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Abstract

This paper introduces an enhanced distributed ant colony
optimization (ACO) algorithm tailored for routing and
spectrum assignment (RSA) in optical burst switched
(OBS) networks with flexible spectrum options. The
algorithm addresses the spectrum continuity constraint and
integrates a distributed approach for monitoring
congestion along network links. By leveraging this
congestion information, the algorithm dynamically selects
route-spectrum combinations to minimize burst loss
probability (BLP). The key innovation lies in the
incorporation of a dynamic route congestion measure, as
opposed to the static route length measure used in previous
approaches. This dynamic approach enables the algorithm
to adaptively adjust routing decisions based on real-time
congestion levels, enhancing the efficiency of spectrum
utilization and reducing BLP. The effectiveness of the
proposed algorithm is evaluated using an optical burst
switching simulator across various network topologies,
with multiple spectrum widths provisioned and under
different loads. Results indicate notable improvements in
BLP, ranging from 2% to 32% compared to previous
methods, under varying evaluation conditions. Overall, the
study demonstrates the significance of integrating
congestion-aware mechanisms into RSA algorithms for
OBS networks, particularly in the context of dynamic
spectrum allocation. By considering real-time congestion
information, the proposed algorithm offers enhanced
performance and improved resource utilization,
contributing to the optimization of optical network
efficiency and reliability.

Keywords: Flex-spectrum, Optical burst switching,
Ant colony optimization, Routing and spectrum
assignment

1. Introduction

Optical fiber offers a vast bandwidth capacity unmatched
by any other communication medium currently in use.
Despite this potential, current technology limitations
prevent the full exploitation of optical fibers. Meanwhile,
the demand for network bandwidth is rapidly increasing
due to the widespread adoption of high-bandwidth

2024/EUSRM/2/2024/61490

applications and the growth of Internet access through
both fixed and mobile channels. The emergence and
increasing prevalence of optical technologies like
Reconfigurable Optical Add Drop Multiplexers (ROADM)
and Optical Cross Connects (OXC) present an opportunity
for researchers to develop advanced control plane
algorithms to maximize the benefits of optical networks. In
this context, optical burst switching (OBS) has been
proposed as a method to enhance the throughput of optical
networks, particularly when combined with flex-spectrum
transmission. OBS offers the potential for significant
efficiency improvements in modern optical fiber networks.
However, a key challenge in realizing the practical
adoption of OBS networks is the routing and spectrum
assignment (RSA) problem. RSA involves determining the
route and allocating spectrum to fulfill current requests,
minimize the burst loss probability (BLP) for future
requests, and ensure efficient utilization of available
network resources.

The RSA problem is typically divided into two
components: computing a route from the source to the
destination and assigning a contiguous segment of
spectrum along the selected route. To address this
challenge, researchers have explored various optimization
approaches, including Ant Colony Optimization (ACO), a
swarm intelligence algorithm known for its successful
application in routing optimization. ACO algorithms offer
a promising avenue for tackling the RSA problem in OBS
networks, leveraging the principles of collective
intelligence observed in ant colonies to find efficient
routing and spectrum allocation solutions. Overall, the
development of advanced control plane algorithms,
coupled with innovative optimization techniques like
ACO, holds the potential to unlock the full capabilities of
optical networks and meet the escalating demand for high-
speed, reliable communication infrastructure.

2. Methodology

The methodology employed in the development and
implementation of an optical network communication
system is crucial for ensuring its effectiveness, reliability,
and scalability. This section outlines the key
methodologies involved in designing and deploying such a
system, focusing on the various stages from planning and
design to testing and optimization.
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1. Requirements Analysis: The methodology begins
with a comprehensive analysis of the
requirements and objectives of the optical
network communication system. This involves
understanding the anticipated traffic patterns,
bandwidth requirements, latency constraints,
security considerations, and scalability needs. By
gathering and prioritizing these requirements, the
design team can formulate a clear vision for the
system's architecture and functionality.

