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Abstract. Coverage area in dynamic networks is considered an important issue
that affects their general performance. It also affects the delay time when
exchanging data and the consumption of resources in the network. Moreover, the
coverage area issue in dynamic networks is directly affected by the distributions
of nodes within the environment. Movement patterns may also affect the
performance when it comes to coverage area. Therefore, this work develops a
method that simulates different scenarios. These scenarios include a variety of
settings and parameters that are believed to affect the coverage area issue of
dynamic networks. These experiments enable network developers to be aware of
the optimal conditions that maximize the coverage area of dynamic network
nodes and eventually improve the overall performance of the network. Three
distributions are used in the experiments namely, Cauchy distribution, Power-
Law distribution, and Normal distribution. Also, the simulations incorporate the
correlation mobility model for nodes dynamics. The findings show that Cauchy
distribution is not appropriate for simulating dynamic networks due to the large
uncovered areas by nodes communications. Also, the stability of an approach is
considered an important factor when measuring the performance of a dynamic
network. The results of this research are important to avoid wasting network
resources.
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1. Introduction

1.1 Overview

Recent years have witnessed a noticeable growth in the field of dynamic networks. These
networks contain dynamic nodes that move within an environment [1]. The movement of
nodes has a direct impact on the areas that can be covered by the communication range of
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nodes. Moreover, in dynamic networks, nodes are distributed according to a particular
pattern. In static networks, a particular topology can be followed when deploying the nodes.
This topology is static and nodes' positions are not subject to change. This makes the
coverage areas of the network approximately static [3]. However, in dynamic networks, the
positions of nodes are dynamic and changed over time, which leads the coverage area to be
not fixed. In dynamic networks, it is necessary to describe the movement of nodes and
include it when simulating these networks. Mobility models play a significant role in the
coverage area issue [4-6].

Many factors can affect the coverage areas in dynamic networks. Together, the
distribution of nodes and the mobility models used to have a noticeable effect on network
performance [7,8]. This is because the nodes are subject to two changes in position, the first
one is the original position (starting position) in the environment, while the second is the
consequence of the mobility model. The focus of this study is on the first factor because to
its relation to the nature of the environment. Thus, when designing networks, the nature of
the environment involved may affect the whole performance of the network.

1.2 Literature Review

Coverage area and resources consumption are intertwined in dynamic networks. This is
because covering more areas may consume more resources. The issue of coverage area is
considered a serious challenge that should be given a special attention when designing
dynamic networks (e.g., in the Internet of Things (I0T) or smart cities). Therefore, many
works in the literature have been done on this issue. One of the earliest works that is close to
our research was performed by Mi and Yang in 2011 [9]. They developed a method that
included particular topologies and mobility models to improve the quality of
communications of the coverage areas. Their method was efficient but contained many
limitations. For instance, they used standard topologies that might not reflect the current
trend in dynamic networks such as the environments of the Internet of Things or smart cities.
For this reason, the current research trends focus on imitating the future smart environments.
Barolli et al. (2022) [10] evaluated the performance of a network using variety of nodes
distributions and routing protocols. They found that Normal distribution showed better
performance in terms of coverage area and load balancing compared to other kinds of
distributions such as Weibull and Boulevard. Sheikh et al. (2022) [11] developed a dynamic
topology and evaluate the performance of the network. The method showed efficient
performance in terms of improving the coverage area communications. Pooya and Gianluigi
(2020) [12] suggested a cross-layer optimization method for implementing load balancing
and covering more areas with loads, and improve the performance of network resources
(e.g., memory and power). Moreover, a new method that was based on integrating the data-
centric storage approach and distributed data storage approach was proposed to handle data
loss problem due to resources (memory and energy) limitations. Dos et al. (2020) [13]
proposed a model to increase efficiency of energy by minimizing energy consumption.
Factors, such as processing time and data transmission cost, have been taken into
consideration to achieve better performance.
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1.3 Problem Statement and Contribution
Based on the related works presented in the previous section, there still a lack in methods
that evaluate the coverage area under different nodes distributions in dynamic networks.
This issue needs for a more attention by network developers. Therefore, this work tests the
performance of dynamic networks and evaluate the coverage area metric using variety of
distributions. To this end, many experiments were developed and tested.

The structure of this paper is organized as follows: Section 2 described the proposed
approach and the experiments done in this work. Section 3 presents the simulations results and
analysis. Finally, Section 4 concludes the work and provide some facts and recommendations to
dynamic network developers.

2. Research Method
Many requirements should be prepared before simulating dynamic networks. These
requirements also reflect the characteristics of the simulated network. The simulation
environment represents a squared area in which the dynamic nodes are distributed. The
distribution of nodes followed three approaches. The first one is using Cauchy distribution
[14], it distributes nodes in an uneven way, where the nodes are focused more in some areas
(see Figure 1).

