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Article Info Abstract

The study investigates the performance of various Transmission
Control Protocol (TCP) congestion control mechanisms—TCP Reno,
TCP NewReno, and TCP Vegas—within wired network
environments using the NS-2 network simulator. The primary
research problem focuses on evaluating the efficiency, stability, and
throughput of these TCP variants in response to network congestion,
with the aim of identifying the most effective protocol for
maintaining high performance under different network conditions.
The methodology involves simulating a wired network environment
in NS-2 and analyzing key performance metrics such as throughput,
packet loss, and congestion window behavior for each TCP variant.
The analysis reveals that TCP NewReno generally offers better
performance compared to TCP Reno in scenarios involving multiple
packet losses due to its improved fast recovery algorithm. TCP
Vegas, on the other hand, demonstrates superior throughput and
lower delays by proactively avoiding congestion through RTT-based
adjustments, making it the most efficient protocol in stable network
conditions. However, TCP NewReno proves more reliable than TCP
Reno in environments with higher packet loss. The findings suggest
that TCP Vegas is well-suited for networks requiring consistent
performance and minimal delay, while TCP NewReno is preferable
in networks where packet loss is a more frequent issue. The study
concludes that TCP Vegas, with its congestion avoidance strategy,
provides the best overall performance, though TCP NewReno
remains a strong contender in more volatile network conditions,
thereby offering a nuanced understanding of TCP protocol efficiency
in wired networks.
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INTRODUCTION

Transmission Control Protocol (TCP) plays a crucial role in ensuring reliable data
transmission across networks, particularly in wired networks where maintaining a consistent
flow of data is vital for effective communication (Grazia, 2019). Over the years, various TCP
variants have been developed to enhance performance in diverse network conditions, each
employing different strategies to manage congestion. Among these, TCP Reno, TCP NewReno,
and TCP Vegas are widely recognized for their unique approaches to congestion control.
Understanding the performance implications of these protocols in wired networks is essential

for optimizing network efficiency and ensuring robust data transmission.

The evolution of TCP has been driven by the need to address specific challenges such as
packet loss, network congestion, and the efficient utilization of available bandwidth (Aung &
Ohsaki, 2023). TCP Reno introduced significant improvements over its predecessor, TCP
Tahoe, by incorporating fast retransmit and fast recovery mechanisms, which reduce the
frequency of complete slow starts. TCP NewReno further refines these mechanisms by
improving the handling of multiple packet losses within a single window of data. On the other
hand, TCP Vegas adopts a fundamentally different approach by focusing on congestion
avoidance through proactive adjustments based on round-trip time (RTT) estimations. This
diverse range of strategies highlights the importance of selecting the appropriate TCP variant

for specific network conditions.

Despite the advancements made by these TCP variants, there remains a need for a
comprehensive analysis of their performance in wired networks, where the nature of congestion
and data flow can differ significantly from wireless or hybrid environments. Previous studies
have often focused on specific aspects of these protocols, such as their response to packet loss
or their throughput under varying conditions. However, there is a gap in the literature when it
comes to directly comparing the performance of TCP Reno, TCP NewReno, and TCP Vegas
within a controlled, wired network environment. This comparison is critical for network
administrators and engineers who must choose the most suitable protocol to optimize network

performance.
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This study aims to address this gap by conducting a detailed performance analysis of TCP
Reno, TCP NewReno, and TCP Vegas using the NS-2 network simulator. By simulating a
wired network environment, the study will evaluate these protocols based on key performance
metrics such as throughput, packet loss, and congestion window behavior. The results of this
analysis will provide valuable insights into the strengths and weaknesses of each protocol,
offering guidance for selecting the most effective TCP variant for specific wired network

scenarios.

LITERATURE REVIEW

The Transmission Control Protocol (TCP) has undergone numerous modifications since
its inception, leading to the development of various versions tailored to address specific
challenges in network communication. TCP Reno, TCP NewReno, and TCP Vegas are among
the most widely studied variants, each introducing unique mechanisms to manage congestion,

maintain throughput, and reduce packet loss in wired network environments.

