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Abstract

Security issues in cloud networks and edge computing have become very
common. This research focuses on analyzing such issues and developing the
best solutions. A detailed literature review has been conducted in this regard.
The findings have shown that many challenges are linked to edge computing,
such as privacy concerns, security breaches, high costs, low efficiency, etc.
Therefore, there is a need to implement proper security measures to over-
come these issues. Using emerging trends, like machine learning, encryption,
artificial intelligence, real-time monitoring, etc., can help mitigate security is-
sues. They can also develop a secure and safe future in cloud computing. It
was concluded that the security implications of edge computing can easily be
covered with the help of new technologies and techniques.

Keywords

Edge Computing, Cloud Networks, Artificial Intelligence, Machine Learning,
Cloud Security

1. Introduction

Edge computing is a distributed information technology architecture in which
the client’s data is processed at the network’s periphery, which means the processing
is done near the point where the data has been originally generated [1]. Data is
considered one of the major assets of modern businesses that provide valuable
insights and are also integral in making important decisions to run business op-
erations smoothly. The rush of data can be controlled and managed with an ap-
propriate system that ensures data is protected from unauthorized access and
can be operated in real-time from different locations and connected devices.
Managing the data flow by integrating a traditional cloud computing network is

challenging. That’s why there is a need for edge computing in cloud networks, so
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a proper flow of information is ensured. The data processing and analysis process
is completed at the point where the data is originally generated instead of trans-
mitting the raw data to a central data center.

Security of data and resources is the most important thing to consider, no
matter what field or industry it is. Similarly, edge computing also demands the
security of shared data among all the connected devices and users. For this pur-
pose, it is important to implement innovative and creative tools and techniques
that ensure vulnerability management, intrusion detection, and prevention. Secu-
rity must be extended to IoT devices and sensor devices, as every device connected
to this cloud network can get hacked by unauthorized users. Other risks may be
related to data storage, perimeter defense, authentication, physical attacks, mali-
cious hardware/software injections, and many more. This research aims to con-
duct a literature review of past studies focusing on edge computing in cloud net-
works, so that the security implications can be understood deeply. Figure 1 shows

how edge computing works.

2. Literature Review

2.1. Security in Traditional Cloud Environments

Traditional cloud networks face many security issues and threats. A study by [3]
was also conducted in this regard. According to the researchers, cloud compu-
ting is becoming very common and has many benefits regarding remote access,
improved IT infrastructure, cost efficiency, etc. However, there is a need to focus
on the associated privacy and security issues in cloud environments. It was ob-

served that clouds can suffer from different threats such as back doors, trojans,
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Figure 1. Edge computing [2].
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viruses, etc. Tampering is another example of such a challenge in which the threat
directly changes the whole system, such as XML positioning, which leads to com-
plete system malfunction. Besides, in the case of repudiation, the authoring in-
formation of actions is modified by a malicious user. Moreover, a denial-of-service
attack can occur in this case, where the hacker prevents authentic users from ac-
cessing the data. All such security issues must be overcome through proper se-
curity protocols and practices. Figure 2 shows the traditional cloud computing
environment.

Research by [5] focused on analyzing the security protocols that can be used
to overcome the challenges faced in a cloud environment. The research showed
that companies can implement cloud computing deployment models to overcome
such issues. The implementation of user-centric cloud accountability is equally
important in this regard. An example of such a framework is Trust Cloud, which
develops abstraction layers in the cloud. It acts as a detective to identify security
threats in the cloud. Another important feature is Digital Identity Management,
which helps limit access controls to authentic users. Data integrity can also be
ensured by implementing the Zero-Knowledge Proofs mechanisms. Another
method to ensure security is the implementation of auditability for cloud service
providers. All these methods are highly effective in developing security practices

in cloud environments.

