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Abstract: The Cloud-Based Secured Connection Management Model (CS-CMM) for high-density fog
networks is a novel approach that leverages cloud resources and the proliferation of computing power
at the edge of networks. The model seeks to address the challenges encountered when managing
large FoNets of numerous devices. The proposed model uses encrypted and secure connections
between devices and the cloud infrastructure. This allows for comprehensive and secure management
of nodes, devices, and links. The proposed model utilizes shared communication channels to allow
for optimal utilization of connectivity resources, and to reduce the latency of communication. The
model also utilizes secure protocols for distributed computing and secure communication, ensuring
end-to-end security for all nodes. The proposed model employs self-organizing algorithms and
adaptive techniques to enable rapid adaptation to changes in network density and topology. This
model provides a secure, efficient, and reliable means of managing high-density fog networks.

Keywords: cloud; secure connection; fog networks; power; edge

1. Introduction

All data being sent to and from a cloud server must be completely secure so that they
cannot be tampered with. This is especially important for sensitive data, such as financial in-
formation and medical records [1]. Without secure connections, malicious individuals could
access this information and use it for their own gain. The secure connection management is
essential for cloud servers due to the need for data privacy and integrity [2]. Without strong
security measures in place, hackers and other malicious actors could access or modify user
data. This allows IT departments to use predictive analytics to take preemptive action
to address potential problems and minimize downtime [3]. Many fog computing servers
offer energy-efficient monitoring and control. By focusing on the server’s power usage,
cooling, and other environmental factors, administrators can optimize energy performance
and reduce overhead costs. These solutions also help improve system security and avail-
ability, as hazardous conditions are detected more quickly [4]. By leveraging hierarchical
logging, resource scheduling, energy management, and software-defined networking, IT
departments can maximize the benefits of fog computing and better prepare for future
challenges [5]. The main contributions of this research include the following:
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• Improved data security: Secured server management ensures that all data transmitted
across the fog network are encrypted and strongly protected, making them secure
from unauthorized access, tampering, and malicious attacks.

• Data protection: Secured server management is designed to protect critical data to
prevent unauthorized access, unauthorized changes, and malicious activities. This
ensures that only authorized personnel can access and modify data stored in the
system.

• Improved performance: Secured server management is designed to optimize network
resources and maximize throughput, enabling high-density fog networks to run more
efficiently.

• Reduced costs: By optimizing server and resource utilization, secured server manage-
ment reduces energy costs, operating costs, and hardware costs [6–8].

2. Materials and Methods

Cloud servers are vulnerable to hacking because of the large number of connections
that are established between the clients and the servers [9]. As these connections are
established, attackers can use them to acquire sensitive or confidential data that are stored
on these servers. To ensure that cloud servers remain secure, cloud service providers must
manage and secure these connections, particularly those that are shared with multiple
clients or have high-risk data. [10]. The strong authentication protocols that require two-
factor authentication should be implemented to ensure that only authorized users can
access the server. It is essential that cloud service providers implement strict access control
measures to ensure that their system is protected from unauthorized activity [11]. Access
control measures such as user accounts, logins, and password requirements should be
implemented to prevent attackers from exploiting weak authentication protocols. The cloud
service providers can ensure that their cloud servers remain secure, and their data remain
safe from malicious attacks [12]. The development of high-density fog networks presents
unique challenges for server management. These dense environments bring together
both wired and wireless systems, along with a variety of layered network architectures.
This complexity creates a range of obstacles that must be addressed when managing the
server operations of a high-density fog network. One of the main challenges of server
management in high-density fog networks revolves around resource allocation [13]. This
need for efficiency demands that the server managers carefully consider the impact of
specific allocations and maximize the use of resources while minimizing any bottlenecks.
The high-density fog networks are more prone to security risks than their traditional
counterparts. This is due to their increased exposure to malicious activities such as DDoS
attacks, malware, and data leakage [14]. As a result, server managers must be especially
diligent in ensuring that their networks are adequately protected from these threats. [15].
The performance of a high-density fog network can quickly degrade if the proper scalability
and flexibility are not built into the network infrastructure. Server managers need to be
well-versed in the principles of scalability, and have access to the right set of tools to ensure
that they can respond to dynamic network conditions and seamlessly accommodate new
applications and services [16–18]. The novelty of the cloud-based secured connection
management model for high-density fog networks lies in its ability to provide an integrated
security profile that enables secure communication between multiple nodes in high-density
fog networks, while also providing a unified platform to monitor and manage the security
of each node [19,20]. This model also provides the ability to detect and block malicious
traffic going through the network, thus providing enhanced security for sensitive data
and services, as well as being able to detect and respond to potential attacks quickly and
efficiently.
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2.1. Proposed Model

Secure Connection Management Model for Cloud Servers is a framework that provides
a secure and reliable connection between cloud servers and users. It enables secure and
authenticated access to cloud services by leveraging IP security (IPsec) protocol.

