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Abstract
In the evolving landscape of computing environments, fog computing has emerged 

as a pivotal technology for handling the increasing demands of Internet of Things (IoT) 
applications. Fog computing, with its decentralized approach, brings computational 
power closer to IoT devices, reducing latency and bandwidth constraints. However, this 
distributed architecture poses significant cybersecurity challenges, necessitating a holistic 
mathematical model to ensure the security and integrity of fog resources. This review 
presents a comprehensive mathematical cyber security model that is tailored to fog resource 
management in computing environments. The models generally encompass a wide array 
of security aspects, including data confidentiality, integrity, availability, and authentication. 
Leveraging advanced mathematical techniques, the models offer a robust framework 
for assessing and enhancing security in fog computing systems. The key components 
include threat modeling, risk assessment, and dynamic resource allocation strategies. By 
systematically analyzing potential threats and vulnerabilities specific to fog computing, 
these models assist in devising effective countermeasures and security policies. Moreover, 
there is a need to incorporate an adaptive resource allocation algorithm to dynamically 
allocate computing resources based on security priorities and real-time threat assessments. 
This review demonstrates the effectiveness of the mathematical cyber security model in 
bolstering the resilience of fog computing environments. The review highlights the need for 
safeguarding the next generation of fog computing systems against cyber threats, fostering 
the continued growth and adoption of transformative technology.
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1.  Introduction

Edge and fog computing have become more prevalent in recent years, 
triggering a significant change in the landscape of computer environments. 
These decentralized methods place processing power closer to the data 
sources, which has the potential to improve latency, boost real-time 
processing, and maximize resource utilization [1-3]. The imperative need 
to adequately handle cybersecurity challenges is an essential part of this 
development. There is a growing need to develop a holistic mathematical 
model for security in fog resource management as the lines between cloud, 
edge, and fog computing begin to blur.

As  edge computing empowers businesses and industries, fog 
computing offers the same by making it easier to perform data processing, 
storage, and application deployment at the network’s edge. However, 
there is a unique set of cybersecurity vulnerabilities and threats that arise 
due to this closeness to the data source [4,5]. Fog computing differs from 
conventional cloud-centric models in that it uses a wide variety of devices, 
some of which may have little processing power, to carry out computational 
tasks. A reevaluation of cybersecurity strategies is essential considering 
the implications of this dissemination. Figure 1 shows the architecture of 
the devices that can communicate with the cloud using Fog computing.

Focusing on the development and implementation of a comprehensive 
mathematical model, this review paper explores the complex field of fog 
computing cybersecurity. This review aims to provide a holistic framework 
for assessing, mitigating, and preempting cyber threats in fog computing 
environments by considering the entire spectrum of fog resource 

Figure 1
Devices that can communicate with the Cloud using Fog computing
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management, including data, computing, storage, and application 
components. The review delves  into the complexities of  mathematical 
framework and investigates  the fundamental principles of fog 
computing [6-8], to gain insight into the need for a unified cybersecurity 
approach in fog computing and the methods in which this novel model 
can provide a basis for securing the availability, confidentiality, and 
integrity of data and resources in a fog-enabled computing environment 
[9].

2.  Related Works

Securing the rapidly expanding edge and fog computing ecosystem 
necessitates the development and implementation of a robust mathematical 
cyber security model for fog resource management in computing 
environments. Fog computing offers a viable option to improve processing 
efficiency and reduce the amount of data sent to the cloud, both of which 
are essential for edge computing. Figure 2 shows the classification of fog 
computing configuration Focusing on the optimization of resource 
allocation via the application of ant colony optimization methods [10-11], 
this study tackles the problems that arise from the management and 
processing of resources in fog computing environments. By simulating 
cloud-like functionality close to data-generating devices, fog nodes make 
computing more holistic. This geographical proximity expedites the 
collection, processing, and availability of data for resource managers. In 
order to realize a multitier application architecture [4], these fog nodes 
can be deployed dynamically at various points along the IoT-to-Cloud 
path. For Internet of Things (IoT) applications, proximity becomes crucial 

Figure 2
Classification of Fog Computing Configuration
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because of the importance of low latency and efficient processing [5]. 
Notably, this method can have a significant impact in a wide variety of 
fields, from manufacturing and transportation to healthcare [12] and 
smart cities. There are significant benefits of incorporating fog computing 
into the IoT ecosystem since it promotes effective resource management 
and enhanced data processing.

Hence, fog computing is an ideal solution for satisfying the unique 
requirements of numerous IoT applications in a wide range of markets. 
Rohinidevi et al. [7], have characterized ‘big data’ as voluminous, fast-
paced, and diverse datasets that necessitate cost-effective novel data 
analysis techniques for meaningful insights. In recent times, the primary 
challenges posed by big data have largely been addressed [13-16]. These 
challenges are encapsulated within the big data: volume, velocity, variety, 
veracity, and value. However, it’s worth noting that this definition 
overlooks another crucial aspect: dimensionality.

3.  Security challenges

“Inconsistency disclosure” [17] is an effective technique for pinpointing 
parts of a dataset that don’t follow the norm. In a nutshell, it aids in 
identifying standout pieces of information. This method can be used to 
spot a number of different outliers:
(a)	� Local Density Deviation: This method evaluates a data point’s local 

density in relation to its neighboring data points. Instances with 
much lower density than their neighboring data points are singled 
out for special attention.

