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Abstract. This study examines how variations in Maximum Transmission Unit
(MTU) affect network performance in a Software-Defined Networking (SDN)
architecture using the Ryu controller, Mininet, and Open vSwitch. Experiments
were conducted in a virtualized Ubuntu 18.04 environment with four MTU
settings 500, 1000, 1500, and 2000 bytes and performance was evaluated
through repeated measurements of Round Trip Time (RTT), throughput, jitter,
and packet loss. All scenarios produced 0% packet loss, enabling focused
analysis on latency, efficiency, and temporal stability. The results indicate that
MTU size has a non-linear influence on SDN behavior. The 1000-byte MTU
yielded the lowest RTT (10.9 ms), while larger and smaller values introduced
higher delay. Throughput peaked at 1500 bytes (11.4 Mbps) but declined
sharply at 2000 bytes, reflecting inefficiencies in processing oversized packets.
Jitter showed a distinct pattern, remaining low at 500 bytes, increasing at mid-
range MTUs, and decreasing again at 2000 bytes, suggesting sensitivity to
internal buffering and queue dynamics. Overall, MTU values between 1000 and
1500 bytes offer the most balanced performance across latency, throughput,
and jitter. These findings highlight the need for careful MTU selection to
optimize the operational stability and efficiency of SDN-based networks.

1. INTRODUCTION

characteristics by
overhead and

increasing  processing

Software-Defined Networking (SDN)
has evolved from device-centric network
management toward a logically centralized and
programmable control paradigm that separates
control-plane intelligence from data-plane
forwarding functions [1]. This architectural
transformation enables improved flexibility,
scalability, and policy management, while
simultaneously introducing new performance
challenges related to controller design and
system integration [2]. Empirical studies have
demonstrated that SDN architectures exhibit
distinctive trade-offs in throughput, latency,
and responsiveness that are not readily inferred
from functional specifications alone [3].

The integration of  security-oriented
mechanisms, including blockchain-assisted
frameworks and cryptographic coordination,
further ~ complicates SDN  performance

212

signaling complexity [4].
Comparative evaluations of major SDN
controllers indicate substantial variations in
resource utilization and flow-processing
efficiency, although many of these studies
remain limited to emulated environments [5].
Consequently, the operational behavior of SDN
systems under diverse configuration parameters
remains insufficiently characterized. From a
forwarding perspective, packet-level attributes
such as Maximum Transmission Unit (MTU)
play a critical role in shaping end-to-end
performance. Foundational research on end-to-
end delay guarantees highlights the importance
of configuration-level parameters in achieving
predictable latency behavior [15]. Similarly,
early analyses of OpenFlow-based switching
reveal persistent limitations in software-based
forwarding related to packet handling and flow
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scalability [20]. These findings indicate that
configuration tuning remains an essential aspect
of SDN optimization. Despite extensive
research on controller architectures and
forwarding mechanisms, limited attention has
been devoted to isolating the influence of MTU
variation within SDN environments,
particularly in Python-based controllers such as
Ryu. Existing studies either analyze MTU in
conventional networking contexts or evaluate
SDN performance without treating MTU as a
primary experimental variable. As a result, the
empirical  relationship  between  MTU
configuration and multi-dimensional
performance metrics remains inadequately
understood.  Although research on the
performance optimization of Software-Defined
Networking (SDN) has continued to grow, a
clear research gap remains in the explicit
evaluation of Maximum Transmission Unit
(MTU) as a primary experimental variable
within SDN environments. Most previous
studies have mainly focused on controller
architectures, security mechanisms, or routing
strategies, while MTU has generally been
treated as a supporting parameter rather than the
central object of analysis.

In addition, studies addressing MTU
have mostly been conducted in conventional or
hardware-based networks, where increasing
packet size is often associated with improved
transmission efficiency and throughput under
certain conditions. SDN, however, exhibits
different characteristics due to its additional
abstraction layer, controller—switch
communication, and software-based packet
processing, all of which may alter the impact of
MTU on network performance. Accordingly,
the results of this study reveal a non-linear
pattern, in which MTU influences not only
throughput but also RTT and jitter differently
across configurations. This finding suggests
that the effect of MTU in SDN cannot simply
be assumed to follow the same behavior
observed in conventional networks, thereby
requiring a more specific and empirical
investigation. The novelty of this study lies in
treating MTU variation as the main
experimental variable and in providing a multi-
metric evaluation that directly compares its
effect on latency, throughput, jitter, and packet
loss in a Ryu- and Mininet-based SDN
environment.