TCP Reno, an evolution of TCP Tahoe, introduced the fast retransmit and fast recovery
mechanisms, which significantly improved network performance by reducing the need for a
complete retransmission timeout upon detecting packet loss. Jacobson (1988) initially proposed
TCP Reno, focusing on minimizing network congestion by responding quickly to packet loss
events. While TCP Reno's approach significantly enhanced network efficiency, it was later
observed that its performance diminished in scenarios involving multiple packet losses within

a single transmission window, leading to the development of TCP NewReno.

TCP NewReno builds upon the foundations laid by TCP Reno by refining the fast
recovery mechanism, enabling it to handle multiple packet losses more effectively without
resorting to a full slow start. Floyd and Henderson (1999) provided a detailed analysis of TCP
NewReno, highlighting its ability to maintain higher throughput in high-loss environments by
selectively acknowledging successfully received packets. This selective acknowledgment
(SACK) strategy allows TCP NewReno to recover from multiple losses more gracefully,

making it more robust than its predecessor under adverse network conditions.

258



Progress in Computer and Mathematics Journal (PCMJ)
volume 2 [August, 2025]

e-ISSN: 3030-6728

Website: fskmjebat.uitm.edu.my/pcmj

PCMJ

On the other hand, TCP Vegas takes a proactive approach to congestion management,
focusing on congestion avoidance rather than congestion detection and recovery. TCP Vegas,
as proposed by Brakmo and Peterson (1995), uses round-trip time (RTT) measurements to
predict potential congestion before it leads to packet loss. By adjusting the sending rate based
on these predictions, TCP Vegas can maintain a more stable congestion window, resulting in
smoother throughput and lower latency compared to TCP Reno and TCP NewReno. Research
by Ahn et al. (1999) has shown that TCP Vegas generally outperforms other TCP variants in
environments where network conditions are stable, due to its emphasis on congestion

avoidance.

However, despite the advantages of TCP Vegas in stable network conditions, its
performance can be inconsistent in environments with highly variable traffic. This variability
can cause TCP Vegas to underutilize available bandwidth, as its conservative approach may
not fully exploit the network's capacity. Consequently, while TCP Vegas provides superior
performance in specific scenarios, TCP NewReno's balance between throughput and

responsiveness to congestion makes it a more versatile choice in diverse network conditions.

Comparison Between TCP Congestion Control Variants

Table 1 shows the comparison between three TCP congestion control variants. The
comparative analysis of these TCP variants is important to gain deeper insights into their

behavior under various network conditions.

Table 1 The Comparison Between TCP Congestion Control Variants

TCP Objective Situation Congestion Lost Detection Slow Start Complexity
Variants Window Control
Vegas High packet loss, Additive increase, | Delay-based Slow, adaptsto | High, requires
wireless networks multiplicative delay delay
decrease measurement
NewReno General purpose Larger window Loss-based Avoids Moderate
during loss premature
restarts
Reno High-speed, long- Additive increase, | Loss-based Standard slow Moderate
distance networks multiplicative start
decrease
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Comparison Between TCP Congestion Control Techniques

Table 2 shows the comparison between four TCP congestion control techniques. It is

essential to make comparative analysis to understand the trade-offs.