2.2. Emergence of Edge Computing

Edge computing is a highly emerging computing paradigm related to various
devices and networks near users. Edge is linked to processing data closer to
where it is being produced, which helps in high-volume and speed processing.
This further leads to greater action-based results. This concept was explained in

detail by [6] through comprehensive research. The researchers stated that with

Policies
Risk Assessment
Hybrid
loud
Private ublic
Cloud Cloud
Monitor and ]
Control Data Protection Governance
Figure 2. Traditional cloud computing environment [4].
DOI: 10.4236/jcc.2024.122003 28 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2024.122003

S. Ahmadi

0D @

Video

the development of the Internet of Things, the number of smart devices linked to
the Internet continuously increases. This leads to the development of large-scale
data, which causes issues like poor privacy, bad security, slow response speed,
bandwidth load, etc. In response to conventional cloud computing, a new con-
cept of edge computing has emerged. This computing platform helps perform dif-
ferent calculations at the network’s edge. It focuses on being closer to the source
of the data. This is because, at this edge, it is lightweight for small-scale and local
data processing and storage. Figure 3 shows the emergence of edge computing
in the computing paradigm.

Another research was conducted by [8] regarding this concept and its oppor-
tunities and issues. According to the research, the applications of service-based
principles and virtualization in different emerging networking paradigms have
developed a trend of network cloudification. This trend enables different net-
work systems to be recognized based on cloud technologies. It also enables net-
work services to be realized based on the cloud service model. Network cloudi-
fication and the crucial role of networking in edge computing platforms result in
the convergence of edge computing and networking. This calls for a holistic view
of all the areas of computing and networking that can develop the relevant
technologies. The researchers also aimed to develop a big picture to depict the

current status of research in edge computing. It was observed that edge computing
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Figure 3. The emergence of edge computing [7].
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could have many benefits in terms of speed, security, reliability, latency, cost, and

performance.

2.3. Technological Enablers for Security

Different technologies can play a role in improving security in edge computing.
Machine learning and artificial intelligence are becoming common in this re-
gard. Research by [9] was conducted on the role of Machine Learning (ML) in
this area. The research showed that many firms invest in cloud computing and
its security. The use of ML techniques can help in detecting or preventing secu-
rity gaps and attacks on the cloud. Different ML models, such as K-means, Ran-
dom Forest, Linear Kernel, ANN, Bayes net, KNN, Decision Tree, etc., can be
used in this regard. All of these models are effective in detecting different types
of attacks. For instance, data mining techniques can help in identifying DDoS
attacks. The CKNN model can help detect security risks by analyzing flow fea-
tures. Figure 4 shows different machine learning models that help in detecting
security gaps and attacks on the cloud.

Some other important techniques are cryptography and encryption. A detailed
review of cryptography in edge computing was conducted by [11]. The researchers
stated that cryptography is a protective approach to information from suspicious
parties with the help of changing data into an unreadable format. The main
purpose of this approach is to protect the data from unauthorized access. It in-
volves encoding the main information, like textual media and content, to make it
meaningless, non-understandable, and invisible. This technique thus helps to en-
sure the confidentiality and privacy of the data.
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Figure 4. Machine learning models [10].
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Edge devices can also use identity and access management strategies to ensure
security. Research on such strategies and their effectiveness was conducted by
[12]. The authors stated that cloud computing involves using different technol-
ogy resources by different users according to their needs. The main issue with
this area is the issue of security. Since data are dispersed across different sto-
rage devices and machines, security issues are highly likely. In such a case, access
control mechanisms are very important. According to the researchers, access con-
trol can be depicted as restricting access to a particular resource or place. These
mechanisms are very important because of the dynamicity and heterogeneity of
the cloud. They help ensure that all attempts of specific users to access the data
are based on access controls provided by the system. In this way, privacy and secu-

rity can be maintained.

2.4. Resource Constraints and Security Measures

In case of limited resources on edge devices, there is a need to implement proper
security measures. Geo-resiliency is one such measure. When users consider cloud
providers, they should always inquire about the resiliency and protection fea-
tures they use. Research by [13] focused on developing solutions to such security
issues. It is very important to be aware of different edge computing security con-
siderations. Maintaining business functionality and data availability is very im-
portant in this regard.

