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Abstract:

This work analyses the impact of the server operating system on the overall
performance of hosted web sites. In the paper, we are presenting the results
of comparing the influence of the two most common server operating system
families, Windows and the GNU/Linux distributions. Through experiments,
we have collected data based on which we have concluded the impact of these
operating systems on the performance of a web site developed using the most
commonly used web platform - WordPress. The experiment was set up in
such a way as to eliminate the impact of hardware on our measurements,
which is done by using the same hardware, network and matching condi-
tions. The experiment was conducted with a large number of repetitions to
reduce relative errors in measurements. The performance analysis covers files
of different sizes and types, including text and multimedia content typical
for modern web sites.
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INTRODUCTION

Users tend to leave web sites that require extensive time to load their
content [1]. In such situations, users search for alternative sources of
information and services [2]. It is confirmed by research that at least
one of the important reasons why users leave web sites is the time it
takes to load them, compared to other web sites [3] [4]. This can lead to
a reduction in sales, for commercially oriented web sites [5]. Whenever
a web page loads only one second longer than other similar web sites, it
reduces user satisfaction by as much as 16%, page browsing by 11% [6]
and conversion rate by 7% [7] [8]. Therefore, the time to load the web
site is one of the more important features that affect the satisfaction and
success of the web site.

Improving the performance of the web site can lead to greater satis-
faction of visitors of web site services, which can have a positive impact
on business. Other than optimizing the web site's application code, the
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underplaying platform can also impact performance.
Therefore, research is needed to determine what actions
in preparing the web server platform can be performed
which can affect the reduction in the load time of the
hosted web site. Since several server features may af-
fect performance, as well as other features of the web
application itself [9], this research analyzes the impact
of a single feature independently. The research aims to
determine the influence of the server operating system
on performance.

2. METHODOLOGY

To reduce the error of measuring the speed of load-
ing the content of the web site on selected operating systems
the experiment was designed to use the content of different
types and sizes. Repeating the measurement many times
reduces the relative measurement error. The content
used in the experiment was formed to simulate different
ranges of content sizes typical of modern web sites [10].
The file sizes used in the experiment were divided into
ranges of typical textual content, smaller and larger im-
ages, as well as large video files. The research aims to show
to what extent and in what way the choice of an oper-
ating system affects the performance of the site. Other
characteristics of the architecture of the web server on
which the web site is hosted and executed are unchanged
so that they cannot affect the measurement results. To
ensure virtually unchanged conditions regarding other
features of this experimental platform, such as local net-
work connection speed, the experiment was performed
on a local network, thus excluding network capacity as
a possible bottleneck of the model. This reduces the im-
pact of changing the speed of the Internet connection
due to changes in the connection load at different times
of the day [11]. The web site was loaded from a local
server exclusively purposed for the experiment. For both
operating system families, the same computer was used
as the server, each in term. The computer from which
the content download request was made was discon-
nected from the Internet connection during the experi-
ment. Also, all installed programs were turned off dur-
ing the measurement. In this way, the influence of other
software on the measurement results for the duration of
the experiment was reduced. In the study, we tested the
effects of systems from the two most commonly used
families of server operating systems - Windows and
GNU/Linux distributions [12] [13]. In the case of Win-
dows, the latest version at the time of the research was
2019, build version 1903. In the case of the GNU/Linux
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system distribution, the Ubuntu Server operating system
distribution, version 19.04, was selected, which was up-
to-date at the time [14]. The servers was set-up following
the required server configuration, using an Apache2 web
server [15] with a PHP interpreter [16] and a MySQL
relational database management system [17] was used as
a web server, and as a platform for web site hosting. The
WordPress CMS [18] was installed with default settings,
without additional configuration of layout, functionality
and optimization. The operating systems have not been
in any way modified and additionally configured from
their default initial states, automatically configured dur-
ing their respective setup processes.

The content used for the experiment for the down-
load time measurement was divided into two categories:
(a) files and (b) page content. Files are divided into four
groups: (1) a small file of 12.9KB, (2) a medium file of
1.08MB, (3) a large file of 90.7MB, and (4) a very large
file of 1GB, and pages into two groups: I) a small web
page with textual content, with 3 paragraphs of text and
(IT) a large web page, with 50 paragraphs of text, 4
tables of average size, 30 embedded images, 5 sheets of
10 items and with a total of 100 links. The experiment is
set up in such a way that a large number of consecutive
requests are made to the server. The server is asked to
deliver specified types of content from the web site hosted
on the server with the tested operating system. For each
request, we record the response time, as well as the re-
sponse time for all request in the sequence. Requests were
not sent competitively, but one at a time, each upon the
completion of the previous one. The data collection pro-
cess was performed for both operating systems.

We have used a Bash script to automatically query
each category of content from the web site, which is de-
livered from pre-defined web site paths. For each con-
tent group, two content delivery times were recorded,
the total time for the entire cycle of all iterations, and
the average individual download time. The number of
repetitions in a cycle is automatically increased from 1
to 100, and over 100, it is increased in steps of 10 rep-
etitions, up to 500 repetitions of downloads for each
content group. In this way, it is possible to determine
whether a web site behaves differently when it needs to
serve the same amount of content one or more times in
a very short time. Averages and total times are recorded.