N(v|u) =
(

N(v, u)
N(u)

)
(1)

N(v|u) = 1
N(u)

∗ 1
N′′ exp{Vuu + uvV + U} (2)

TLS ensures that all data transmitted between the cloud server and the users are
encrypted, making it impossible for any attacker to intercept the data. SSH provides a
secure connection between the cloud server and the user, allowing secure file transfers and
remote access to cloud services. The secure connection management model also includes
measures to ensure user authentication. Multiple authentication methods can be used,
such as 2-factor authentication or Single Sign-On (SSO). Additionally, access to the cloud
server is also restricted using access control measures such as role-based authentication or
IP filtering.

N(v|u) = 1
N′ exp{vuu + uV} (3)

The secure connection management model provides cloud servers with a high level
of protection and security, ensuring a secure connection between the user and the cloud
server. Due to the complexity of these deployments and the potential for security breaches,
it is essential that these networks be successfully managed.

N(v|u) = 1
N′′ exp

{
ue

∑
v=1

vu ∗ uv +
u f

∑
v=1

uvUV

}
(4)

High-density fog networks are densely populated with many connected devices, each
of which is assigned to a fog gateway for communication with external networks.

N(v|u) = 1
N′′

u f

∏
v=1

exp{Vu ∗ uv + u ∗ vuNu

}
(5)

The construction of a secure server management system for high-density fog networks
is essential for the continuity of network operations and security. By implementing the
aforementioned steps, a secure environment can be established in order to protect data
and applications from malicious attacks. Encrypted connections encompass mechanisms
that protect data while they are being transmitted between a source and a target. They
ensure that only authorized officers have access to personal information and enables data
protection from potential breaches. Encrypted connections use a variety of methods such
as SSL/TLS, IPSec, and SSH to protect data as they are sent over a network. At the node
level, encrypted connections protect data from being intercepted or modified as they are
transferred from one node or device to another. This ensures that confidential information
is not intercepted by malicious actors, and that the data are retained in their original form.
Additionally, encrypted protocols like IPSec and SSL/TLS can be used to authenticate data
before they are sent, adding a layer of security to communication

2.2. Operating Principle

The Secured Connection Management Model for Cloud Servers is an architectural
model that enables secure communication between cloud servers and clients.

N(ev = 1|u) = N(ev = 1|u)
N(ev = 0|u) + N(ev = 1|u) (6)
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N(pu = 1|u) = exp{Vu + VuUv,u}
exp{u, v}+ exp{vu + vuUv,u}

(7)

N(Vu = 1|u) = ψ(Vu + uvU) (8)

It also enhances user experience and decreases the risk of security threats. With its
simple yet robust approach, the secured connection management model makes cloud
computing more secure and reliable. The main benefit of shared communication channels
is increased efficiency and cost savings. With these channels, multiple users can send and
receive data in a single channel, instead of multiple dedicated ones. Because the resources
are shared, users are able to better optimize their networking resources, reducing in the
amount of physical resources, equipment and bandwidth required. This results in lower
costs for individuals and organizations. Additionally, improved connectivity from sharing
channels helps improve overall network performance. This is due to the fact that the more
connected networks, the better the customer experience, leading to increased customer
satisfaction. Furthermore, shared communication channels can enable collaboration and
easier communication within organizations. This improves organizational efficiency and
understanding, leading to better operational performance.

2.3. Functional Working

Secure server management in high-density fog networks is a critical process for ensur-
ing the optimal performance of these systems.

N = lim
v→0

(
u(v + u)− u(v)

u

)
(9)

This involves configuring each server, firewall, router, and switch, and setting any
necessary authentication credentials. This allows each of the devices to recognize and
securely communicate with each other. The operational flow diagram is shown in the
following Figure 1.

N = lim
v→0


(

1
u+v−1

)
−

(
1

u−1

)
v

 (10)
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Integration of cloud and fog networks is the process of bringing together the resources
and features of cloud and fog computing into a single system. By combining the archi-
tectures, companies and organizations have the potential to maximize their computing
power and offer better user experiences. Compatibility between cloud and fog networks
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is essential to successful integration and deployment. This includes ensuring compatibil-
ity between data formats and communication protocols, as well as between the different
types of hardware and software used by different networks. This requires a high level of
knowledge on the part of system designers and IT professionals.