Moreover, protecting data from unauthorized access is crucial to the security
and privacy of data. Companies should also implement mitigation plans in case
of security incidents. Proper measures should be implemented to detect the risk
of security issues. Artificial intelligence, encryption, media sanitization, gateway
technologies, etc., can be ensured to overcome these issues. Figure 5 shows the
security measures in edge computing.

Using lightweight security solutions and optimizations for resource-constrained
environments is also becoming common today. Lightweight cryptographic algo-
rithms for managing resource-limited cloud devices were also researched [15].
The research showed that the privacy and security of cloud services are the ma-
jor issues. Such devices have very limited memory, power, and area resources.
Therefore, securing resource-constrained devices in the cloud, wireless sensor
networks and RFID tags has become difficult. Lightweight cryptographic algo-
rithms are created to provide proper security in such devices. If these algorithms
are implemented in the hardware, they cannot be read or modified easily by in-

truders. Thus, they provide a more physically secure adoption of security.

2.5. Interoperability Challenges and Solutions

Interoperability mainly relates to the ability of services and applications to be
used on different platforms. This feature is crucial for companies that want to
utilize various cloud service providers for diverse aspects of their applications.

However, this feature also comes with many challenges regarding data portability.
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Figure 5. Components of edge security [14].

This issue of service interoperability is also focused by [16]. The research stated
that client-centric interoperability helps migrate applications and data across
clouds. It also provides users with enhanced control over their workloads. On
the other hand, provider-centric interoperability helps the network providers
to collaborate with users. Both of these perspectives can encounter serious issues
related to security, scalability, and dependability.

The implementation of standardization efforts and industry-wide security
protocols is needed in case of interoperability challenges. Research by [17] has
also been conducted in this regard. The researchers focused on addressing se-
mantics standards for cloud interoperability and portability. They stated that
many proprietary application programming interfaces are available for collabo-
ration and migration among cloud providers. However, they need the imple-
mentation of proper standardization efforts. These include Cloud SME, PSIF,
STAGER, SCA, OSAIC, Open Swift, etc. The research also found that the se-
mantics and migration of portability and interoperability cannot be attained to-

gether.

2.6. Future Trends and Research Directions

Research in the area of Edge Computing (EC) security is currently ongoing. Edge
computing and sensor cloud are also focused on [18]. The researchers stated that
sensor-cloud technology has developed from recent cloud computing applications
and wireless sensor networks. The researchers analyzed the sensor-cloud-related

literature to discover architectural challenges, effective management systems,
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and security-enabled solutions. The researchers mainly focused on the perspec-
tives of heterogeneity, transparency, sharing, and management. It was seen that
sensor-cloud systems are transparent and related to the kinds of sensors used.
Besides, the characteristic of heterogeneity can assist the sensor-cloud systems in
processing real-time heterogeneous data to make important decisions. Moreo-
ver, multi-user data sharing can lessen the costs of communication and transmis-
sion and enhance working efficacy. Some of the emerging trends in edge compu-
ting are shown in Figure 6.

Many new trends are emerging in this field, such as machine learning and ar-
tificial intelligence integration. This trend is also focused by [20]. The research-
ers stated that there is a mutual benefit in the combination of AI and EC. The
main reason behind this combination is that EC alone faces security, energy con-
sumption, privacy, delay optimization, resource allocation, and task scheduling
issues. The use of Al-based solutions helps in overcoming these problems by
enhancing overall system efficiency. Future research is further needed regard-
ing how the use of such solutions specifically enhances efficiency and overcomes

security issues.

3. Problem Definition

The use of cloud computing in completing business operations shows the ad-
vancement of this modern world. It shows how the data is getting transformed

in different industries in different corners of the world. This innovation comes

Edge Computing
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Figure 6. Edge computing trends [19].
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with advantages and several challenges and issues, such as data security. The major
problem revolves around understanding the importance of addressing security
constraints and implications related to the integration of edge computing in cloud

networks.