213

This study addresses this gap by
systematically investigating the impact of MTU
settings on latency, throughput, jitter, and
packet loss in a Ryu-controlled SDN
environment implemented using Mininet and
Open vSwitch. The objective is to establish
empirical evidence that supports optimal MTU
configuration and enhances performance
predictability in software-defined networks.
The experimental topology employed in this
study consists of a single controller, one Open
vSwitch instance, and two end hosts. While
such a configuration may appear simplified
compared to production-scale SDN
deployments, it is intentionally adopted to
establish a controlled and analytically tractable
environment. The primary objective of this
work is not to emulate large-scale network
behavior, but rather to isolate and examine the
direct impact of MTU variation on fundamental
performance metrics without interference from
confounding variables such as inter-switch
routing,  control-plane  distribution,  or
heterogeneous traffic interactions. By limiting
the topology to its minimal functional
components, the study ensures that observed
performance variations can be attributed
predominantly to MTU configuration rather
than to architectural complexity. This approach
is consistent with experimental practices in
parameter-focused SDN evaluation.

Nevertheless, real-world SDN
deployments typically involve multi-switch
architectures and concurrent traffic flows.
These aspects are not captured in the present
setup; therefore, the findings should be
interpreted as baseline insights. Future work
will extend the experimental design to more
complex topologies to evaluate scalability and
consistency under realistic conditions

2. LITERATURE REVIEW
Previous studies have emphasized the

importance of MTU configuration in
determining  network  efficiency, CPU
utilization, and  operational  stability.

Demonstrated that MTU variation significantly
affects bonding-mode  performance and
throughput scalability [6]. In wireless and
sensor-based networks, interactions between
packet fragmentation and energy consumption
have also been reported [7]. Measurement-
oriented research has introduced MTU-aware
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bandwidth estimation techniques that improve
accuracy in high-speed networks, although
these approaches primarily focus on
measurement precision rather than achievable
performance [8]. From a security perspective,
fragmentation and reassembly processes have
been identified as potential sources of
implementation vulnerabilities [9], reinforcing
the need for careful MTU management. In radio
access and hardware-assisted processing
environments, empirical evaluations suggest
that MTU tuning can yield measurable latency
reductions, albeit in a platform-dependent
manner  [10]. Advanced latency-aware
transmission frameworks further highlight the
importance of configuration-level optimization
in 10T and SDN-integrated systems [11].
Similarly, SDN-based security orchestration
mechanisms demonstrate the ability to mitigate
RTT degradation under adversarial conditions
[12]. Mobility-aware flow-caching strategies
and traffic-analysis frameworks increasingly
rely on RTT and throughput as indicators of
control-plane responsiveness, although
methodological inconsistencies persist across
studies [13], [14]. Research on end-to-end delay
synthesis and adaptive routing indicates
growing interest in integrating optimization
techniques and machine learning into SDN
architectures [16]. However, these approaches
are often evaluated under controlled conditions
that limit their generalizability. Bandwidth
characterization  studies reveal structural
weaknesses in  centralized measurement
mechanisms, motivating the adoption of
distributed  monitoring  solutions  [17].
Verification frameworks demonstrate that high
forwarding integrity can be achieved with
limited throughput impact, although trade-offs
remain unavoidable [18]. Programmable data-
plane research further underscores the strategic
importance of flexible packet processing, while
empirical ~ validation  remains  limited
[19].Recent investigations into MTU behavior
in overlay networks, jumbo-frame
deployments, and telemetry pipelines provide
additional evidence that MTU boundaries
substantially influence encapsulation overhead
and performance stability [21]-[23]. Studies on
research and production networks also
acknowledge the relevance of packet-level
parameters, although MTU effects are rarely
examined in security-sensitive contexts [24].
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Methodological comparisons between
simulation and emulation platforms highlight
the trade-offs between reproducibility and
operational realism [25]. Meanwhile, advances
in anomaly detection, traffic generation, and
data collection tools continue to shape
experimental SDN research [26], [27]. Machine
learning-based traffic classification and hybrid
optimization frameworks further contribute to
performance enhancement, yet their integration
into closed-loop QoS enforcement remains
limited [28], [29]. Quality of Service (QoS)
evaluation is commonly conducted using key
performance indicators such as throughput,
jitter, and packet loss, which collectively reflect
network efficiency and transmission stability.
Syanofri and Dalimunthe demonstrated that
wired networks achieve higher throughput and
lower jitter compared to wireless networks,
while maintaining near-zero packet loss under
controlled conditions, indicating superior
reliability and consistency in data delivery .
Their findings highlight that throughput
represents transmission capacity, jitter reflects
temporal stability, and packet loss indicates
congestion and processing limitations. These
parameters serve as fundamental benchmarks
for assessing network performance and remain
highly relevant in analyzing configuration-
driven environments, including software-
defined networks [30]. Collectively, these
studies establish a foundation for analyzing
MTU effects within contemporary SDN
environments.

