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Abstract

The rapid evolution of networking technologies has introduced significant advances with the adoption of Gigabit Passive Optical
Networks (GPON) and traditional Ethernet switch networks. GPON, a fiber-optic technology, provides high-speed, cost-effective solutions
for large-scale deployments like residential broadband and smart cities. This paper presents a comparative analysis of GPON and traditional
Ethernet switch networks, examining network architecture, performance, scalability, cost-effectiveness, and application suitability. Through
mathematical modeling, this study examines trade-offs between the technologies in terms of throughput, delay, and network efficiency. While
GPON excels in large-scale, cost-effective deployments with passive components, traditional Ethernet switches offer reliable, dedicated
bandwidth for performance-sensitive applications. The findings provide insights for network administrators and decision-makers, helping
them select appropriate technology based on specific use cases like residential broadband, enterprise networks, and data centers.
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1. Introduction

The need for fast internet and reliable networks has risen substantially over twenty years. Data-intensive applications like video
streaming, cloud computing, and IoT have exposed the limitations of copper networks. Fibre-optic technologies like Gigabit Passive Optical
Networks (GPON) offer scalable, high-speed connectivity over distances. GPON uses passive optical components to provide high bandwidth
while reducing costs, making it suitable for urban and rural broadband. GPON operates on a point-to-multipoint framework, where multiple
users share a single optical fibre, which is effective for FTTH, smart cities, and 5G networks [1]. However, GPON has limitations in high-
data environments, like data centres, where Ethernet switch networks provide better dedicated bandwidth and performance [2]. Ethernet, the
most used networking technology, has evolved to meet the rising performance needs of modern applications. Conventional Ethernet switch
networks use active components like switches and routers that manage data flow using MAC addresses [3]. These networks provide reliable
performance, making them suitable for high throughput, low latency, and secure communication, such as in data centres, financial institutions,
and high-performance computing environments [4]. However, conventional Ethernet switch networks require considerable power and
maintenance and incur higher infrastructure costs when scaled to meet data demands [5]. Cloud computing and IoT devices require networks
capable of handling high data traffic with scalability. Smart homes, enterprise backhaul, and residential broadband services, where cost-
effectiveness is crucial, have utilised GPON. GPON's high bandwidth and low maintenance due to passive components make it appealing
for budget-conscious deployments [6]. Ethernet switches remain prevalent in enterprise settings where uninterrupted connectivity is essential.
Both technologies must advance to meet the requirements of future applications, including 5G, Al, and virtual reality [7]. Both technologies
have pros and cons regarding cost, scalability, and performance. GPON networks share bandwidth among users, causing potential slowdowns
during peak times [8]. Ethernet switches provide dedicated bandwidth, maintaining steady performance during heavy traffic, but cost more
to operate. Software-Defined Networking (SDN) and Network Function Virtualization (NFV) are becoming popular in both technologies,
offering ways to automate and manage networks [9]. This paper compares GPON and traditional Ethernet switch networks by examining
network design, performance, costs, and scalability. We aim to help network designers, administrators, and decision-makers select appropriate
network solutions for home internet, smart cities, and business networks. The paper provides insights into these networking technologies'
strengths and weaknesses for current and future communication needs.

2. Overview of GPON Technology

GPON is a fibre-optic technology that delivers high-speed internet, voice, and video services over optical fibres. It uses point-to-
multipoint architecture, connecting an Optical Line Terminal to multiple Optical Network Units through passive optical splitters. This design
reduces active components while minimising power consumption and cost. GPON supports 2.5 Gbps downstream and 1.25 Gbps upstream
speeds for bandwidth-intensive applications [10]. XGS-PON and NG-PON represent next-generation technology, offering 10 Gbps speeds
with wavelength division multiplexing (WDM) [11]. GPON effectively delivers fibre-to-the-home services in urban and rural areas, providing
cost-effective broadband access where traditional copper infrastructure is costly [12]. GPON serves enterprise networks and smart city
applications requiring large-scale broadband deployment. Its passive nature makes it suitable for long-distance connectivity [13], while
supporting 5G backhaul networks by providing high-capacity links for cells and base stations. Research on GPON's future focuses on
improving scalability, reliability, and flexibility. Next-generation passive optical networks and WDM integration enable multiple wavelengths
for data transmission, increasing capacity [8]. Research enhances GPON security protocols against cyber threats. As 5G and IoT grow,
GPON's role in providing backhaul solutions becomes critical for modern networks [14].