3.1. Decentralized Nature

One major challenge in the cloud network is the decentralized nature of edge
computing [21]. Edge computing differs from traditional cloud computing re-
garding data processing in data centers. For instance, in the decentralized com-
puting model, data processing occurs at different points spread out geographi-
cally, lowering latency and improving overall performance. It is advantageous
for those applications where real-time data processing is important, such as IoT
applications, video streaming and autonomous vehicles. Figure 7 shows decen-
tralized edge computing architecture and how it is a challenge in cloud net-

works.

3.2. Increased Attack Surface

In edge computing, different factors lead to attack surface expansion, for exam-
ple, Digital transformation ventures, which may include shifting towards a cloud
platform [23]. As all the devices are connected in the cloud network, every
switch or router that data encounters on its travel is a major point of compro-

mise. Attackers could attack each of these devices to get unauthorized access to
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Figure 7. Decentralized edge computing architecture [22].
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damage the personal data of an organization or network. Thus, limiting the
number of access points is important to protect the data from unauthorized us-
ers. Edge computing introduces many devices where each device acts as a point
of vulnerability. It leads to developing the problem in terms of developing and
maintaining robust security measures that can adversely affect the overall com-

puting network.

3.3. Network Latency and Bandwidth Concerns

Edge computing pays great attention to processing data closer to where it was
generated to obtain fast responses. However, it becomes more work to maintain
strong security and quick reactions simultaneously [24]. Undoubtedly, adding
security measures may slow down the internal operation, affecting the real-time
nature of edge computing. Thus, one of the most significant challenges is ba-
lancing low latency and strong security, which requires innovative solutions for
enhancing the network’s overall performance without compromising data secu-

rity and safety.

3.4. Heterogeneous Environments

All edge networks are different from each other as different devices are con-
nected with different features, capabilities, and operating systems [25]. This di-
versity results in making it difficult to develop security rules that are the best fit
for all the devices. Edge devices differ from cloud devices because they require
flexible security systems to handle different technologies effectively and effi-
ciently. Creating such adaptable frameworks is one of the most significant chal-
lenges to ensure the safety and protection of the complete edge computing net-

work.

3.5. Authentication and Authorization Complexity

In edge computing, it can be challenging to ensure the accuracy and authentica-
tion of all the connected devices and users and control what these devices and
users do [26]. On the other hand, in traditional cloud computing, it is simple to
check who is who and decide what the connected users can do in the central net-
work. However, when edge computing is spread in different corners, it becomes
challenging to set up strong systems that play an important role in checking and
allowing data access. One of the major tasks is to follow creative ways to ensure
authentic people are granted access. It means advanced tools must be used for
this purpose, and organizations must also focus on extra security steps such as
face recognition, fingerprint recognition, two-factor authentication, etc. Thus, the
purpose of edge security is not just to keep things secure but to manage the data
processing in a complicated and scattered network. Figure 8 shows the impor-

tance of authentication in edge computing.

3.6. Data Security and Privacy Concerns

Data security and privacy are some of the most important problems in edge
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Figure 8. Accuracy and authentication in edge computing [27].

computing [28]. This is because when the data is shared between the cloud and
the connected devices, it requires protection so that the sensitive data can be
protected. Due to this, edge computing needs special care, and the best way to do
this is to use end-to-end encryption. End-to-end encryption plays a vital role in
ensuring the safety of sensitive data, whether sitting idle or roaming around the
network. But it is about keeping the data safe and following some appropriate
rules. Following data protection laws that become complex regarding a scattered
setup is necessary. Moreover, it is not just to lock things up but to keep the data
safe when it roams around. Figure 9 shows the importance of data security and

privacy concerns in edge computing.

