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ABSTRACT

Fiber to the home is the most advanced technology for building the next generation of
communication networks around the world. FTTH is the most promising technology that can
provide high bandwidth with more reliability and very high quality of service compared to the
previous type of traditional internet connection technologies such as DSL. There are several open
issues and research in the implementation of these networks. Among these research topics, the
optimal placement of the ONU is very important because it leads to cost efficiency and resource
optimization. Various schemes and optimization algorithms have been implemented and compared
to determine the location of the ONU in previous work. In this paper, with the help of linear
programming algorithm, a suitable method in terms of speed and accuracy in order to optimize
network creation costs according to the proposed model is presented. The results confirm that the
proposed method has the best performance in terms of simulation time among the existing
algorithms. It is also competitive with other algorithms in terms of cost savings.
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1. INTRODUCTION

Recently, advances in communication services have seen rapid expansion. This expansion is due
to subscribers' thirst for a variety of services. Customers need services such as video telephony,
TV and radio broadcasting, high speed internet connection, video-based multimedia, fast file
transfer as a peer, high quality online gaming, etc. [1]. Internet technology has become an essential
part of digital life in recent years. Almost all the efforts made such as connecting to a bank account
(mobile bank, bank teller), Facebook and other social networks, Google services, online shopping
can be mentioned [2]. It is very important to note that information and communication technology
(ICT) has a great impact on the economy of human society. Subscribers need global internet and
on the other hand, in order to do their job in the best possible way, they need high bandwidth and
better reliability internet [3]. In terms of speed, more stable connections, and the need for high-
speed Internet, DSL and Wi-Fi subscribers are not able to meet the needs of subscribers. Therefore,
with all these interpretations, the only solution to this conceptual problem called fiber optics will
be the solution. Fiber optics with high bandwidth characteristics and also a very high throughput
will on the other hand provide low attenuation of subscribers' needs. The function of fiber optic
cable is to produce data and information in the form of light according to light technology, which
in turn transmits data and increases information at the same or the same speed of light (the fastest
media introduced). Therefore, this feature will create a large bandwidth capacity for data rates with
very high service speed. The reliability of this medium is the lowest amount of noise that has the
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ability to affect the signal. This technology has become reliable because electromagnetic
interference is not able to affect light. This technology has the basis of optical technology. Which
will connect internet services to the subscriber with the help of fiber optics and its speed. Fiber to
the Home (FTTH) is an architecture available in a variety of forms. In addition, FTTH has a very
flexible technology that can be implemented in any country, but it has many differences that will
be reflected in national policies [4-8]. Fiber to the home supports a variety of locations, which
makes the design and architecture of network infrastructure different depending on the location
and geographical area.

In [9], a solution for simultaneous propagation of optical and radio frequencies on an optical fiber
bond with optical stimulus and dual phase stabilization is proposed and presented experimentally.
Implementing FTTH for network operators is challenging given the large amount of investment,
such as cost of capital (CAPEX) and operating cost (OPEX). The review and classification of
approaches to reduce the cost of FTTH implementation in this work has been done according to a
new classification in [10]. Linear Mixed Integer (MILP) programming is suitable for designing
passive optical networks. However, overstatement times in order to solve large-scale sample
problems make this method impractical. The main purpose is to minimize capital expenditures
related to the implementation of FTTH-OAN, meaning the cost of inactive tools and the cost of
active tools is the cost of site planning and labor required in the network [11]. Article [12] Two
techniques for health monitoring The network is provided by creating an FBG (FBG code)
configuration design to identify error branches. Also, the simulation results have been analyzed
and a suitable technique has been presented by considering several aspects, including economic
and technical aspects. In the article [13] to optimally place several units of optical network (ONU)
in the FiWi network using two recent optimization algorithms called Harris Hawks optimization
(HHO) and locust optimization algorithms (GOA) has been done. The results are then tested
according to the Whale Optimization Algorithm (WOA). The results show the superiority of the
proposed HHO algorithm over the GOA and WOA algorithms and return the lowest value of the
cost function.

In this paper, a method to optimize the ONU location in the FiWi network with the help of linear
programming algorithm is presented. The proposed method is a suitable method in terms of speed
and accuracy in order to optimize the costs of creating a fiber optic network. The proposed method
is able to find the optimal location of fiber optic network equipment in less time than meta-heuristic
algorithms. Also, this method shows good performance in terms of user coverage compared to
other methods. Continued in Section 2 Materials and Methods. In the results section, the proposed
method is given. Section 4 also summarizes the results.