GPON technology has evolved to meet demands for higher bandwidth, scalability, and network flexibility. A key advancement is XGS-

PON and NG-PON2 [11]. These technologies offer symmetric speeds of 10 Gbps, improving upon GPON's 2.5 Gbps downstream and 1.25
Gbps upstream capabilities. XGS-PON is crucial for applications requiring symmetrical connectivity, such as cloud computing and industrial
IoT [15].
WDM integration in NG-PON enables multiple data streams at different wavelengths over a single fibre, increasing bandwidth without
additional fibre deployment. This enhancement improves network scalability for supporting increased data demands in next-generation
networks, particularly 5G backhaul. GPON has become crucial for smart city infrastructures, enabling networks for smart grids, surveillance,
and traffic management [16]. The integration of Software-Defined Networking (SDN) and Network Function Virtualisation (NFV) marks a
key evolution. SDN and NFV enable dynamic resource allocation and automated management. SDN provides centralised control for real-
time adjustments, while NFV virtualises network functions, improving scalability and cost-effectiveness. These technologies optimise GPON
deployment while enhancing fault tolerance [17]. Research in GPON focuses on improving security, energy efficiency, and integration with
5G and IoT. GPON serves as a solution for 5G backhaul networks requiring high-capacity connectivity. Research enhances security protocols
against unauthorised access. Combining multi-gigabit Ethernet with GPON enables faster interconnection between optical and copper
networks. Ongoing research optimises GPON's performance to meet bandwidth demands [14].
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Figure 1: Illustrates the architecture of (a) a GPON network and (b) a traditional switch network. [18]

4. Comparative Analysis

When comparing GPON and Ethernet switch networks, key factors include performance and cost-effectiveness. GPON uses shared
bandwidth, which can degrade as users increase. Ethernet networks provide dedicated bandwidth per port, ensuring consistent performance
under high loads. This makes Ethernet ideal for low-latency applications like financial trading and data centres [12]. In high-throughput
environments, Ethernet outperforms GPON due to non-shared bandwidth. GPON is highly cost-effective for residential broadband and smart
city deployments due to lower operational expenses and minimal maintenance. Passive optical splitters reduce active components, lowering
energy consumption and maintenance expenses [19]. GPON networks are scalable for large-scale urban and rural deployments, though initial
fibre-optic installation costs exceed traditional copper Ethernet in areas lacking infrastructure. Ethernet switches, while suitable for small
networks, become costly at scale, requiring more active components that increase both capex and opex [20]. GPON is useful when many
users need internet over large areas. On fibre-to-home networks, GPON delivers fast Internet to homes using a point-to-multipoint setup.
This method needs less infrastructure than traditional Ethernet networks, which use point-to-point connections [21]. GPON is beneficial for
smart cities that need wide coverage. Ethernet is better for businesses because it offers more flexibility and low delay for important tasks,
but it needs more complex infrastructure. Research in network automation, software-defined networking (SDN), and network function
virtualisation (NFV) has improved both GPON and Ethernet networks. SDN allows centralised network control, making it easier to adjust
traffic flow, which improves network performance and efficiency [22].

5. Performance
5.1. GPON vs Gigabit Ethernet (64 users)

Below is Figure 2 to describe the performance of both technologies in terms of the throughput and delay for GPON 2.5 Gbps and switch
Gigabit Ethernet (1 Gbps).
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Figure 2. Throughput and delay versus number of users.