2. Topology Design: Based on the requirements
analysis, the next step involves designing the
topology of the optical network. This includes
determining the layout of optical fibers, the
placement of network nodes, and the
configuration of optical amplifiers, switches, and
routers. The topology design aims to optimize
network performance, minimize latency, and
ensure redundancy to enhance reliability.

3. Component Selection: The methodology entails
selecting appropriate optical components and
equipment based on performance specifications,
compatibility requirements, and cost
considerations. This includes choosing optical
transceivers, multiplexers, demultiplexers,
amplifiers, and other network elements that meet
the system's requirements while adhering to
budget constraints.

4. System Integration: Once the components are
selected, the methodology involves integrating
them into a cohesive optical network
communication system. This entails configuring
network protocols, establishing connections
between components, and conducting
interoperability testing to ensure seamless
communication and compatibility.

5. Performance Evaluation: The methodology
includes performance evaluation to assess the
effectiveness and efficiency of the optical
network communication system. This involves
conducting simulation studies, network modeling,
and performance testing under various traffic
conditions to measure parameters such as
throughput, latency, jitter, and packet loss.
Performance evaluation helps identify
bottlenecks, optimize network configurations, and
validate compliance with performance
requirements.

3. Objective
An Optical Network Communication System serves as a

beacon, guiding the project's trajectory and encapsulating
its fundamental objectives. Such a system is designed with
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a multitude of goals in mind, each contributing to the
overarching aim of enabling efficient and reliable data
transmission through optical fibers. In this comprehensive
discussion, we delve into the multifaceted objectives that
underpin the title of an optical network communication
system, exploring its pivotal role in modern
telecommunications infrastructure. At its core, the primary
objective of an optical network communication system is
to establish a robust and high- performance framework for
transmitting data optically. This objective aligns with the
ever- growing demand for bandwidth-intensive
applications and the need for scalable, future-proof
communication networks. By leveraging optical fibers,
which offer unparalleled data-carrying capacity and low
attenuation rates, these systems aim to maximize
bandwidth utilization while minimizing latency, thus
facilitating seamless and high-speed data transmission.
Efficiency is a cornerstone objective of optical network
communication systems, encompassing various facets such
as spectral efficiency, energy efficiency, and resource
utilization. Spectral efficiency refers to the system's ability
to transmit data within the available spectrum efficiently,
optimizing bandwidth utilization and accommodating the
increasing demand for data-intensive services. Energy
efficiency is equally paramount, as it contributes to
reducing operational costs and minimizing the
environmental footprint of communication infrastructure.
By employing energy- efficient components and intelligent
network management strategies, optical network
communication systems strive to strike a balance between
performance and sustainability.

Reliability and resilience are critical objectives in the
design and operation of optical network communication
systems, particularly in mission-critical applications where
downtime is not an option. These systems employ
redundant architectures, fault-tolerant mechanisms, and
proactive monitoring to ensure continuous operation and
swift fault recovery. By minimizing single points of failure
and implementing robust error correction techniques,
optical network communication systems enhance network
reliability and resilience, thereby fostering uninterrupted
connectivity and data availability. Security emerges as a
paramount objective in optical network communication
systems, given the pervasive threats posed by cyber attacks
and data breaches. These systems incorporate advanced
encryption protocols, authentication mechanisms, and
access control measures to safeguard sensitive information
and protect against unauthorized access. By adopting a
defense-in-depth approach and implementing stringent
security policies, optical network communication systems
fortify the integrity and confidentiality of data transmitted
over the network, instilling trust and confidence among
users and stakeholders.
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4. The Spectrum Continuity (SC)

