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1 Introduction

In modern computer networks, efficient data transmission is essential for ensuring fast
and reliable communication. One of the key factors influencing network performance
is the routing algorithm, which determines the path data packets take from source to
destination. Even small improvements in routing decisions can lead to noticeable
reductions in latency, improving overall system responsiveness and user experience.
As a result, evaluating and comparing routing algorithms is a critical task in network
performance analysis.

This report investigates whether a newly implemented routing algorithm offers a
statistically significant improvement in latency compared to an existing algorithm.
Using response time data collected from two independent servers, each operating
under a different routing algorithm, statistical methods are applied to assess
differences in mean latency. Welch's two-sample t-test is used to account for potential
unequal variances and the presence of an outlier within the dataset. Through
hypothesis testing, analysis at multiple significance levels, and an evaluation of outlier
impact, this study aims to determine whether the new routing algorithm provides a
meaningful performance advantage.

2 Dataset description

2.1 Dataset

The dataset presents response time measurements for two servers using different
algorithms. Server 1 operates with the original routing algorithm, while server 2
operates using a newly implemented routing algorithm. For each server, latency was
a recorded in milliseconds for 42 individual data packets.

2.2 What is routing algorithm?

A routing algorithm is a set of procedures or a software program used by a router to
determine the efficient path for a data packet to travel from its source to its destination
across a network [1]. The primary role is to calculate the most efficient path to ensure
the data packets reach their destination quickly minimizing delays from factors such
as distance, bandwidth, delay or network load [1].

2.3 ldentifying Variables

The routing algorithm is treated as the independent variable in this data, as it is the
factor that differs between the two groups and influences the systems performance
[2]. Latency is the dependent variable, as it represents the outcome being measured
in response to the routing algorithm used [2]. The two samples are independent of
each other, as each latency corresponds to a separate data packet. Latency




measurements may be influenced by other factors such as processing delays, network
congestion or packet routing paths [3] which are not explicitly controlled within this
dataset.

In addition to identifying the independent and dependent variables, several statistical
assumptions must be considered to ensure the validity of the chosen analysis. The
latency measurements are treated as continuous numerical data, making them
suitable for parametric statistical testing. Each latency value corresponds to a separate
data packet and is assumed to be independent, meaning that the response time of
one packet does not influence another. This independence is a key assumption of two-
sample t-tests and is reasonable in this context given that each packet represents a
separate transmission event.

Understanding the dataset allows for appropriate formation of hypothesis and informed
selection of suitable statistical testing [4] to compare the mean latency values between
both routing algorithms.

2.4 Why is Statistical testing important?

Statistical testing is important as it helps determine if observed patterns in sampled
data are real or just random chance, allowing researchers to draw reliable conclusions,
preventing misinterpretation, and ensure research integrity by quantifying evidence for
or against a hypothesis [5]. It filters out random fluctuations to identify true effects or
relationships, preventing decisions based on flukes, reduces the chance on making a
a decision that could potentially have a Type Il or Type | error, it validates findings and
improves the quality of studies enhancing research quality, prevents misinterpretation
by ensuring consistent understanding among professionals preventing contradictory
conclusions from the same data [5]. It also guides decision-making as it allows us to
place more trust in the study results allocating sources effectively [5].

2.5 Type | and Type Il Errors

Statistical hypothesis testing also involves the consideration of potential decision
errors [6]. A Type | error (false positive) occurs when the null hypothesis is incorrectly
rejected, meaning that a statistically significant difference is detected when no true
difference exists. In the context of this study, a Type | error would involve concluding
that the new routing algorithm improves latency when it does not [6]. The probability
of committing a Type | error is controlled by the chosen significance level (p-value),
such as 0.05 or 0.01. A Type |l (false negative) error occurs when the null hypothesis
is not rejected despite a true difference being present [6]. In this case, a Type |l error
would involve failing to detect a genuine improvement in latency offered by the new
routing algorithm. By selecting appropriate significance levels and using a statistical
test that acknowledge unequal variances, this analysis aims to balance the risks of




both Type | and Type Il errors, ensuring that conclusions drawn from the data are both
cautious and reliable [6].

3 Hypothesis

3.1 Null Hypothesis

There is no statistically significant difference between the mean latency of server 1
operating under the old routing algorithm and the mean latency of server 2 operating
under the new routing algorithm.

3.2 Alternative Hypothesis

There is a statistically significant difference between the mean latency of server 1
using the old routing algorithm and the mean latency of server 2 using the new routing
algorithm.

4 Testing and result
What is a t-test?

A t-test is a statistical technique used to assess whether there is a meaningful
difference between the average values of two groups [7]. There are three commonly
used forms of the t-test. A one-sample t-test evaluates whether a single group’s mean
differs from a known or expected value, an independent samples t-test examines
differences between the means of two unrelated groups, and a paired sample t-test
compares measurements taken from the same group under different condition or at
different points in time [7]. Selecting the appropriate type of t-test for the given dataset
is essential to produce accurate and dependable results [7].

4.1 Welch's t-test

Welch's t-test is a version of the independent samples t-test used to compare the
means of two groups that might have unequal variances [8][9], and possibly different
sample sizes, making it more robust than the standard students t-test when the
assumption of equal variances isn’t met [9]. It calculates the degrees of freedom using
the Welch-Satterthwaite equation to adjust for these differences [9], providing a more
accurate result for comparing means in real world data [9]. When the variances are
unequal, the estimate of the difference between means becomes less precise,
therefore, reducing the degrees of freedom makes the test more conservative and
helps protect against an increased risk of Type | error (false positive) [9].