Deployment of cloud and fog networks requires a robust and secure infrastructure.
This is achieved by using secure data communication protocols such as TLS/SSL, IPSec,
SSH, and others. Additionally, servers and storage infrastructure must be capable of scaling
up and down to meet changing demands. Integrating cloud and fog networks also involves
developing effective strategies for data governance and ownership. Data ownership can be
shared between organizations or remain entirely in the hands of one group. Additionally,
organizations must also address issues like privacy, security, and access control, all of
which must be addressed in order to ensure the safe and reliable operation of the combined
system.

The secure server management in high-density fog networks also entails regularly
patching and updating the components in the network. This keeps the system secure and
operational. Furthermore, any threat intelligence gathered from various sources should
be analyzed and acted upon swiftly to prevent further attacks. The functional working
of secure server management in high-density fog networks is a complex task. It involves
creating a secure infrastructure, monitoring software and hardware assets, setting network
security policies, and regularly patching and updating components to ensure that they
remain secure and operational. When carried out correctly, it can ensure that a network is
secure and efficient. Secure protocols play a critical role in distributed computing and end-
to-end security within the model. They provide a secure, authenticated environment for the
communication of data across a network of peer-to-peer systems. These protocols are used
to encrypt messages sent between nodes, prevent unauthorized access, and provide secure
authentication of nodes. In addition, they are used to provide integrity and availability of
data, ensuring that the data remain available and have not been tampered with in transit.
They can also provide secure audit logging, for recording network activities and ensuring
only authorized operations are performed. By ensuring the secure transmission of data
between nodes, secure protocols help make distributed computing and end-to-end security
models more reliable and secure.

• Limited throughput: In scenarios of extreme congestion, throughput can be drastically
reduced due to larger amounts of traffic competing for the same amount of available
resources. This can lead to increased latency and slow data rates, resulting in poor
performance for all users;

• Limited scalability: Extreme congestion can result in massive numbers of devices all
vying for the same resources. This can overload some components of the system, lead-
ing to diminished scalability and slower speeds for devices that were not previously
saturating the network;

• Limited Quality of Service (QoS): Device heterogeneity can lead to a variety of different
device configurations and capabilities, making it difficult to guarantee uniform per-
formance for all users. Device-to-device latencies can be unpredictable, and creating
strategies to ensure QoS might be difficult;

• Security vulnerabilities: Congestion of the network can allow malicious actors to
create spoofed traffic and launch attacks on other devices, leading to potential security
vulnerabilities. Moreover, users of different device types might be vulnerable to
different tailored attacks, making it difficult to ensure comprehensive security.

3. Results and Discussion

The proposed Secured Connection Management Model (SCMM) has been compared
with the existing Secure Workflow Scheduling Approach (SWSA), Cloud-Edge Load Balanc-
ing Distributed Protocol (CLBDP), Secure IoT Applications Allocation Framework (SIAF),
and Energy-Efficient and Secure Model (EESM). Here, the Network Simulator (NS-2) has
the tool used to execute the results. Self-organizing algorithms are well known for their
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rapid adaptation to changing environments and dynamic optimization tasks. By utiliz-
ing distributed computing networks, they can optimize complex parameters to achieve
maximum performance in a fraction of the time it would take a conventional algorithm. A
self-organizing algorithm combines local knowledge with area-wide information to make
distributed decisions using probabilistic logic. It can be used to automatically classify
images and detect objects in unknown environments. This is especially useful in computer
vision applications, such as facial recognition systems. In addition, self-organizing algo-
rithms can be used to enable robots to navigate in unknown and dynamic environments.
By combining the local data from sensors and the area-wide information from the global
database, the robot can construct a map of its environment, and thus enable autonomous
navigation.

• Data privacy concerns: As self-organizing algorithms and adaptive techniques are
used to gather and filter data, there is a risk of the data being misused or sold to third
parties, which could result in potential privacy concerns;

• Accuracy: Self-organizing algorithms and adaptive techniques are not 100% accurate,
leading to errors in the data being collected and filtered. This may lead to incorrect
decisions being made based on the data, and might negatively impact the product or
service;

• Trust and liability: With AI models, it is not always clear who is accountable if the
model produces an incorrect result. This can lead to users feeling less comfortable
trusting the results, and can potentially create liability issues if something goes wrong.