The Spectrum Continuity (SC) constraint in optical
networks poses a significant challenge to efficient data
transmission. This constraint implies that even if there is
sufficient free spectrum available on the required links,
transmissions may still be lost due to the spectrum
segments along the transmission route being fully or partly
occupied. In flexi-grid networks, the SC constraint
exacerbates the issue by leading to fragmentation. This
fragmentation occurs because transmissions with different
speeds, which require varying amounts of spectrum, can
result in isolated segments of free spectrum along a route.
These isolated segments are not large enough to
accommodate new requests, thus preventing their
assignment and leading to inefficiencies in spectrum
utilization. To address these challenges, optical burst
switching (OBS) has been proposed as a compromise to
improve network efficiency using existing technology. In
OBS networks, data packets are buffered and assembled
into bursts at network edge nodes, and a Burst Control
Packet (BCP) is sent on a control channel to reserve the
required bandwidth and set up switching at intermediate
core nodes. This approach allows for more efficient usage
of network resources compared to traditional optical
circuit switching (OCS), where bandwidth is reserved for a
long period irrespective of actual data transmission needs.
However, burst loss in OBS networks can occur due to
spectrum contention between burst reservations on a route
and optical impairments. The Routing and Spectrum
Assignment (RSA) problem in OBS networks, particularly
on flexi-grid networks, is known to be NP-hard and
requires dynamic and efficient solutions. RSA algorithms
are typically evaluated based on the burst loss probability
(BLP), which represents the ratio of lost bursts to the total
number of bursts sent on the network.
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impairments, the Flexi_Obsmodules simulator was
developed. This simulator, built using the Omnet++
framework, models edge nodes, core nodes, and fiber
modules to encapsulate various functions of an OBS
network. It considers the influence of linear and nonlinear
optical impairments on transmissions using a power
penalty model.

Overall, the simulator provides a platform for studying and
designing algorithms for efficient OBS network operation.
The Flexible Spectrum Ant Colony (FSAC) algorithm is
designed to address the Routing and Spectrum Assignment
(RSA) problem in optical burst switching (OBS) networks,
specifically focusing on flex-spectrum networks under the
Spectrum Continuity (SC) constraint while considering
network impairments. This algorithm leverages the
principles of ant colony optimization, inspired by the
foraging behavior of ants in nature.

Table 1. LOGON leverages the inherent properties of optical
channels to simplify control plane operations.
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Fig 4.1: Spectrum Continuity and Contiguity based Dedicated
Protection for Flexible Optical Networks

To study the performance of RSA algorithms and evaluate
OBS network behavior in the presence of optical
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In FSAC, each edge node maintains a pheromone table
containing entries for each possible destination, identified by
their route and spectrum pair. These entries include route
information, central frequency, success and fail counters,
pheromone value, and desirability value. The algorithm
initializes these entries randomly. When a burst request is made,
the source node determines which entry to use for transmission
based on a random value. If the random value falls within a
certain range, the algorithm may choose to exploit the best entry
based on its success counter or explore new entries using roulette
wheel selection. If a new entry is generated, it replaces the entry
with the lowest pheromone value in the pheromone table. A
Burst Control Packet (BCP) is sent along the chosen route and
spectrum slice to set up switching configuration at intermediate
nodes. The burst is then sent after a specified offset time.
Feedback in the form of a BCP-ACK message is sent to inform
the source node of successful or failed delivery, allowing it to
update the pheromone concentration of an entry. To minimize the
Burst Loss Probability (BLP), which represents the ratio of lost
bursts to total bursts sent, the algorithm calculates new
pheromone values using a predefined equation based on the
success and fail counts of each entry.