Welch's t-test [8][9] was selected because the two samples are independent and there
is no strong evidence to suggest that their variances are equal. This concern is
reinforced by the presence of an extreme outlier in the server 1 latency data (refer to
section 6), which may increase the variance and disrupt the equal-variance
assumption required for the standard two-sample t-test, unlike the student standard t-
test. Therefore, the results of our two-sample independent t-test is reliable and

trustworthy.

5 Tests
5.1 0.05
Algorithm 1 | Algorithm 2
Mean 88.87142857 | 77.61904762
p-value 0.05
df 53
t obt 8.216787683
t Critical two-
tail 2.005745995

Atwo-sample t-test assuming unequal variances [9] revealed a statistically significant
difference between Algorithm 1 and Algorithm 2 using a significance level of 0.05:

1(53) = 8.22 (2dp), p< 0.05 (two tailed)

The mean performance score for Algorithm 1 (88.87(2dp)) was higher than the mean
for Algorithm 2 (77.62(2dp)), indicating that Algorithm 2 performed better than

Algorithm 1 within this data set.

5.2 0.1
Algorithm 1 | Algorithm 2
Mean 88.87142857 | 77.61904762
p-value 0.1
df 53
t obt 8.216787683
t Critical two-
tail 1.674116237




When the significance level was increased to a significance level of 0.10, the result
remained statistically significant,

t(53) = 8.22(2dp), p< 0.10 (two tailed)

the obtained t-statistic exceeded the critical t value at this level, indicating further
strong evidence against the null hypothesis. As with the 0.05 level, Algorithm 2 showed
significantly faster mean performance than Algorithm 1.

5.3 0.01
Algorithm 1 | Algorithm 2
Mean 88.87142857 | 77.61904762
p-value 0.01
df 53
t obt 8.216787683
t Critical two-
tail 2.671822636

Even when the significance level was reduced to 0.01, the difference between the two
algorithms remained statistically significant

t(53) = 8.22(2dp), p< 0.01 (two tailed)

this indicates very strong evidence against the null hypothesis and suggests that the
observed difference in performance is highly unlikely to have occurred by chance.

5.4 Result conclusion

The consistency of significance across all tested alpha levels indicates that the result
is robust and not sensitive to changes in the significance threshold.

6 Outlier

6.1 How does the outlier impact the result?

Visualising data is an essential step in analysis, as it allows patterns, trends, and
influential factors to be identified that may otherwise go unnoticed in numerical results
alone [4]. Data visualizations play a crucial role in exploratory data analysis by
enabling analysts to inspect data visually, detect anomalies, and form initial




hypotheses [4]. They are also assist in the data-cleaning process by highlighting
missing values or unusual observations, helping to ensure the accuracy and reliability
of subsequent analysis [4].
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A scatter chart is particularly effective for identifying outliers, as it clearly displays data
points that deviate significantly from the overall pattern or cluster, appearing isolated
from the main group. Using a scatter chart to examine the spread of the data revealed
an extreme outlier of 140 ms for Algorithm 1. This outlier may be the result of error
factors such as network traffic or power supply interruptions [4]. To prevent skewed
results and avoid drawing incorrect conclusions, it is important to conduct the analysis
both with and without the outlier and assess its impact on the results [4].

Removing the outlier results in unequal sample sizes between the two algorithms. In
this case, Welch'’s t-test [9] is appropriate, as it is a two-sample t-test that does not
assume equal variances and can accommodate unequal group sizes. This is achieved
by adjusting the degrees of freedom using [9]. To evaluate the impact of the outlier,
the mean values and t-statistics can be compared using a significance level of 0.05.

6.2 Test Results:
6.2.1 QOutlier included

The results of the two-sample t-test assuming unequal variances with p=0.05:

Algorithm 1 | Algorithm 2

Mean 88.87142857 | 77.61904762
t Stat 8.216787683
t Critical two-tail | 2.005745995




6.2.2 Oultlier Excluded

The results of the two-sample t-test assuming unequal variances with p=0.05, with the
outlier of 140ms excluded from the dataset:

Algorithm 1 | Algorithm 2
Mean 87.685 77.60731707
t Stat 17.36395168
t Critical two-tail | 1.996564419

6.3 Results Conclusion

The results show that removing the outlier has minimal impact on the mean latencies
of the algorithms. However, the t-statistic increases substantially. This suggests that
the outlier inflated the variability in the original dataset, and its removal reduced this
variability, thereby strengthening the statistical significance of the observed difference
in latency. As a result, the outlier does not influence the overall outcome of the
analysis. These findings confirm that the earlier conclusion regarding Algorithm 2’s
superior latency performance remains valid, even after the outlier is removed.

7 Conclusion

This analysis set out to determine whether there is a statistically significant difference
in mean latency between two routing algorithms used by separate servers. Using
Welch's t-test, a consistent and statistically significant difference was observed across
all tested significance levels (a = 0.10, 0.05, and 0.01). In each case, the null
hypothesis was rejected, providing strong evidence that the routing algorithm has a
measurable effect on server latency.

The results demonstrated that Algorithm 2 consistently achieved a lower mean latency
than Algorithm 1, indicating superior performance. Further investigation into the impact
of an extreme outlier showed that, while the outlier increased variability in the dataset,
its removal did not alter the overall conclusion. In fact, excluding the outlier
strengthened the statistical evidence by reducing variance and increasing the t-
statistic, reinforcing the robustness of the findings.

Overall, the study confirms that the new routing algorithm significantly improves
latency performance compared to the original algorithm. The consistency of results
across multiple significance levels and under outlier analysis increases confidence in
the validity and reliability of this conclusion. These findings highlight the value of
appropriate statistical testing in network performance evaluation and support the
adoption of the new routing algorithm for improved efficiency.
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