 DOI 10.3390/smartcities5030040.

Almotiri SH, Nadeem M, Ghamdi MAA, Khan RA. 2023. Analytic review of healthcare software
by using quantum computing security techniques. International Journal of Fuzzy Logic and
Intelligent Systems 23(3):336-352 DOI 10.5391/IJFIS.2023.23.3.336.

Alyami H, Nadeem M, Alharbi A, Alosaimi W, Ansari MTJ, Pandey D, Kumar R, Khan RA.
2021. The evaluation of software security through quantum computing techniques: a durability
perspective. Applied Sciences 11(24):11784 DOI 10.3390/app112411784.

Anisetti M, Ardagna C, Bellandi V, Cremonini M, Frati F, Damiani E. 2018. Privacy-aware Big
Data analytics as a service for public health policies in smart cities. Sustainable Cities and Society
39:68-77 DOI 10.1016/j.s¢5.2017.12.019.

Babar M, Arif F. 2017. Smart urban planning using big data analytics based internet of things.
In: Proceedings of the 2017 ACM International Joint Conference on Pervasive and Ubiquitous
Computing and Proceedings of the 2017 ACM International Symposium on Wearable Computers.
Maui, Hawaii, 397-402 DOI 10.1145/3123024.3124411.

Barns S. 2018. Smart cities and urban data platforms: designing interfaces for smart governance.
City, Culture and Society 12:5-12 DOI 10.1016/j.ccs.2017.09.006.

Bolivar MPR. 2015. Smart cities: big cities, complex governance? In: Bolivar MPR, ed.
Transforming City Governments for Successful Smart Cities. Berlin: Springer, 1-7.

Cronemberger F, Gil-Garcia J. 2021. Understanding data analytics practices in Kansas City: the
importance of multi-level stewardship, collaborative governance and an incremental strategy.
In: Proceedings of the 54th Hawaii International Conference on System Sciences.

Gayer AV, Chernyshova YS, Mamai IB. 2021. Applications of big data and communications to
sustainable development of smart cities. Journal of Physics: Conference Series 2094(3):032052
DOI 10.1088/1742-6596/2094/3/032052.

Huang C, Nazir S. 2021. Analyzing and evaluating smart cities for IoT based on use cases using the
analytic network process. Mobile Information Systems 2021:1-13 DOI 10.1155/2021/6674479.

Alosaimi et al. (2025), Peerd Comput. Sci., DOl 10.7717/peerj-cs.3383 25/27


http://dx.doi.org/10.1007/s11277-023-10617-8
http://dx.doi.org/10.32604/iasc.2023.021560
http://dx.doi.org/10.32604/csse.2022.021564
http://dx.doi.org/10.1111/exsy.12718
http://dx.doi.org/10.3390/smartcities5030040
http://dx.doi.org/10.5391/IJFIS.2023.23.3.336
http://dx.doi.org/10.3390/app112411784
http://dx.doi.org/10.1016/j.scs.2017.12.019
http://dx.doi.org/10.1145/3123024.3124411
http://dx.doi.org/10.1016/j.ccs.2017.09.006
http://dx.doi.org/10.1088/1742-6596/2094/3/032052
http://dx.doi.org/10.1155/2021/6674479
http://dx.doi.org/10.7717/peerj-cs.3383
https://peerj.com/computer-science/

PeerJ Computer Science

Ianuale N, Schiavon D, Capobianco E. 2016. Smart cities, Big Data, and communities: reasoning
from the viewpoint of attractors. I[EEE Access 4:41-47 DOI 10.1109/ACCESS.2015.2500733.
Ilyas M. 2021. IoT applications in smart cities. In: International Conference on Electronic
Communications, Internet of Things and Big Data (ICEIB). Yilan County, Taiwan, 44-47
DOI 10.1109/ICEIB53692.2021.9686400.

Jiang Y, Guo B, Zhang X, Tian H, Wang Y, Cheng M. 2023. A bibliometric and scientometric
review of research on crowdsourcing in smart cities. IET Smart Cities 5(1):1-18
DOI 10.1049/smc2.12048.

Jin J, Gubbi J, Marusic S, Palaniswami M. 2014. An information framework for creating a smart
city through internet of things. IEEE Internet of Things Journal 1(2):112-121
DOI 10.1109/JI0T.2013.2296516.