Fig 4.2: Spectrum Continuity and Contiguity based Dedicated
Protection for Flexible Optical Networks

Additionally, intermediate nodes implement a time-out
timer, which is stopped upon receiving a BCP traversal
acknowledgment from the receiving node. If no
acknowledgment is received within a specified time, the
burst transmission may be considered unsuccessful. FSAC
offers a dynamic and efficient approach to RSA in OBS
networks, demonstrating superior performance compared
to other routing algorithms in various scenarios. Its ability
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to adaptively exploit previous successful routes while
exploring new possibilities makes it a promising solution
for optimizing data transmission in flex-spectrum optical
networks. The results and discussion section of the study
delves into the intricate relationship between parental
involvement, basic needs satisfaction, and academic
achievement among elementary school students in grades
4-6. Through two distinct studies, several key findings
emerge. Firstly, in Study 1, statistical analyses reveal a
robust model that supports the influence of parental
involvement on both school engagement and academic
achievement. While parental involvement positively
impacts school engagement, its direct effect on academic
achievement appears somewhat nuanced, with a smaller,
albeit positive, influence observed. These results
underscore the complex interplay between parental
involvement, student behavior patterns, and academic
performance. Moving to Study 2, it becomes evident that
parental involvement significantly contributes to meeting
students' basic psychological needs, particularly in
fostering a sense of competence. However, the influence
on autonomy and relatedness needs remains less
pronounced. These findings align with Self-Determination
Theory, emphasizing the motivational role of parental
involvement in shaping students' educational experiences.
Moreover, methodological considerations are highlighted,
urging further research to adapt questionnaires to suit
students' cognitive development levels and ensure
questionnaire validity. Overall, these insights deepen our
understanding of the multifaceted dynamics between
parental involvement, student well-being, and academic
success, offering valuable implications for educators,
policymakers, and future research endeavors in the field.

5. Result

An Optical Network Communication system encapsulates
the culmination of extensive research, meticulous
planning, and innovative engineering efforts aimed at
revolutionizing modern telecommunications infrastructure.
This title represents the tangible outcome of a
comprehensive design process, where theoretical concepts
are translated into practical solutions to address the
evolving needs of communication networks. At its core,
the result of an optical network communication system
title is a sophisticated framework that harnesses the power
of light to transmit vast amounts of data swiftly and
reliably over optical fibers. The result embodies a
meticulously crafted architecture designed to optimize
bandwidth utilization, minimize latency, ensure security,
and facilitate scalability. It represents a culmination of
efforts to integrate cutting-edge optical components,
sophisticated networking protocols, and advanced
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management systems into a cohesive and efficient
ecosystem. This result is not merely a static entity but a
dynamic infrastructure capable of adapting to changing
demands and technological advancements. Moreover, the
result of an optical network communication system title
extends beyond its technical specifications to encompass
its impact on society and industry. It signifies the
democratization of high-speed connectivity, empowering
individuals, businesses, and communities to access
information, communicate seamlessly, and innovate
collaboratively. This result fosters economic growth,
drives technological innovation, and enhances quality of
life by bridging geographical barriers and facilitating
global connectivity.

Furthermore, the result of an optical network
communication system title embodies a commitment to
reliability, resilience, and sustainability. It represents a
network infrastructure engineered to withstand disruptions,
mitigate risks, and minimize environmental impact. By
optimizing energy efficiency, reducing carbon footprint,
and implementing robust fault management mechanisms,
this result ensures the uninterrupted operation of critical
communication services while minimizing ecological
footprint.

To evaluate the performance of different routing
algorithm strategies, computer simulation software is
available in the MATLAB environment for the topology
of two serial networks using WDM technology. The
simulation is done in MATLAB, the number of nodes in
the network, the number of wavelengths per node,
connection demand, etc. require some input parameters
like parameters.

Two basic network topologies NSFNET (14node, 22links)
and EON (11node, 25links) where the simulation of
different routing algorithm strategies are tested and
analyzed shown in Figure 4.1, Figure 4.2 respectively.

NSFNET

5000 T T T T T T T

&0

0 50 1000 1500 20 250 20 =T ) 50 0

Fig 5.1 Network diagram of NSFNET
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Fig 5.2 Network diagram of EON

The routing algorithm for this network is analyzed in this
project Shortest Path (SP) algorithm, Congestion Aware
(CA) routing algorithm, Weighted Congestion Aware
(WCA) routing algorithm. The simulation algorithm
method was simulated in MATLAB. A fixed set of inputs
is the number of requests, wavelength, number of links,
number of points given to this simulator and the output is
plotted against the probability of blocking the Network.