3.7. Edge Device Security

Security challenges occur regarding the physical accessibility of the devices con-
nected to edge computing networks [30]. These are the devices that are present
in less controlled and diverse environments. It is important to provide physical
security to the devices connected with the network so that unauthorized access
can be prevented along with potential breaches. Moreover, updating these de-
vices by integrating the latest and advanced technologies is important. It is im-
portant to remember that each device needs to be updated at different times. These
devices must be updated by keeping the network secure, like updating a computer

while keeping the house locked.

4. Methodology/Approach

4.1. Research Design

4.1.1 Approach

A qualitative research method, which is majorly focused on analyzing the exist-
ing literature, has been used for this research study. The purpose of using this
approach is to explore different security aspects that are related to edge compu-

ting in cloud networks.
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4.1.2. Rationale

A qualitative research design is important in providing in-depth knowledge re-
garding a specific topic and insights into the literature. It is considered the best
approach for understanding the role of edge computing in cloud networks and
how security can be improvised in such networks. This is because it provides a
detailed explanation of the role of edge computing in cloud networks. It also
enables researchers to gather rich and context-specific data, so that valuable
information can be explored regarding edge computing. Moreover, it provides
human-centric insights as it involves interactions with individuals or organiza-
tions that are useful in decision-making processes and understanding the human

factors.

4.2. Data Collection Methods

4.2.1. Inclusion Criteria

The data collection method included in this research study includes gathering
important information from different sources like books, conference papers, and
scholarly articles published from 2020 to 2023 [31]. This time frame ensures that
all the gathered information is up-to-date, and this latest information shows the
implications of security in edge computing in this modern and advanced world.
These inclusion criteria play an important role in prioritizing the sources that
address the security constraints in edge computing to ensure that the selected

studies are according to the research objective of this conducted research study.

4.2.2. Search Strategy
The data collection process includes a systematic search strategy for managing
databases such as ACM Digital Library and IEEE Xplore [32]. Moreover, some

common keywords have also been used in this research study, such as cloud net-
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work security, edge computing security, and many other related terms, which
ensure that this research comes with a literature review of sources relevant to the

research objectives.

4.2.3. Selection Process

The selection process includes the selection of specific abstracts, titles and rele-
vant texts related to the research objectives. This study has prioritized relevance
to ensure only the related studies that provide valuable and useful insights re-
garding security challenges and the things to be considered related to edge compu-
ting within cloud networks are included. This process aims to maintain the qual-
ity of the information mentioned in the research study’s literature review, which
contributes to a well-informed analysis of security implications in edge compu-

ting within a cloud network.

4.3. Data Analysis Techniques

4.3.1. Synthesis of Findings

Data analysis plays an integral role in this research study, including synthesizing
key findings from all the selected literature studies. This includes summarizing
the insights of each study, identifying the specific themes and categorizing the
information of each research study related to the security implications of edge

computing in cloud networks.

4.3.2. Thematic Analysis
Thematic analysis is the one in which the data is analyzed based on specific themes

and defined patterns.

4.3.3. Gap Identification

All the data gathered from different sources has been critically evaluated so that
the gaps in each study could be identified along with the areas that need to be
focused on by future researchers. Identifying such gaps provides the basis for
future exploration and insights into the present research on the security implica-
tions of edge computing within cloud networks. These gaps may include security

gaps and attacks on the cloud.

4.3.4. Results and Discussion

The addition of edge computing in cloud network architecture leads to a new
computing paradigm; this allows us to see how the work can be done by com-
bining different machines. This new generation allows us to identify the hidden
talents within each other. However, this transition has its security implications.
Strict rules must be made to protect and arrange sensitive data. And the suc-
cessful solutions to these challenges require more updates and experimentation.
Embracing decentralized identity management is a foundational step in fortify-
ing the authentication processes within edge environments, contributing to these
decentralized computing architectures. Figure 10 shows how edge computing

works in cloud network architecture.
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Figure 10. Edge computing in cloud network architecture [33].