2.MATERIALS AND METHODS

The proposed method includes a method to optimize the location of ONUSs to minimize the cost of
establishing a FiWi network. For this reason, this method includes three stages of system modeling,
selecting the appropriate optimization method and selecting the appropriate objective function for
the optimization algorithm, which we will describe in the following. Block diagram The suggested
method for doing this is given in this section. Which we will describe in the following.

http://ijehss.com/ Page 580




International Journal of Education Humanities and Social Science

Figure 1- Diagram of the proposed method
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The steps of the proposed method are explained below.

A.System model

This section contains the following sections:

A) Network components:
To network modeling, the components of modeling must first be identified and quantified. These

components are shown in Table 4-1.

B. B) Network architecture
This section describes the architecture of the FiWi network. Figure 2 shows an example of a FiWi
network. In this work, since our goal is to find the optimal location of the ONUs, we first create
users with a random distribution in our model. Then, with the help of linear programming, we will
locate the ONUs properly.
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Table 1 Network components
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- Parameter  Symbool  Explanation

Network
size

Number of
users

Number of
ONUs

X

Y3

Total
distance
ONU:

Total
distance

Num user

Num ONU

x_user

y_user

x_ ONU

y_ONU

distance ONU user

d total ONU

d total

Size of the
network map
1000*1000.
The number
of users in
network is
100.
The number
of ONUs in
network is
15.

The x
location of
jth user.
The y
location of
jth user.
The x
location of
ith ONU.
The y
location of
ith ONU.
Distance
between ONU
i and user
3,

Sum of
distance
between ONUi
and all
users
Sum of
distance
between all
ONU and all
users

As shown in Figure 2, the FiWi network is shown within a certain range. The recommended
network architecture includes the following components:
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Figure 2- FiWi network pattern

* Optical Line Terminal
Is a device that acts as the end point of the service provider of an inactive optical network.

e Optical Network Unit

Is a device that provides customer service interfaces to the user.

e Splitter

It is the unit that takes the fiber optic internet network from the OLT and distributes it among
the ONUs.

C) Network assumptions

We have the following assumptions about designing an efficient FiwWi model in the target
network:

e Users are randomly modeled on the map.

e The location of ONUs is determined by linear programming to provide proper Swiss
coverage.
The number of users and the dimensions of the map are determined in advance.
ONUSs have the same coverage (antenna).
Optimizing the location of ONUSs will minimize the cost of setting up a FiWi network.
Optimized ONU positions should be in the search space.
ONU s should not overlap. Common positions of ONUSs have invalid locations.
The grid area is considered square (A x A).

Using a linear programming algorithm to determine the optimal location of ONUs

After modeling the system, we need to select a suitable algorithm to optimize network deployment
costs. In the basic article, the wall optimization algorithm is used to optimize the network. This
algorithm is one of the meta-heuristic algorithms. The most important disadvantage of these
algorithms is their high computational time. For this purpose, we use the linear programming
algorithm in order to achieve our goal of minimizing the cost of network deployment. Because the
use of linear programming reduces computational costs in modeling compared to evolutionary
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algorithms. The linear programming algorithm requires backing up the objective function as well
as setting constraints for implementation. In the following, we will describe them.
e Determine the objective function and constraints
This dissertation is presented to minimize the running time and cost of implementing a FiWi
network with the help of linear programming. Therefore, to determine the objective function, the
following procedure must be performed:
First, the distance (cost) of users from the -i trusted ONU is defined according to the following
equation:

Donyi = Z\[(Xi - xj)z + (Y, — }’j)z (D
=

Which in the above equation:
Xi position x ONU ith
Yi position y ONU ith
xj Position x User jth
yj Position y User jth
Number of ONU users ith
DONUIi is the total distance of ONU ith users from it.
Since linear programming does not have the ability to solve quadratic equations but the distance
is a quadratic equation, we simplified the above equation as follows.

Donyi = Z(Xi —x;)+ (Y, —y;) (2)
=

subjectto X; > x; j=1l..n
It should be noted that due to the omission of power, we consider the above two constraints
for Equation (2).

The distance (cost) of all users from all ONUs is now defined as follows.
Nonu

Diotar = Z DONUi 3)
i=1
In the above relation = NONU is the total number of ONUEs.
Finally, the above function is considered as the final goal function.
cost_function = C = Dyyrai 4)
We also considered the following constraints to optimize the location of ONUS.
1. The location of ONUSs should not be outside the map.