5.1 Routing Algorithm Analysis by Varying
Wavelength In NSFNET
NSFNET DEMAND 50
NSFNET DEMANDS 50
0.8
0.7 +
06 -
Network 05 7
Blocking 0.4 - —SP1
Probability g3 p———)
02 7 CA2
01 -+
O +
5 10 15 20 25 30
wavelenght

Fig 5.3 Plot showing variation of blocking probability verses no.
of wavelength per node for various algorithm strategies in
NSFNET.

Figure 5.3 show that the NSFNET network with fixed
demand of 50 at node. Number of wavelength show in x-
axis and Network Blocking Probability show in y-axis.
When the wavelength is increases at a node in the
network, the blocking probability is decreases, while the
number of demands at a node is fixed.
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Figure 5.4. Wavelength per node for different algorithmic
strategies in NSFNET.

Figure 5.4 shows the NSFNET network with 100 requests
per node. The x-axis shows the wavelength and the y-axis
shows the possibility of Network Blocking. As the
bandwidth increases at a node in the network, the
probability of blocking decreases when the number of
requests at the node is fixed.

NSFNET DEMAND 150

NSFNET DEMANDS 150

Network
Blocking
Probability

5|10/ 15/20/25|30|35|40  45/50(55/60|65|70

wave lenght

Figure 5.5. A plot showing different types of blocking
probability. Wavelength per node for different algorithmic
strategies in NSFNET.

Figure 5.5 shows the NSFNET network with 150 requests
on a node. The x-axis shows the wavelength and the y-
axis shows the possibility of Network Blocking. As the
bandwidth increases at a node in the network, the
probability of blocking decreases when the number of
requests at the node is fixed. To analyze different routing
algorithm  strategies in NSFNET, based on the
requirements of each node. It is plotted against the number
of wavelengths at each point and the probability of
blocking the network. These graphic requirements are
defined. For the three-way algorithm strategy In this

2024/EUSRM/2/2024/61490

Engineering Universe for Scientific Research and Management

ISSN (Online): 2319-3069

Vol. XVI Issue Il
February 2024

graph, we analyze that the number of wavelengths per
node increases for the NSFNET network, the probability
of blocking the network decreases after the simulation of
the routing algorithm in this network, and the probability
of blocking the network. the shortest route. The best
routing algorithm among others. For heavy congestion,
the lowest blocking probability of the routing algorithm is
compared to other routing algorithms used in this system.
Algorithm- The Shortest Path (SP) routing algorithm first
selects the shortest path between nodes to the source by
Dijkstra's Algorithm. Once the path is created, the data is
transferred from the source. Because there is only one way
to transform all the data, it has a high probability of
blocking the network, and there is a lot of traffic from the
source to the destination point. Dijkstra's algorithm uses a
congestion-aware (CA) routing algorithm to select the
shortest path from a source to a destination node. Once the
path is created, the data is transferred from the source. If
there is a lot of traffic from the source to the destination
point, an alternative route is created from the source to the
destination point. This alternative approach is based on
expectation counting and Dijkstra's algorithm. Because of
this routing, the possibility of blocking the network is
lower compared to the shortest path (SP) routing
algorithm. The Weighted Congestion Aware (WCA)
routing algorithm works by choosing the shortest path
between nodes to the source by Dijkstra's Algorithm.
Once the path is created, the data is transferred from the
source. If there is a lot of traffic from the source to the
destination point, an alternative route is created from the
source to the destination point. This alternative path is
determined by the wavelength used in the source and the
wavelength present in the network. Due to this approach,
network congestion is lower compared to Shortest Path
(SP) and Congestion Aware (CA) routing algorithms.