4.3.5. Security Challenges
e Edge Device Vulnerabilities

Edge devices which work in long and different resource-constrained areas
present a huge security challenge. These devices are helpless because of their li-
mited resources, power, and security features, which leads to physical violation
and attack [34]. This is due to their remote locations, and the difficulties of un-
authorized access increase, making them helpless to intending actors. The com-
bination of limited security and data privacy and integrity concerns are different.
Solving these challenges requires a proactive approach that contains strong secu-
rity features, encryption protocols, and continuous monitoring to increase the
security position of these edge devices.
e Data Transmission Security

The separate nature of edge computing introduces the small data transfer from
these edge devices to the cloud servers, combined into simple terms that how big
data can be. The high data flow raises concerns about data privacy, security and
eavesdropping during transmission. When the data is moved or transferred from
edge devices to cloud devices, the risk increases because it becomes difficult to
hide sensitive information [35]. In addition, increased frequency of transmission
is also important to ensure data integrity. Strong encryption protocols, a secure
communication framework, and good monitoring should be applied to face these
challenges. Solving these data security issues is important to increase the efficiency
of information exchange in edge computing.
e Distributed Authentication and Authorization

Traditional centralized authentication model faces many challenges due to the

migration towards distributed edge environments [36]. The main challenge of
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Core

these models is security management. The use of edge devices in different loca-
tions and the decentralized nature of edge computing create problems in the
authentication and authorization methods. This decentralized nature of edge
devices makes it very difficult to adapt to traditional models. These challenges
need to be tackled to strengthen security. Distributed authentication provides an
emerging system to prevent unauthorized access. Implementing an efficient au-
thentication method is the main goal. This ensures the avoidance of security
protocols and overall network integrity.
® Resource Management and Isolation

Resource management is also very important in edge computing. It plays a vi-
tal role, but some challenges exist, such as workload isolation on shared edge re-
sources [37]. At the same time, this increases the risk of data violation and af-
fects the integrity of the entire network. Unauthorized access while sharing re-
sources can damage data privacy and also affect the overall reliability of edge com-
puting. To solve these problems, a strong isolation mechanism, such as contai-
nerization and virtualization, is required. This ensures that everything is done in
a controlled and secure environment. Maintaining a secure, isolated environment
and striking a balance is very important. Figure 11 shows how resource manage-
ment works in edge computing.
e Regulatory Compliance

Regulatory compliance issues increase challenges in edge computing systems,
where data is gathered from multiple locations [39]. It has to face different laws
and regulations in different locations, which leads to more challenges. Meeting

the requirements of data protection regulations such as GDPR is made difficult
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Figure 11. Resource management in edge computing [38].
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by the decentralization of edge computing systems. Regulatory compliance requires
attention to data release and processing policies so that the data can move through
different regions and different laws. This is the best solution to challenge and
agree on edge computing processes with data protection and regulatory frame-
works. The organization that works in an edge computing system must create
strong data protocols for its governance and compliance to transmit the data ac-
curately through different locations. Expressive reasoning is important to organize
technology development with a legal framework to secure user privacy and meet

data protection law requirements.

4.3.6. Security Solutions
o Edge Device Hardening Compliance

It is very important to develop the security of edge devices. The overall condi-
tion of the security is based on the edge device hardening [40]. All the weak-
nesses can be tackled by applying strong security measures at the device level.
These security measures include regular firmware updates, secure boot protocols,
and devotion to stringent physical security protocols. The secure boot process
plays an important role because it ensures that only authorized and reliable soft-
ware mechanisms are executed during the device setup. This keeps away all the
harmful attempts that try to compromise the system.