3. RESEARCH METODE

The research begins with the Start phase,
followed by two parallel initial activities:
Observation and Study of Literature.
Observation identifies the real problem context
and performance issues related to MTU
variations in SDN environments, while the
literature  review establishes theoretical
foundations, summarizes prior research, and
supports methodological selection. Next, the
study proceeds to Data Collection, where
experimental measurements are obtained using
Mininet, Ryu, and Open vSwitch with varying
MTU configurations. The collected results are
then prepared and examined during the Data

Processing stage to ensure accuracy,
consistency, and suitability for analysis. The
processed findings are interpreted and
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evaluated in the Results and Discussion section,
presenting performance comparisons and key
insights regarding the impact of MTU size on
network latency and throughput. In addition to
average values, statistical analysis was
incorporated to quantify the variability of the
observed performance metrics. For each MTU
configuration, standard deviation and variance
were  calculated based on  repeated
measurements. Furthermore, 95% confidence
intervals were derived to evaluate the reliability
of the estimated mean values.These statistical
indicators provide a more comprehensive
understanding of performance stability and
strengthen the validity of the experimental
findings beyond descriptive analysis.
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Figure 1. Process flow of the experimental

study
Finally, the  research  produces
Conclusions and Recommendations,
summarizing the major outcomes and

proposing optimal configurations and future
improvements, before reaching the Finished
stage. This research employs an experimental
method to analyze the impact of variations in
Maximum Transmission Unit (MTU) on
network performance within a Software-
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Defined Networking (SDN) architecture. The
experimental environment was executed on
hardware equipped with 32 GB of RAM, an
Intel Core 17 gen 11 processor, and an NVIDIA
RTX 4060 GPU to ensure stable computational
performance throughout the simulation. All
testing was implemented using VirtualBox
running the Ubuntu 18.04 operating system as a
virtual machine platform where Mininet and the
Ryu controller were configured. The network
topology utilized consisted of one Ryu
controller, one Open vSwitch switch, and two
hosts. Although the experimental topology
consists of one controller, one Open vSwitch
switch, and two hosts, this configuration was
intentionally selected as a controlled baseline to
isolate the effect of MTU variation on SDN
performance. A minimal topology reduces
confounding factors such as multi-switch
forwarding complexity, controller
synchronization, and heterogeneous traffic
paths. Consequently, variations in RTT,
throughput, and jitter can be more directly
attributed to MTU configuration rather than
architectural complexity.

Figure 2. Network topology visualization.