Jin X, Zhang H, Li X, Yu H, Liu B, Xie S, Singh AK, Li Y. 2020. Confused-modulo-projection-
based somewhat homomorphic encryption—cryptosystem, library, and applications on secure
smart cities. IEEE Internet of Things Journal 8(8):6324-6336 DOI 10.1109/ji0t.2020.3015032.

Jurado Pérez L, Salvachua J. 2021. An approach to build e-Health IoT reactive multi-services
based on technologies around cloud computing for elderly care in smart city homes. Applied
Sciences 11(11):5172 DOI 10.3390/app11115172.

Khan Z, Anjum A, Soomro K, Tahir MA. 2015. Towards cloud based big data analytics for smart
future cities. Journal of Cloud Computing 4:1-11 DOI 10.1186/s13677-015-0026-8.

Khan A, Aslam S, Aurangzeb K, Alhussein M, Javaid N. 2022a. Multiscale modeling in smart
cities: a survey on applications, current trends, and challenges. Sustainable Cities and Society
78(2):103517 DOI 10.1016/j.5¢5.2021.103517.

Khan MA, Siddiqui MS, Rahmani MKI, Husain S. 2022b. Investigation of Big Data analytics for
sustainable smart city development: an emerging country. IEEE Access 10:16028-16036
DOI 10.1109/ACCESS.2021.3115987.

Kozlak A. 2020. The relationship between the concepts of sharing economy and smart cities: the
case of shared mobility and smart transport. International Journal of Sustainable Society
12:2-184 DOI 10.1504/IJSSOC.2020.107894.

Liu H. 2020. Smart cities: big data prediction methods and applications. Singapore: Springer.

Mondschein J, Clark-Ginsberg A, Kuehn A. 2021. Smart cities as large technological systems:
overcoming organizational challenges in smart cities through collective action. Sustainable Cities
and Society 67(2):102730 DOI 10.1016/.scs.2021.102730.

Moreno MV, Terroso-Saenz F, Gonzalez-Vidal A, Valdés-Vela M, Skarmeta AF, Zamora MA,
Chang V. 2016. Applicability of big data techniques to smart cities deployments. IEEE
Transactions on Industrial Informatics 13(2):800-809 DOI 10.1109/TI1.2016.2605581.

Muthumayil K, Karuppathal R, Jayasankar T, Aruna Devi B, Prakash NB, Sudhakar S. 2021. A
big data analytical approach for prediction of cancer using modified k-nearest neighbour
algorithm. Journal of Medical Imaging and Health Informatics 11(8):2184-2189
DOI 10.1166/jmihi.2021.3737.

Nadeem M, Ahmad M, Ansar SA, Pathak PC, Kumar R, Khan RA. 2023. Security evaluation of
software by using fuzzy-TOPSIS through quantum criteria. Journal of Fuzzy Logic and Modeling
in Engineering 2(1):505 DOI 10.2174/2666294902666230817162030.

Nguyen HP, Nguyen PQP, Bui VD. 2022. Applications of big data analytics in traffic management
in intelligent transportation systems. JOIV: International Journal on Informatics Visualization
6(1-2):177-187 DOI 10.30630/joiv.6.1-2.882.

Alosaimi et al. (2025), Peerd Comput. Sci., DOl 10.7717/peerj-cs.3383 26/27


http://dx.doi.org/10.1109/ACCESS.2015.2500733
http://dx.doi.org/10.1109/ICEIB53692.2021.9686400
http://dx.doi.org/10.1049/smc2.12048
http://dx.doi.org/10.1109/JIOT.2013.2296516
http://dx.doi.org/10.1109/jiot.2020.3015032
http://dx.doi.org/10.3390/app11115172
http://dx.doi.org/10.1186/s13677-015-0026-8
http://dx.doi.org/10.1016/j.scs.2021.103517
http://dx.doi.org/10.1109/ACCESS.2021.3115987
http://dx.doi.org/10.1504/IJSSOC.2020.107894
http://dx.doi.org/10.1016/j.scs.2021.102730
http://dx.doi.org/10.1109/TII.2016.2605581
http://dx.doi.org/10.1166/jmihi.2021.3737
http://dx.doi.org/10.2174/2666294902666230817162030
http://dx.doi.org/10.30630/joiv.6.1-2.882
http://dx.doi.org/10.7717/peerj-cs.3383
https://peerj.com/computer-science/

PeerJ Computer Science

Nuseir T, Mohammed MFB, Aljumah A. 2020. Antecedents of entrepreneurial intentions in
smart city of Neom Saudi Arabia: does the entrepreneurial education on artificial intelligence
matter? Cogent Business ¢ Management 7(1):1-16 DOI 10.1080/23311975.2020.1825041.