Table 2 The Comparison Between TCP Congestion Control Techniques

TCP Techniques
Focus Action Advantages Disadvantages
Slow Start Window size Increase window size Prevent network Slow initial data
growth slowly overload transfer
Congestion Window size Increase window size Minimizes delays | Can be sensitive to
Avoidance adjustment slightly after network changes
successful
transmissions
Fast Retransmission Resend lost packets Minimizes delay May worsen
Retransmission speed immediately congestion if overused
Fast Recovery Window size Adapt window size Maintains smooth Requires careful
control after based on network data flow after window size
retransmission response recovery adjustments
METHODOLOGY

The wired network topology was designed using NS-2, which is widely recognized for

its ability to simulate various network protocols accurately. The network comprises multiple
nodes connected through a series of routers, with data traffic generated between source and
destination nodes. Each TCP variant (Reno, NewReno, Vegas) was implemented in the
simulation environment, and identical network scenarios were executed for each protocol to
ensure a fair comparison. Figure 1 illustrates the network topologies used in this project. Mesh

topology consists of interconnected nodes allowing multiple paths for data transmission.
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Figure 1 Mesh Topology

Table 3 shows the simulation parameters to conduct this simulation. All other scenarios use
the same simulation parameters except for the changes of the value that are based on the
scenario specifications.

Table 4.1 Simulation Parameters

Parameters Value
Channel Type Wired
Number of nodes 7
Packet Size 1500
Simulation Time 130s
Link Bandwidth 0.1 -1.0 Mbps
Link Delay 100 — 150 ms
Queue Type Droptail
Application FTP
RESULT AND DISCUSSION

This part presents the findings and analysis of the project, focusing on the impact of TCP
congestion control mechanisms in various network scenarios. The results and analysis are
based on five distinct scenarios designed to thoroughly evaluate the performance of TCP in

different network conditions.
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Scenario 1: Network Topology Impact on Network Congestion Performance
In this scenario, three distinct network topologies which are Linear, Star, and Mesh topology
were configured to investigate the performance of TCP congestion control mechanisms under

varying network structures. The Figures illustrate the graph of behavior of three different TCP

congestion control algorithms.
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Figure 2 Cwnd Size and Throughput Over Time on Different Network Topology

Based on Figure 2, the cwnd size for TCP Vegas stabilizes quickly and shows less instability
compared to TCP Reno and TCP NewReno. The cwnd for TCP NewReno fluctuates
significantly but recovers faster from packet losses compared to TCP Reno. The throughput
data for TCP Reno shows fluctuations with some noticeable rises and drops. For networks

requiring stable and consistent throughput, TCP Vegas is recommended due to its proactive

congestion avoidance.

262




Progress in Computer and Mathematics Journal (PCMJ)
volume 2 [August, 2025]
e-ISSN: 3030-6728

Website: fskmjebat.uitm.edu.my/pcmj

TNy o LN P IS TA VY
0 20 40 60 80 100 120 140 0 20 40 60 B0 100 120 140
Time {s) Time (s}

LINEAR TOPOLOGY STAR TOPOLOGY MESH TOPOLOGY

Packet Loss Packat Loss Pocket Loss

g 1sp 4

|
|
’t.“t"" I | L ‘

0 0 40 60 80 100 120 140
time (s)

i}
0 20 40 6 80 100 120 140
[

loy

LINEAR TOPOLOGY STAR TOPOLOGY MESH TOPOLOGY

Figure 3 Latency and Packet Loss Over Time on Different Network Topology

Based on Figure 3, the latency data for TCP Reno shows significant fluctuations with a
frequent rise reaching up. TCP NewReno exhibits similar characteristics to Reno but with
slightly lower latency. TCP Vegas’s latency remains low and stable for the most time, with
fewer and less rise compared to Reno and NewReno. TCP Vegas demonstrates a different
behavior due to its proactive congestion avoidance strategy. The packet loss decreases after the

initial phase and remains low with fewer and less severe rises compared to Reno and NewReno.