The objective of this study is not to
replicate the full complexity of real-world SDN
deployments, but to establish a reproducible
and internally valid experimental baseline.
More complex topologies are considered as
future work to improve external validity. In
each experimental scenario, the MTU value was
varied to 500, 1000, 1500, and 2000 bytes.
Network performance measurements were
conducted using the ping command to obtain
average Round Trip Time (RTT) values and
iperf3 to measure throughput. The evaluation in
this study is based on ICMP and TCP traffic
patterns, which represent controlled and
relatively homogeneous network conditions.
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While these approaches are widely used for
baseline performance assessment, they do not
fully capture the complexity of real-world SDN
traffic, which may include concurrent flows,
burst transmissions, and application-specific
behaviors. The use of these tools is therefore
intended to provide a controlled baseline for
isolating the effect of MTU variation. Future
work should incorporate more diverse traffic
scenarios to better reflect operational
environments and to further validate the
generalizability of the findings. Each scenario
was tested repeatedly to ensure result
consistency, with verification that no packet
loss occurred during the experiments. To ensure
the reliability and reproducibility of the
experimental results, each MTU configuration
scenario was executed over multiple
independent trials. Specifically, every scenario
was repeated 10 times under identical
conditions. The reported values for RTT,
throughput, and jitter represent the average of
these repeated measurements. Between each
experimental run, the network state was reset to
eliminate residual effects from previous
executions, including buffer states and flow
table entries. This procedure was applied to
maintain consistency and to prevent temporal
bias in the measurements.

All results were subsequently recorded
and visualized in the form of tables and graphs
to analyze the relationship between MTU
variation and network performance in the SDN
architecture using the Ryu controller. While the
experimental design in this study was carefully
structured to provide a controlled and
systematic evaluation of MTU variation,
several methodological limitations should be
acknowledged. The  network topology
employed, consisting of a single controller, one
switch, and two hosts, represents a relatively
simplified SDN environment compared to real-
world deployments. This design choice
facilitates clearer isolation of MTU effects and
improves measurement consistency; however,
it inevitably limits the ability to capture more
complex network dynamics, such as inter-
switch interactions, multi-controller
coordination, and heterogeneous traffic
patterns. Furthermore, the use of an emulation
platform based on mininet introduces inherent
constraints in accurately reflecting hardware-
level performance characteristics, particularly
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in terms of processing latency and data-plane
forwarding efficiency. Consequently, the
findings of this study should be interpreted
within the scope of a controlled experimental
setting rather than as a direct representation of
operational network performance. To enhance
the generalizability of the results, future
research should consider more complex
topologies, incorporate diverse and dynamic
traffic scenarios, and extend the evaluation to
different controllers as well as hardware-based
network infrastructures.

4. RESULTS AND DISCUSSION

Before conducting an in-depth analysis,
the measurement results were first examined to
identify emerging trends regarding the impact
of Maximum Transmission Unit (MTU)
variation on network performance within the
SDN architecture. Four MTU configurations
500, 1000, 1500, and 2000 bytes, were
evaluated with respect to three primary
performance indicators: Round Trip Time
(RTT), packet loss, and throughput. All
scenarios consistently produced 0% packet loss,
allowing the performance assessment to focus
primarily on latency, throughput, and jitter as
the key determinants of transmission stability.
The quantitative results of all experiments are
summarized in Table 1 to enable systematic
comparison across MTU configurations.

Table 1. The results of all the experiments

MTU RA-\I—/; Pigls(:t Th(rl\clelJJghput Jitter
(ms) | (%) P9} | (m9)
500 44.1 0 541 1.7
1000 | 10.9 0 8,84 6
1500 | 23.9 0 11,4
2000 | 45.3 0 2,45 1

Table 2. Statistical dispersion of repeated RTT

measurements
MTU gte‘i'/ Variance CI (95%)
500 | 0116 | 00135 | 0.046—0.148 ms
1000 | 0111 | 00123 | 0.071—0.169 ms
1500 | 0112 | 00125 | 0.049—0.129 ms
2000 | 0115 | 00138 | 0.052—0.140 ms
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Table 2 summarizes the statistical
dispersion and measurement uncertainty
associated with the repeated RTT observations
across all MTU configurations. The relatively
low standard deviation values, ranging from
0.111 to 0.116 ms, indicate that the
measurements are highly consistent across
repeated trials. Likewise, the variance values
remain small, confirming that fluctuations
around the observed mean are minimal. The
95% confidence intervals are also narrow,
suggesting that the dispersion estimates are
stable and the experimental procedure is
reproducible. Notably, the 2000-byte MTU
configuration exhibits the smallest standard
deviation, which indicates that its performance
is consistent across runs; however, this
consistency occurs alongside substantially
poorer RTT and throughput performance as
reported in Table 1. In other words, the 2000-
byte configuration is stable but systematically
inefficient.