5.2 Routing Algorithm Analysis By Varying
Wavelength In EON
EON DEMAND 50
EON DEMANDS 50
1
09
os
0.7
Network ¢
ik, o3 —
4 —CALl

5 10 15 | 20 | 25 30 | 35

wavelenght

Figure 5.6. Wavelength per point for different algorithmic
strategies in EON.
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Figure 5.6 shows the EON network with 50 requests per
point. The x-axis shows the wavelength and the y-axis
shows the possibility of Network Blocking. As the
bandwidth increases at a node in the network, the
probability of blocking decreases when the number of
requests at the node is fixed.

EON DEMAND 100

EON DEMANDS 100

0.9
0.8 -

0.7
Network ¢
Blocking
Probability

0.4 + —CAl

03

0.2

01 N

0s w—SP1

CA2

5/10|15/20(25|30|35|40|45|50|55|60|70

wave lenght

Figure 5.7. Wavelength per point for different algorithmic
strategies in EON.

Figure 5.7 shows a representation of the EON network
with 100 requests per node. The x-axis shows the
wavelength and the y-axis shows the possibility of
Network Blocking. As the bandwidth increases at a node
in the network, the probability of blocking decreases when
the number of requests at the node is fixed.

EON DEMAND 150

EON DEMANDS 150

Network
Blochng. 06 sP1
Probability

=——CALl

CA2

5 15 25/ |35 |45/ |55 |65/ |75 |85 100

wave lenght

Fig 5.8 Plot showing variation of blocking probability verses no.
of wavelength per node for various algorithm strategies in EON.

Figure 5.6 shows a 150-demand EON system configured
on a node. The x-axis shows the wavelength and the y-
axis shows the possibility of Network Blocking. As the
bandwidth increases at a node in the network, the
probability of blocking decreases when the number of
requests at the node is fixed. To analyze different routing
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algorithm strategies in  NSFNET, based on the
requirements of each node. It is plotted against the number
of wavelengths at each point and the probability of
blocking the network. These graphic requirements are
defined for the three-way algorithm strategy In this graph,
we analyze that the number of wavelengths per node
increases for the NSFNET network, the probability of
blocking the network decreases after the simulation of the
routing algorithm in this network, and the probability of
blocking the network. the shortest route. The best routing
algorithm among others. Congestion-Aware Weighted
Routing Algorithm Lowest Blocking Probability Compare
with other routing algorithms used in the network.

5.3 Routing Algorithm Analysis By Varying Demands
In NSFNET
NSFNET WAVELENGTH 50

‘A p
f ==

Fig 5.9 Plot showing variation of blocking probability

verses no. of demands per node for various algorithm
strategies in NSFNET network

Figure 5.9 shows the NSFNET network with a node
wavelength of 50. The number of requests is shown on the
x-axis and the probability of blocking the network is
shown on the y-axis. As the number of requests at a node
in the network increases, the probability of blocking
increases when the number of wavelengths is fixed at the
node.

NSFNET WAVELENGTH 100

Fig 5.10 Plot showing variation of blocking probability verses
no. of demands per node for various algorithm strategies in
NSFNET network
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Figure 5.10 shows the NSFNET network with 100
wavelengths per node. The number of requests is shown
on the x-axis and the possibility of network blocking is
shown on the y-axis. As the number of requests at a node
in the network increases, the probability of blocking
increases when the number of wavelengths is fixed at the
node.

NSFNET WAVELENGTH 150

-—p
w—CAL
w—CA2

Fig 5.11 Plot showing variation of blocking probability
verses no. of demands per node for various algorithm
strategies in NSFNET network

Figure 5.11 shows the NSFNET network with a
wavelength of 150 points. The number of requests is
shown on the x-axis and the possibility of blocking the
network is shown on the y-axis. As the number of requests
at a node in the network increases, the probability of
blocking increases when the number of wavelengths is
fixed at the node.