Scenario 2: Comparing Single TCP Flow to Multiple TCP Flows

This scenario investigates the performance of TCP congestion control mechanisms by
comparing a single TCP flow to multiple TCP flows. The aim is to understand how different
TCP variants manage varying traffic loads and the resulting congestion. The Figure illustrates

the graph of behavior of three different TCP congestion control algorithms.
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Figure 4 Cwnd, Throughput, Latency, and Packet Loss Over Time on Different TCP Flow

Based on Figure 4, it shows that cwnd size is higher on single flow TCP. In the multiple
flow scenario, TCP Vegas stabilizes at a cwnd size of around 3 packets, while TCP NewReno
and TCP Reno fluctuate between 3 and 4 packets. Throughput is higher on multiple TCP flows.
In the multiple TCP flows scenario, TCP Vegas continues to exhibit stable performance,

maintaining throughput around 0.35 Mbps

Scenario 3: Impact of Bandwidth Variation on TCP Performance
In this scenario, the adaptability of TCP protocols to different bandwidth capacities was
evaluated. By altering the bandwidth from the lowest to the highest levels, the study aimed to

observe how TCP congestion control mechanisms respond to changes in available bandwidth.
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Figure 5 Cwnd and Throughput Over Time on Different Bandwidth
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Figure 6 Latency and Packet Loss Over Time on Different Bandwidth

Based on Figure 5 and 6, TCP Reno and NewReno increase their cwnd sizes as bandwidth
rises, with NewReno showing more stability and control. TCP Vegas maintains a conservative
cwnd, prioritizing low latency and stability over maximizing bandwidth. TCP Vegas shows
minimal drops and quick recovery at lower bandwidths, while TCP NewReno and Reno
fluctuate more but stabilize around 0.30-0.35 Mbps. At mid and higher bandwidth, TCP Reno
achieves relatively low packet loss, TCP Vegas consistently demonstrates the lowest packet
loss. As the bandwidth increases, the packet loss decreases because more capacity for data

transmission.

Scenario 4: Effects of Delay Variation on TCP Performance
This scenario explored the impact of different delays on TCP performance. By adjusting the
delay from the lowest to the highest levels, the study aimed to understand how latency affects

TCP congestion control mechanisms.
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Figure 8 Latency and Packet Loss Over Time on Different Delay

Based on Figure 7 and 8, TCP Vegas, which employs a congestion avoidance strategy,
demonstrates slightly higher cwnd than Reno and NewReno at low delay. As delays increase
to moderate levels (100 - 150 ms), throughput fluctuations rise for all variants, but TCP Vegas
remains more stable. Under high delay conditions (500 - 1500 ms), TCP Vegas maintains lower
latency compared to TCP NewReno and TCP Reno. TCP Vegas manages to maintain relatively

lower packet loss due to its delay-based control mechanisms.
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Scenario 5: Impact of DropTail and Fair Queueing (FQ) Queue Management on Network
Congestion

The final scenario examined how different queue management techniques, specifically
DropTail and Fair Queueing (FQ), affect network congestion and overall performance. The
study aimed to determine how these techniques influence congestion control, packet loss, and

network efficiency
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Figure 9 Cwnd, Throughput, Latency, and Packet Loss Over Time on Different Queue

Based on Figure 9, Fair Queuing (FQ) queue management provides a more consistent
environment for TCP congestion control, enabling TCP NewReno and TCP Reno to reach
higher and steadily increasing congestion window sizes, while TCP Vegas maintains a stable
lower congestion window due to its proactive approach to congestion avoidance. TCP Vegas
maintaining consistently lower latency rise while TCP NewReno and TCP Reno show slightly
higher peaks around 0.08 to 0.09 seconds. In contrast, Droptail leads to a higher latency rise,
with TCP Reno reaching peaks up to 0.14 seconds. FQ results in stable and low packet loss for
all TCP variants, with an initial rise that quickly stabilizes to near zero, showing minimal and

infrequent rise, particularly for TCP Vegas.
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CONCLUSION

The study concludes that the choice of TCP congestion control algorithm should be based
on the specific network conditions. TCP NewReno is a robust choice for networks with
moderate to high bandwidth and low to moderate latency, while TCP Vegas is more suitable
for high-latency networks where proactive congestion control is required. The findings
contribute to the field by providing insights into optimizing TCP performance in wired
networks. Future research could focus on hybrid algorithms that combine the strengths of

different TCP variants to enhance performance further.
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