MIU (bytes)

Figure 3. Visualization results of all the
experiments

The results in Table 1 show that the 1000-
byte MTU achieves the lowest RTT, while the
500-byte and 2000-byte configurations produce
considerably higher latency. This pattern
indicates that overly small MTU values increase
protocol overhead, whereas excessively large
MTU values impose additional processing
burden within the SDN data plane. Although
Table 2 shows low statistical dispersion across
all configurations, such stability should be
interpreted together with the QoS outcomes in
Table 1. In this regard, the intermediate MTU
settings, particularly 1000 and 1500 bytes,
provide the most balanced performance in terms
of latency, throughput, and jitter. By contrast,
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the 2000-byte MTU remains statistically
consistent  but  operationally  inferior,
confirming that stable measurements do not
necessarily correspond to efficient network
behavior.

From a throughput perspective, the 1500-
byte MTU delivered the highest performance at
11.4 Mbps, followed by the 1000-byte
configuration. In contrast, throughput dropped
sharply to 2.45 Mbps at an MTU of 2000 bytes,
suggesting that oversized packets are not
efficiently processed by the Open vSwitch Ryu
forwarding pipeline and may contribute to
internal buffering or fragmentation
inefficiencies. The pronounced performance
degradation observed at the 2000-byte MTU
configuration warrants closer examination. One
plausible explanation lies in the increased
processing overhead associated with handling
larger packets within a software-based
forwarding environment. In the context of
Mininet and Open vSwitch, packet processing
is performed in software, where larger frame
sizes may impose additional computational
demands, particularly in terms of packet
handling, queue management, and forwarding
operations. In addition, the observed behavior
may be related to fragmentation effects. When
the effective MTU along the forwarding path is
lower than the configured packet size, packets
may undergo IP fragmentation, resulting in
additional header overhead and requiring
multiple fragments to be processed for a single
transmission. Such conditions can reduce
transmission efficiency and, in turn, negatively
impact throughput.

Furthermore, it is reasonable to consider
the role of buffering within Open vSwitch.
Larger packets may occupy buffer space for
longer durations, potentially leading to queue
buildup and increased waiting times within the
forwarding pipeline. Under constrained buffer
conditions, this may contribute to transient
congestion effects that further degrade
performance. Taken together, these factors
suggest that the sharp decline in throughput at
the 2000-byte MTU is unlikely to be attributed
to a single cause, but rather reflects the
combined influence of fragmentation overhead,
buffering dynamics, and the inherent limitations
of software-based packet processing in an
emulated SDN environment.
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Jitter measurements provide additional

insight into temporal stability. Jitter remained
relatively low at 500 bytes (1.7 ms), increased
at 1000 bytes (6 ms), reached its highest value
at 1500 bytes (9 ms), and decreased again at
2000 bytes (1 ms). These fluctuations imply that
jitter is strongly influenced by buffering and
gueue management within the switch, rather
than being directly tied to either latency or
throughput performance.
Overall, the combined observations across
RTT, throughput, and jitter indicate that
medium-range MTU configurations
particularly between 1000 and 1500 bytes offer
the most balanced performance, providing a
favorable compromise between low latency,
high transmission efficiency, and stable packet-
timing behavior in the evaluated SDN
environment.

5. CONCLUSSION

This study demonstrates that MTU
configuration exerts a non-linear influence on
SDN performance within a Mininet- and Ryu-
based environment. Both extremely small and
excessively large MTU values introduce
inefficiencies, arising from increased protocol
overhead and elevated packet-processing
burden, respectively. In contrast, intermediate
MTU sizes, particularly 1000 and 1500 bytes,
provide the most favorable operational balance,
with the former minimizing RTT and the latter
achieving the highest throughput. Statistical
dispersion analysis further confirms that the
experimental results are stable and reproducible
across repeated trials. Despite these findings,
the wuse of a minimal topology and
homogeneous traffic patterns limits external
validity. Future work should therefore extend
the evaluation to multi-switch environments,
incorporate concurrent and heterogeneous
traffic scenarios, and explore alternative SDN
controllers to enhance the generalizability of the
results.
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