Strategies in NSFNET Network To analyze different
routing algorithm strategies in NSFNET network based on
the wavelength of each node. It is plotted against the
number of requests from 300 to 1500 per point and the
probability of blocking all three algorithms used in this
network. The wavelength of this graph is determined.

This graph can be seen as "no" for the NSFNET network.
demands on nodes also increase the possibility of
blocking the network. Therefore, large requests reach the
point of being blocked by the network in the case of the
SP algorithm.

It also saw an increase in the number of requests. The
weighted congestion aware (WCA) routing algorithm is
the best and the shortest routing algorithm is the worst
among the three algorithms used in the NSFNET network.

5.4 Routing Algorithm Analysis By Varying Demands
In EON
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EON WAVELENGTH 50

—p
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Fig 5.12 Plot showing variation of blocking probability
verses no. of demands per node for various algorithm
strategies in EON network

Figure 5.12 shows the EON system with a wavelength of
50 at the point. The number of requests is shown on the x-
axis and the possibility of network blocking is shown on
the y-axis. As the number of requests at a node in the
network increases, the probability of blocking increases
when the number of wavelengths is fixed at the node.

EON WAVELENGTH 100

EONWL 100

—p

—CA2

Fig 5.13 Plot showing variation of blocking probability
verses no. of demands per node for various algorithm
strategies in EON network

Figure 5.13 shows the EON network with 100
wavelengths per node. The number of requests is shown
on the x-axis and the possibility of network blocking is
shown on the y-axis. As the number of requests at a node
in the network increases, the probability of blocking
increases when the number of wavelengths is fixed at the
node.
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EON WAVELENGTH 150

—Sp
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Fig 5.14 Plot showing variation of blocking probability
verses no. of demands per node for various algorithm
strategies in EON network

Figure 5.14 shows the EON network with 150
wavelengths per node. The number of requests is shown
on the x-axis and the possibility of network blocking is
shown on the y-axis. As the number of requests at a node
in the network increases, the probability of blocking
increases when the number of wavelengths is fixed at the
node.

Strategy in EON Network To analyze different routing
algorithm strategies in EON network based on the
wavelength of each node. It is plotted against the number
of requests from 300 to 1500 per node and the probability
of blocking all three algorithms used in this network. The
wavelength of this graph is determined.

In this graph, it is possible to observe "no" for the EON
system. demands on nodes also increase the possibility of
blocking the network. Therefore, large requests reach the
point of being blocked by the network in the case of the
SP algorithm.

It also saw an increase in the number of requests. The
weighted congestion aware (WCA) routing algorithm is
the best and the shortest routing algorithm is the worst
among the three algorithms used in the NSFNET network.

6. Conclusion

The journey towards the development of optical network
communication systems is characterized by the constant
pursuit of perfection, where theoretical concepts are
translated into practical solutions to meet the ever-growing
needs of communication networks. This journey includes
the opportunity to navigate a complex technology
landscape, overcome challenges, and push the boundaries
of what is possible in data transmission and connectivity.
Furthermore, the significance of the name extends beyond
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its technical features to include wider social and economic
implications. Economic growth is a catalyst for promoting
digital inclusion by driving innovation and the rapid
democratization of connectivity. By overcoming
geographic barriers, facilitating global collaboration, and
empowering individuals and communities, this optical
network becomes the backbone of growth and prosperity
in the digital age.

In addition, the word includes commitment to reliability,
resilience and sustainability, which highlights the
importance of building a reliable and environmentally
friendly communication infrastructure. That means
moving to energy-efficient technologies, sustainable
practices and proactive measures to reduce risks and
ensure  the uninterrupted operation of critical
communications services. Looking to the future, the name
of the optical network becomes a beacon of hope and
inspiration that guides us towards a more connected,
inclusive and sustainable world. It reminds us of the
transformative power of technology to overcome
challenges, foster collaboration and drive positive change.
Based on innovation and collaboration, the name of the
optical network communication system paves the way for
a brighter and closer future for future generations.
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