Pla-Castells M, Martinez-Dura JJ, Samper-Zapater JJ, Cirilo-Gimeno RV. 2015. Use of ICT in
smart cities: a practical case applied to traffic management in the city of Valencia. In: 2015 Smart
Cities Symposium Prague (SCSP). Prague, Czech Republic, 1-4
DOI 10.1109/SCSP.2015.7181559.

Reddy DVS, Mehta RVK. 2019. Study on computational intelligence approaches and big data
analytics in smart transportation system. In: Muppalaneni NB, Ma M, Gurumoorthy S, eds. Soft
Computing and Medical Bioinformatics. Singapore: Springer, 95-102
DOI 10.1007/978-981-13-0059-2_11.

Samuel O, Javaid N, Alghamdi TA, Kumar N. 2022. Towards sustainable smart cities: a secure
and scalable trading system for residential homes using blockchain and artificial intelligence.
Sustainable Cities and Society 76(7):103371 DOI 10.1016/j.scs.2021.103371.

Shah SA, Seker DZ, Rathore MM, Hameed S, Yahia SB, Draheim D. 2019. Towards disaster
resilient smart cities: can internet of things and Big Data analytics be the game changers? IEEE
Access 7:91885-91903 DOI 10.1109/ACCESS.2019.2928233.

Sharma R, Gupta D, Maseleno A, Peng SL. 2022. Introduction to the special issue on big data
analytics with internet of things-oriented infrastructures for future smart cities. Expert Systems
39(5):€12969 DOI 10.1111/exsy.12969.

Siddiqui S, Hameed S, Shah SA, Khan AK, Aneiba A. 2023. Smart contract-based security
architecture for collaborative services in municipal smart cities. Journal of Systems Architecture
135(2):102802 DOI 10.1016/].SYSARC.2022.102802.

Soomro K, Bhutta MNM, Khan Z, Tahir MA. 2019. Smart city big data analytics: an advanced
review. WIREs Data Mining and Knowledge Discovery 9(5):1319 DOI 10.1002/widm.1319.
Talebkhah M, Sali A, Marjani M, Gordan M, Hashim SJ, Rokhani FZ. 2021. IoT and big data
applications in smart cities: recent advances, challenges, and critical issues. IEEE Access

9:55465-55484 DOI 10.1109/ACCESS.2021.3070905.

Tundys B, Wisniewski T. 2023. Smart mobility for smart cities—electromobility solution analysis
and development directions. Energies 16(4):1958 DOI 10.3390/en16041958.

Wang X. 2015. Calibration of big traffic data for a transport smart city. In: 15th COTA
International Conference of Transportation Professionals. Beijing, China, 387-397.

Wu SM, Chen TC, Wu Y], Lytras M. 2018. Smart cities in Taiwan: a perspective on big data
applications. Sustainability 10(1):106 DOI 10.3390/sul0010106.

Yu H, Mihai IC, Srivastava A. 2021. Study and research on IoT and big data analysis for smart city
development. Scalable Computing Practice and Experience 22:215-225
DOI 10.12694/scpe.v22i2.1898.

Alosaimi et al. (2025), Peerd Comput. Sci., DOl 10.7717/peerj-cs.3383 27/27


http://dx.doi.org/10.1080/23311975.2020.1825041
http://dx.doi.org/10.1109/SCSP.2015.7181559
http://dx.doi.org/10.1007/978-981-13-0059-2_11
http://dx.doi.org/10.1016/j.scs.2021.103371
http://dx.doi.org/10.1109/ACCESS.2019.2928233
http://dx.doi.org/10.1111/exsy.12969
http://dx.doi.org/10.1016/J.SYSARC.2022.102802
http://dx.doi.org/10.1002/widm.1319
http://dx.doi.org/10.1109/ACCESS.2021.3070905
http://dx.doi.org/10.3390/en16041958
http://dx.doi.org/10.3390/su10010106
http://dx.doi.org/10.12694/scpe.v22i2.1898
http://dx.doi.org/10.7717/peerj-cs.3383
https://peerj.com/computer-science/

	Decision analysis of IoT-based big data analytics in smart cities of Saudi Arabia
	Introduction
	Literature review
	Materials: smart city factors
	Big data
	Methods (proposed methodology for smart city initiatives)
	Results
	Discussion
	Sensitivity analysis and comparisons
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