3.1. Prevalence Threshold

The prevalence threshold for a secured connection management model for cloud
servers is the minimum level of traffic that needs to be maintained in order to ensure the
security and stability of the hosting environment.

Figure 2 shows the computation of prevalence threshold. In a computation cycle,
the existing SWSA reached 67.98%, CLBDP obtained 56.78%, SIAF reached 82.74%, and
EESM obtained a 60.91% prevalence threshold. The proposed SCMM obtained an 87.30%
prevalence threshold.
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3.2. Threat Score

Threat score for secured server management in high-density fog networks is the
evaluation of data regarding the security of the servers at the fog nodes and the risks
associated with them. The exact amount of latency reduction and communication efficiency
gains that can be achieved in high-density fog networks depends on the specific network
configuration and applications running on the network. Generally, however, fog networks
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are able to make significant improvements over traditional client-server architectures,
particularly in terms of latency.

Figure 3 shows the computation of threat score. In a computation cycle, the existing
SWSA reached 64.76%, CLBDP obtained 53.84%, SIAF reached 80.05% and EESM obtained
a 57.84% threat score. The proposed SCMM obtained a 86.11% threat score.
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3.3. Delta-P

Delta-P (∆p) is an important metric in the secure connection management model for
cloud servers. It is an indication of the security state of a cloud server. Delta-P counts the
amount of time in which the security of the server has been violated.

Figure 4 shows the computation of Delta-P. In a computation cycle, the existing SWSA
reached 71.15%, CLBDP obtained 58.71%, SIAF reached 86.61%, and EESM obtained 63.61%
Delta-P. The proposed SCMM obtained 88.46% Delta-P. CS-CMM is a special version of the
CMM designed specifically for large, federated networks. It is based on the principles of
distributed trust, cooperation, and shared risk management. It provides a way for organiza-
tions to manage large Federated Networks of Computers, Networks, and Services (FoNets).
The CS-CMM helps to address a number of challenges related to security, scalability, and
availability in FoNets.
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Challenges addressed by CS-CMM for large FoNets include the following:
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• Security: CS-CMM helps to ensure a secure environment for access to network re-
sources, authentication of users, and a secure gateway between networks;

• Scalability: CS-CMM helps to efficiently scale with increasing volumes of network
traffic and data, while at the same time maintaining acceptable levels of performance;

• Availability: CS-CMM helps to provide a high level of reliability for FoNet services
and resources, including backup and disaster recovery;

• Trust: CS-CMM helps to establish trust through the use of secure certificates, encryp-
tion, and authentication methods;

• Compliance: CS-CMM helps to ensure compliance with best practices and industry
standards.

Illustrative examples of how CS-CMM can be used to address these challenges include
the following:

• For Security: Implementing two-factor authentication, and using digital certificates
and robust encryption algorithms;

• For Scalability: utilizing distributed architectures, virtualization, and cloud computing;
• For Availability: establishing backup and disaster recovery systems, geographically

distributed primary and secondary network components, and replication of data;
• For Trust: establishing a secure trust environment through authorization, authentica-

tion, and identity management;
• For Compliance: adopting industry-standard security frameworks.

4. Conclusions

Secure server management in high-density fog networks involves the deployment
and management of secure server components over local networks. It can be described as
collaboration between the fog layer (server components) and the fog layer manager (fog
stack). The fog layer consists of an application layer, where application-specific server
components are responsible for local operations such as application updates, data analytics,
local storage, and maintenance. The fog layer manager is responsible for managing the
secure server components, providing updates, enforcing security policies, orchestrating
server components, and providing monitoring and health checks for the local servers.
In addition to this layer, a security layer is installed on the fog layer, which provides
authentication, authorization, encryption, and access control for communication between
the server and the local network. This layer is also responsible for protecting user data
and preventing malicious activities. The security layer is also responsible for providing an
audit trail to track user interactions with the local network, and for responding to security
alerts triggered by suspicious events. Finally, the fog layer also features a monitoring and
analytics layer, which uses machine learning techniques to detect abnormal activities and
anomalies in the local network. Future research directions in cloud computing can involve
exploring the integration of Machine Learning (ML) and Artificial Intelligence (AI) into
cloud architectures and developing new dynamic resource allocation strategies to optimize
resource usage and reduce costs. Additionally, new research could focus on more efficient
methods of scaling cloud applications and developing new architectures to improve data
privacy and security in cloud environments. Further investigations into autonomous cloud
systems that can configure resources in response to changing demands and load factors
could also be explored.
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