Regular firmware updates are also important; their work is to tackle the known
weakness of the device and enhance its flexibility against developing threats.
Moreover, implementing physical security protocols works as an additional layer
of safety that protects from unauthorized access. These physical security proto-
cols include tamper-evident hardware and safe enclosures. In these constantly
changing cybersecurity challenges, edge device hardening plays an important
role. It protects the integrity of individual devices and helps in the flexibility of
edge computing environments. Figure 12 shows the importance of edge device

hardening.
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Figure 12. Edge device hardening [41].
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e Encrypted Communication Protocols

The adoption of encrypted communication protocols is a pivotal measure in
ensuring the security of data transmission within edge computing ecosystems
[42]. By employing end-to-end encryption and robust communication protocols
like Transport Layer Security (TLS), the confidentiality and integrity of data dur-
ing transit between edge devices and cloud servers are fortified. End-to-end en-
cryption ensures data remains encrypted throughout its journey, preventing un-
authorized access or eavesdropping attempts. TLS, a widely accepted cryptographic
protocol, further establishes a secure communication channel, safeguarding against
potential man-in-the-middle attacks and unauthorized interception. Embracing
such encrypted communication protocols not only shields sensitive information
from external threats but also fosters trust in the secure exchange of data across
the decentralized architecture of edge computing, contributing to the overall re-
silience of the network against evolving cyber threats.
o Distributed Identity Management

Deploying decentralized identity management solutions is pivotal for secure
authentication and authorization in edge computing [43]. The unique challenges
of edge environments necessitate adaptive identity frameworks and technolo-
gies such as blockchain offer compelling solutions. Blockchain provides a tamper-
resistant and distributed ledger, augmenting the trustworthiness of identity in-
formation. By decentralizing identity management, the vulnerabilities associated
with centralized approaches are mitigated, enhancing security. Utilizing block-
chain in this context not only ensures the integrity of identity data, but also aligns
with the dynamic and distributed nature of edge computing. Embracing decentra-
lized identity management is a foundational step in fortifying the authentication
processes within edge environments, contributing to these decentralized compu-

ting architectures.

5. Conclusion

In conclusion, edge computing security environments in cloud networks come
with advantages, disadvantages, and challenges that organizations face. The na-
ture of edge computing networks is decentralized, enhancing the overall data
processing. The use of blockchain technology shows a need to identify adaptive
security measures in edge environments due to their decentralized nature. It is
important to focus on developing strategies that prioritize the privacy and secu-
rity of the data, whether it is idle or traveling around the network from one de-
vice to another. The major reason is to overcome data privacy issues and resource
limitations. This study focuses on introducing flexible security frameworks adapted
to edge devices’ dynamic properties and a zero-trust approach. Strong data secu-
rity mechanisms, threat intelligence, and real-time monitoring are required to
enhance edge computing. Integrating security solutions is becoming necessary to
develop and enhance edge computing. It guarantees the robustness of edge en-

vironments and opens the door for safe, effective, and scalable distributed com-
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puting in cloud networks. In this rapidly evolving and revolutionary industry,
staying ahead of new security threats requires constant research and improve-

ment.

6. Future Scope

The analysis of the security implications of edge computing in cloud networks
shows how rapidly the world is advancing and the associated challenges. In the
coming future, it is important to focus on developing security frameworks, spe-
cially designed according to the decentralized nature of edge computing. Com-
prehensive protocols and guidelines will be important to introduce, so that edge
devices can deal with emerging vulnerabilities, difficulties, challenges, and threats.
As new technologies are emerging in this modern world, such as 5G networks,
it is important to comprehend their implication by considering security meas-
ures.

Additionally, the use of machine learning and artificial intelligence in edge
computing will also rise, which will result in several remarkable innovative secu-
rity solutions. Future researchers can focus on integrating these technologies and
identify their associated challenges and risks to develop mitigation strategies.
The scalability of edge computing networks provides a basis for future research-
ers to focus on security measures, so that the growing number of edge devices
can be managed and data processing can be enhanced. Innovative strategies for
error-free scalability must be investigated and analyzed without compromising
the security of the data.

Organizations must refrain from ensuring robust data processing by imple-
menting secure systems and security protocols; they must train their labor. For
this purpose, future researchers may focus on employee training programs and
user awareness programs to enhance overall security. The users must be pro-
vided with all the required information that could develop a sense of dealing
with potential risks and introducing the best practices to create a human-centric

security approach.
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