Figure 1: Cauchy distribution of nodes.
Cauchy probability density function can be formalized as follows [14]:

1
Fx) = sT(1+((x—t)/s)?) 1)

where s and t are the scale and location parameters (see Figure 1). This distribution can be
observed in environments that have multi-centers.
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Figure 2: Cauchy probability density function (PDF).

The other distribution used in this work is the power-law distribution [15]. Distributing
nodes under this type makes the center of the environment of a high density of nodes, and this
density is decreased towards the edge of the environment. The variable that can feature this
distribution is formalized as follows [15]:

P(x) =Cx~™ (2)
Where « controls the scale of the distribution (see Figure 3), C is constant and x is a
variable that can be changed.

X
1 2 3 4 5

Figure 3: Power-law distribution (the impact of & on the scaling).

The third distribution involved is the Normal distribution [16], which is well-known. This
distribution deploys nodes starting from the center with a particular density, and this density is
decreased slowly reaching the border of the environment.

In addition to the aforementioned, the Correlation mobility model is used to simulate the
movements of nodes within the environment [17]. The moves of nodes are based on the
correlation between nodes in terms of the differences in positions.
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The aforementioned description represents the main requirements of simulating the dynamic
network as stated in [18] and [19]. In addition, the simulations include other settings as follows:
the number of dynamic nodes distributed in the environment are 100 nodes, the communications
between nodes are based on Wi-Fi that covers a circle of approximately 50 meters. During the
movements of nodes, a node cannot cross the edge of the environment.
To evaluate the performance in terms of connectivity, a particular strategy is followed. This
strategy states that when a node moves within the environment, the areas that are covered by the
communication range of the node are counted. This means, as nodes move, the covered areas are
increased.

The experiments of this work are based on three main scenarios, which are based on the
distribution type. Table 1 presents these scenarios and the settings of the experiments.

Table 1: The experiments of this work and their settings

Experiment # Distribution Mobility Model # of Nodes # of Tests
1 Cauchy Distribution Correlation Mode 100 10
2 Power-Law Distribution Correlation Mode 100 10
3 Normal Distribution Correlation Mode 100 10

After determining the settings of the experiments, the simulations are ready to be executed.
At this point, each experiment is executed 10 times for accuracy purposes [20][21]. The reason
behind this strategy is that the positions of nodes are changed every time a new simulation is
started. This is useful since the goal is to have different cases in the experiments considered in
this work.

3. Results and Discussions

The results have been obtained based on the designed experiments and their settings. For the
three distributions taken in this work, 10 tests (Test_1 to Test_10) have been executed. Figure 4
depicts the performance of each distribution and the tests performed. The metric used in this
work is based on the amount of areas that can be covered by each distribution. It is obvious that
Cauchy distribution underperformed the other distribution in terms of the coverage areas. This is
because nodes under this distribution are not distributed in some areas, which makes a gap in the
environment even with the mobility of nodes. The power-law distribution reflected better
performance than Normal distribution. The reason for this performance is that in power-law the
nodes are centered in the environment but they move towards all the directions covering more
areas. In all the tests performed in this work, Cauchy distribution reflected low efficiency in
covering areas.
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Figure 4: Performance evaluation of the 10 tests of each distribution.

The above result is not enough to judge the performance of the distributions. Therefore, we
tested the stability of the performance using the 10 tests of each distribution. Figure 5 shows the
stability of the performance considering the results obtained from Test_1 to Test_10. As can be
seen, the stability of power-law reflected better performance than the other two distributions. The
Cauchy distribution also reflected the worst performance in terms of the stability of the tests. The
last step in this analysis is to calculate the average performance of the distributions. Figure 6
shows the average performance of the distributions, this average represents the mean value of the
10 tests considered in each distribution.

According to these results, in dynamic networks, Cauchy distribution reflected low
efficiency in covering the simulation environment. This means network developers should
consider the nature of the environment before designing their approaches. Also, stability is
considered an important factor in measuring the performance of an approach.

Taking into consideration the experimental results, in the case of Cauchy distribution, it is
needed to consume more resources to reach the uncovered areas, which is expensive.
Furthermore, studying the nature of dynamic networks environment plays a significant role in
reducing the waste in resources in these networks.
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Figure 5: Performance stability of the distributions.

fyarage Performance

[} a0 40 60 B 100

o Normal  ® Power-Law  ® Cauchy

Figure 6: Average performance of the distributions in terms of the coverage areas.

4. Conclusions

This work develops a method that simulates different scenarios for measuring the performance
of dynamic networks. These scenarios include a variety of settings and parameters that are
believed to affect the coverage area issue of dynamic networks. These experiments enable
network developers to be aware of the optimal conditions that maximize the coverage area of
dynamic network nodes and eventually improve the overall performance of the network. Three
distributions are used in the experiments namely, Cauchy distribution, Power-Law distribution,
and Normal distribution. Also, the simulations incorporate the correlation mobility model for
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nodes dynamics. The findings show that Cauchy distribution is not appropriate for simulating
dynamic networks. Also, the stability of an approach is considered an important factor when
measuring the performance of a dynamic network.
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