0<X; <Xmax 1=1....Noyy

0<Y; <Vmax i=1....Nonu (5)

2- Do not place ONUs at the border edges of the network map

t1<X; <t2 i=1....Nony

t1<y, <t2 i =1....Nonu (6)

In the above equation, t1 and t2 are two arbitrary thresholds that regulate the distance of the
ONUs from the edge of the map.
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3. RESULTS

In this section, we will model and simulate a fiber optic system and compare its performance with
other tasks. To evaluate the proposed solution, the criteria of calculation time and distance of all
users from ONUs (total cost) will be evaluated, which can be calculated from the following
formula.

Nonu Ni

Deotar = xXi-x)+i-y) O
j=1

i=1

In the above relation, NONU is the total number of ONUSs and Ni is the number of users related to
the 1st ONU.

The cost improvement criterion will also be evaluated according to the following equation.

Acost

COSlimprovement = m X100 (8

In the above formula, Acost is the difference between the cost function (total distance) in the
optimized model and the greedy mode. Total-cost is also a function of the total cost in the greedy
state.

Evaluate the execution time of a linear optimization algorithm for a number of different
ONUs

In this section, we will compare the execution time of the program with increasing the number of
ONUs. Execution times are plotted in the figure below for different numbers of ONUs in the figure
below. As shown in Figure 3, execution time increases exponentially as the number of ONUs
increases. In this experiment, the number of users is fixed and equal to 100.

0 implementation time vs number of ONU
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Figure 3 Execution time of linear optimization algorithm for different number of ONUs

Estimate the total cost (total distance) for the number of different ONUs
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In this section, we compare the total cost with the increase in the number of ONUSs. The total cost
(total distance) in the figure below is plotted for the different number of ONUs in the figure 4. As
shown in Figure 4, the execution time increases with the number of ONUS. In this experiment, the
number of users is fixed and equal to 100.

Evaluate the total improvement for the number of different ONUs
In this section, we compare the total improvement with the increase in the number of ONUs. The

total recovery rate is plotted in the figure below for the different number of ONUSs in the figure
below. As shown in Figure 5, the overall recovery rate increases exponentially as the number of
ONUs increases. In this experiment, the number of users is fixed and equal to 100.

3 X 104 o total cost vs number of ONU
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total cost(total distance)
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number of ONU

Figure 4- Estimation of total cost (total distance) for the number of different ONUs
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35 T T T

a
30

25

20

cost improvment (percent)

. . . . .
0 5 10 15 20 25 30
number of ONU

Figure 5. Evaluation of total improvement for the number of different ONUs
D. Comparing results
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In this section, the estimated time of program implementation and cost improvement will be
evaluated. Table 2 compares the execution time of the program with MFO, WOA and HHO
methods [13-15]. As can be seen, linear programming is not as repetitive as meta-heuristic
algorithms and has a very short execution time. Since the result of the article [13-15] for one
hundred users and three ONUs with map dimensions of 1000 * 1000, the comparison of the
proposed method has been done with the same value. In order to evaluate the results of the
proposed method, the cost improvement criterion is used. The result of this criterion is also shown
in Table 3 and compared with the article [13-15]. These results show the efficiency of the proposed
method compared to other methods. The proposed method has the same performance in terms of
cost improvement as the article [13-15] but has performed much better in terms of implementation
time. It should be noted that the results of the proposed method are the result of averaging the
program 20 times. Because users are created randomly each time the program is run.

Table 2 Comparison of implementation time and cost improvement of the proposed method
and article [13] per 3

Singh [13]

WOA Puja 2019 14.33 399.34
Singh [14]

HHO Puja 2020 15.2 111.48
Singh [15]

linear - 2022 15.2 5.01

program

ming

In this dissertation, the optimization of the position of several ONUs in the FiWi network was
presented. Optimal ONU placement has advantages such as increased throughput, cost efficiency,
efficient load balancing and reduced network overlap. Due to this, the use of linear programming
model has been used. Comprehensive simulation experiments have been performed to analyze
linear programming in optimizing the position of ONUs in the FiWi access network. To this end,
different settings have been tested when users are accidentally online. The simulation results of
the proposed method are compared with the two existing strategies of MFO, WOA and HHO
algorithms. The results confirm that the proposed method has the best performance in terms of
simulation time among the existing algorithms. It is also competitive with other algorithms in terms
of cost savings. Returns the optimal value of the cost function along with the WOA algorithm,
taking into account the analysis based on the percentage reduction of the cost function.
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