(b)	� Point Anomalies: A data point is considered an anomaly [17] if it 
is significantly more or less common than the other points in the 
dataset. The detection of fraudulent bank transactions is a well-
known instance of using anomalies to uncover unusual behavior.

(c)	� Contextual Anomalies: An occurrence is said to be anomalous 
in context when it stands out as out of the ordinary under certain 
conditions. When dealing with increasingly complicated data, such 
as in time-series analysis, this method of anomaly detection becomes 
increasingly important. [18]

(d)	� Collective Anomalies: These are discrepancies that appear over an 
entire dataset as a whole, as opposed to only a few isolated instances. 
Electrocardiogram (ECG) abnormalities indicative of arrhythmias 
are a common instance [18].
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Anomaly detection plays an important role in many domains, such as 
cybersecurity, fraud detection, healthcare monitoring, etc. Figure 3 illustrates 
the structure of security challenges associated with anomaly detection.

The numerous devices connected to fog nodes and the multiple entry 
points pose security challenges in fog computing. However, authentication 
is only part of the solution when it comes to securing communications 
between IoT devices and fog nodes in a network. There is still the possibility 
of faults or malicious assaults on devices. Because fog nodes might probe 
around for private information, security is more difficult to manage in the 
fog computing domain. This means it’s more important than ever to 
confirm user identities before allowing access to data kept on off-site cloud 
servers connected to the main network [7]. Security is a particular concern 
in fog computing due to its decentralized nature. It requires strong 
procedures for authenticating devices and users and protecting data’s 
privacy and security as it travels from the edge to the fog nodes and finally 
to the cloud.

Safeguarding the privacy and integrity of data in a decentralized 
computing paradigm like fog computing would need to tackle  these 
security challenges as its use becomes more widespread. Because of the 
complexity and changeability of the environment, it is crucial that the 
network be protected by stringent security mechanisms and protocols. 
Furthermore, providing centralized control presents substantial hurdles 
due to the widespread deployment of fog nodes throughout extensive 
territories. The Internet of Things (IoT) introduces a myriad of security 
and privacy risks, but it also revolutionizes a variety of services for end-
users. Devices connected to the Internet of Things (IoT) are already 
ubiquitous in our homes and places of business. The lack of strong security 

Figure 3
Structure of Security Challenges
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mechanisms makes sensitive user information more susceptible to 
compromise as it travels among IoT devices [9]. Any security flaws in IoT 
devices pose a significant threat to the end-user’s network infrastructure 
due to the devices’ interoperability with a wide variety of networks. Figure 
4 shows  the dimensions of fog computing, including the ever-present 
danger of cybercrimes that try to compromise network infrastructure to 
steal confidential information and trade secrets.

The interaction between IoT devices and fog nodes in the network 
fabric is a crucial cog that reduces latency and improves the quality of 
location-based experiences across a wide range of IoT applications. Cloud 
services in particular present significant security concerns in the digital 
realm. Users’ faith in cloud services is at risk if their security isn’t properly 
managed. Users typically interact with cloud services without having 
much insight into the inner workings or physical locations of the 
underlying servers. Since most people’s private information now resides 
in the cloud, cloud computing has had a profound effect on how data is 
stored and processed [16]. Problems with access control can lead to poor 
management and even provide bad actors the ability to do things like 
deploy software and change settings. This diagram illustrates the inner 
workings of the fog computing ecosystem within the larger computer 
environment.

Figure 4
Fog Computing Methodology
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4.  Simulation and Result Analysis

In the review, most of the security aspects have been understood by 
research. Figure 5 describes the market analysis of the fog computing of 
different applications. The lack of standardized norms and protocols, as 
well as a paucity of skilled labor, are limiting the growth of the sector. In 
addition, there are significant obstacles to development caused by the 
incorporation of AI solutions into present frameworks and the integration 
of large, unified systems. Another factor that could impede the expansion 
of the global fog computing market is the increased risk of cyberattacks 
caused by the proliferation of distributed computing and the increasing 
complexity of network architecture. The examination of the fog computing 
paradigm gives a thorough comprehension of these difficulties and how 
they connect with the broader dynamics of the market. To ensure the long-
term success of the fog computing market, it will be necessary to address 
not just technology advances but also legislative and workforce 
development concerns. 

Figure 5
Segment Analysis of Fog Computing

The future trajectory of this technology and its widespread acceptance 
across multiple industries will be heavily influenced by efforts to alleviate 
these issues and establish a suitable ecosystem for fog computing 
innovation.
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Figure 6
Global Fog Computing Market [20]

Figure 6 shows the projected Global Fog Computing Market growth 
in the year 2022 to 2030 and the forecast to grow at a CAGR of 12.3%. [20] 
North America’s position as a global leader in the adoption and innovation 
of fog computing is cemented by the region’s robust investments in fog 
computing research and the burgeoning IoT ecosystem.

Conclusion and Future Work

Securing the rapidly expanding edge and fog computing ecosystem 
necessitates the development and implementation of a robust mathematical 
cyber security model for fog resource management in computing 
environments. The review has highlighted the critical need for developing 
efficient methods for combating cybersecurity threats in distributed 
computing models. Providing a holistic framework for data, computing, 
storage, and applications, this model shows promise for increasing the 
robustness of fog computing infrastructures. As we continue to navigate 
the intricate intersection of cybersecurity and distributed computing, the 
proposed model stands as a crucial tool for safeguarding the integrity and 
availability of data and resources in this dynamic, fog-enabled era.
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