Figure 2 compares the GPON and Ethernet switch networks' throughput and delay as users increase. GPON uses shared bandwidth,
decreasing it per user as network users grow. When 64 users are present, the GPON throughput decreases due to the distribution of 2.5 Gbps
downstream bandwidth among them. Downstream bandwidth divided among users. Ethernet switch networks provide dedicated 1 Gbps
throughput per port, ensuring stable performance regardless of users and improving it for enterprise networks. GPON and Ethernet show
constant delays because of different factors. GPON's delay is caused by the propagation and transmission of fibre optics, which remains
consistent even as the number of users increases; however, shared bandwidth can lead to queueing delays. The propagation and transmission
of fibre optics remain consistent even as the number of users increases; however, optics propagation and transmission stay consistent with
user increases, though shared bandwidth can create queueing delays. Ethernet switches maintain consistent delays through dedicated
bandwidth and full-duplex capability. While both technologies meet delay requirements, Ethernet performs better for low-latency
applications.

5.2. GPON, XG-PON, XGS-PON and Ethernet (1 Gbps and 10 Gbps) — Server Room Scenario

In this scenario, each user or port has a dedicated link that provides a specific link speed for all users. The following data represents the
results for 62 users.
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Figure 3. Throughput (Downstream and Upstream) for GPON and Ethernet.

Figure 3 illustrates that the throughput performance of GPON (Gigabit Passive Optical Network) decreases as the user count increases.
GPON (Gigabit Passive Optical Network) throughput performance decreases with increasing user count. This pattern indicates that user load
influences GPON performance, exposing its limited scalability at higher user densities. Switch Ethernet provides consistent performance per
user across both 1 Gbps and 10 Gbps technologies, even as the number of users increases. A flat throughput curve indicates that switched
Ethernet can efficiently handle a growing number of users without significantly reducing performance.

5.3. GPON, XG-PON, XGS-PON, and Ethernet (1 Gbps and 10 Gbps) — Server Room Scenario

In a scenario where access is to a single point, such as Internet access, the bandwidth is shared among users, as with GPON. Figure 4
below shows a comparison of user bandwidth.
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Figure 4. Throughput (Downstream and Upstream) for GPON and Ethernet per link for Internet Access Scenario.

Figure 4 compares the downstream throughput between GPON and Ethernet in Internet Access. With GPON, throughput decreases as
more users share the 2.5 Gbps downstream bandwidth. This behaviour contrasts with Ethernet, where each user has dedicated bandwidth. In
Ethernet (1 Gbps and 10 Gbps), throughput remains constant with no bandwidth sharing. Ethernet's ability to maintain high-speed access
makes it more reliable for applications requiring consistent connections, like video streaming. GPON shows declining upstream performance
as users increase, with its 1.25 Gbps bandwidth split among users. Ethernet provides dedicated bandwidth per user, with both 1G and 10G
maintaining constant throughput.
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Figure 5. Comparison of GPON, XGS-PON, and 10G-PON employing a 32-channel splitter and Gigabit Switched Ethernet for a
server room scenario.
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Based on Figure 5, GPON shows throughput up to 2.5 Gbps, with performance varying by users' sharing bandwidth. XGS-PON shows
higher throughput up to 10 Gbps, making it suitable for higher bandwidth needs. 10 G-PON demonstrates throughput up to 10 Gbps, showing
better performance in certain scenarios. Gigabit Switched Downstream maintains 1 Gbps per connection as a dedicated link. For upstream
comparison, GPON offers up to 1.25 Gbps shared throughput, which can cause congestion at peak times. XGS-PON and 10 G-PON provide
up to 10 Gbps upstream throughput, suited for symmetric bandwidth applications like video conferencing. Gigabit Switched Upstream shows
a consistent 1 Gbps per connection, providing dedicated bandwidth.
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Figure 6. Comparison of GPON, XGS-PON, and 10G-PON employing a 32-channel splitter and Gigabit Switched Ethernet for
accessing the Internet from a single point.

In Figure 6, Ethernet shares one Internet access point. Comparing GPON, XGS-PON, 10G-PON, and Shared Ethernet Switched networks
reveal key performance differences. GPON (2.5 Gbps downstream, 1.25 Gbps upstream) is cost-effective but faces congestion with more
users. XGS-PON and 10 G-PON, with 10 Gbps downstream and upstream, provide higher throughput for high-density environments. Shared
switched networks deliver dedicated bandwidth but may face bottlenecks during peak usage. User count affects each technology's
performance. GPON shows reduced throughput with increased users, while XGS-PON and 10G-PON maintain better performance.

6. Cost Comparison Between GPON and Ethernet Technology

The first costs of setting up GPON are high because it needs a lot of money for fibre-optic infrastructure, including expenses for things
like optical line terminals (OLTs), optical network units (ONUs), and passive optical splitters [30]. Installing fibre-optic cables is more
expensive than using traditional copper cables for Ethernet networks [31]. However, GPON's point-to-multipoint design helps lower the total
amount of cabling needed. Ethernet networks rely on copper cables (such as Cat5e or Cat6) or fibre optics, based on required distance and
bandwidth [23]. Initial setup costs for Ethernet infrastructure, including switches and cabling, are lower compared to GPON, particularly for
smaller networks [24]. However, as networks grow, Ethernet needs additional active equipment like switches, increasing maintenance and
operational expenses [23]. While Ethernet is more affordable initially, the need for more hardware to scale can drive up costs over time.

An operation and maintenance cost for GPON benefits from lower operational expenses due to passive components like splitters, which
need no power or active management [25]. These passive elements reduce oversight needs and enable simpler maintenance. GPON's reduced
reliance on active devices leads to lower energy consumption versus Ethernet networks [24]. The passive components are less prone to
failure, reducing costly repairs and interventions [24]. Ethernet networks incur higher operational expenses due to active switches requiring
continuous power and maintenance [26]. Network expansion necessitates the addition of more switches, leading to an increase in power
consumption and operational expenses. The active equipment results in frequent troubleshooting and maintenance, adding to the operational
burden. While Ethernet offers flexibility, its active components lead to higher energy demands and maintenance requirements as networks
Srow.

6.1. Summary of Cost Comparison

GPON is a more cost-effective solution for large-scale deployments and areas that require high bandwidth over long distances, thanks to
its passive architecture, which helps lower both operational and maintenance expenses [17][25]. This makes GPON a more economical long-
term investment. On the other hand, while Ethernet is initially more affordable for small-scale deployments, it becomes increasingly
expensive as the network grows, primarily due to the need for active equipment and higher operational expenses [27].

Table 1: Use Case Comparison.

Use Case GPON Suitability Traditional Switch Suitability
Residential Broadband High Low

Enterprise Network Medium High

Data Centers Low High

Smart Cities High Medium

6.2. Advantages and Disadvantages

Table 2: Summarises the pros and cons of GPON and traditional switches.

Technology Advantages Disadvantages
GPON High bandwidth, long reach, minimal | Shared bandwidth, higher initial
maintenance, cost-effective for large-scale | cost, limited flexibility
deployments
Traditional Dedicated bandwidth, low latency, and flexibility | Higher operational costs, limited
Switches for high-performance needs distance, complex scalability

7. Conclusion

This paper compares the features and applications of GPON and traditional switch networks. GPON suits large, cost-effective
deployments, like residential broadband and smart cities, whereas traditional switches are better for data centres and enterprise networks.
The analysis shows GPON provides cost-effective shared bandwidth but has higher delays under heavy load, making it suitable for residential
applications. Traditional Ethernet switches, with their dedicated bandwidth and low latency, suit high-performance environments, like data
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centres. Network designers can use these insights to select appropriate technology based on bandwidth needs, distance, scalability, and
budget.
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