A listing of the part of the script that downloads content
from the site, measures the total time and writes the
results to a file for processing and averaging is shown in
the following computer code listing:

Information Systems, Software Development, Internet Technologies and
Social Networking Session




182

#!/bin/bash

for repetitions in “cat sizes.txt’

do
echo "(1) small file, x $repetitions...”
start="date +%s%N’
for i in {1..$repetitions}

do
wget --cache=off \
--no-check-certificate \
--no-cache --no-cookies \
-q $URL -0- > /dev/null
done

end="date +%s%N"

time=$(( $end - $start ))

echo "$SIZE $repetitions $time" >>
results.txt
done

Listing 1 - A segment of the data collection script

The script uses a supplementary file whose content
supports the process of automated data collection for
processing. This file is called sizes.txt and contains pre-
defined repetition numbers from 1 to 100, with steps of
1 and over 100 to 500, with steps of 10.

Two essential variables used in the script are:

o $URL is the link from which the content from the
web page will be downloaded in the given itera-
tion. The value of the variable is set outside the
script and changes before each script run for each
subsequent content group by size.

o $SIZE is the symbolic name of the content group
by size that is retrieved in that iteration.

The script ignores the content downloaded from the
web site. It does not store it anywhere, but erases it im-
mediately after the end of an iteration of the current cy-
cle. After completing one download and after it records
the measurement, it continues with the next planned it-
eration. This script is repeated for each group of content
sizes and complements the results of the measurement
with the results.txt file. Executing the script generates a
total of 140 results for each content group, grouped by
size. By repeating the process for all content groups, a
total of 840 rows of results are created, which contain
the symbolic name of the content group, the number
of repetitions and the total duration, expressed in ms in
the form of a real number value. Based on the duration
and number of repetitions, the average content down-
load time was subsequently calculated for each of the
840 result rows in the file and compared to the average
calculated on the fly during the download process. This
comparison is done for verification.
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3. EXPERIMENTAL RESULTS

The completion of the experiment, which included
data collection for the two tested operating systems and
all content groups, grouped by size on the same hard-
ware and using the same network infrastructure and
configuration took 154 hours. Based on the collected
measurement results, we were able to perform an analy-
sis and create a report. This report explains the web site's
performance in terms of response speed and delivery of
requested content.

This section presents the measurement results.
Speeds are calculated based on the total and average
download times for all content groups. After the calcula-
tions were done, the maximum calculated speed for both
operating systems was taken into account and the results
were recalculated and set on a scale from 0 to 100 MB/s.
The speed values are shown in the measurement results
section graphically and in tabular form and explained in
the following analyses.

3.1. ANALYSIS OF THE RESULTS FOR THE UBUNTU
SERVER

Figure 1 shows a graph of average content download
speeds for all six content categories, grouped by size, for
each number of iterations, from 1 to 500, for the web site
hosted on a server running Ubuntu Server. For clarity,
the graph is drawn so that the numbers of consecutive
repetitions of content retrieval ranges from 1 to 500 and
are placed along the abscissa, and the values of aver-
age content retrieval speeds are shown in logarithmic
scale, shown from 0 to 100, values from 0 to 100MB/s
are along the ordinate.
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Figure 1: Results when hosting on the Ubuntu system
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From these measurement results we can notice that
when downloading (I) a small page, the average down-
load speed is lower when the page is downloaded con-
secutively a smaller number of times (up to 5), and in-
creases for multiple consecutive downloads. The same
is the case with (1) a small file. It is noticeable that the
download speed is unstable when downloading

(1) small and (2) medium files, as well as (I) small
pages, while in the case of downloading (3) large and
(4) very large files and (II) large pages speed uniform.

We have measured oscillations in average download
speeds during download (I) of a small page in cycles of
up to 100 consecutive downloads. For some consecu-
tive downloads, the average speed is the same for this
content group.

The least number of oscillations was recorded when
downloading the (II) large page. There are fewer oscilla-
tions observed when loading this page than when load-
ing (2) medium, (3) large and (4) very large files.

This finding is contrary to our expectations, giv-
en that when downloading a file from a web site, the
Apache web server accesses the served file directly from
storage, without passing the request through the PHP
interpreter, which would in term run the logic of the
WordPress site. Direct access thus bypasses the connec-
tion to the MySQL database server data, and was ex-
pected to reduce the overall amount of processing time
needed to deliver the file.

When measuring the average download speed (2) of
the average file for the whole frame of the number of
repetitions, it is noticeable that there is acceleration in
situations when the same content is served consecutively
up to 20 times. However, over 460 times, a lower aver-
age download speed is recorded, but the oscillations are
smaller. When downloading (3) large and (4) very large
files, the least number of oscillations were noticed, re-
gardless of the number of consecutive downloads of the
same file from the server.

Finally, it was observed that the average download
speed of (2) medium, (3) large and (4) very large files
is in the upper 50% of the speeds compared to other
content groups.
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3.2. ANALYSIS OF THE RESULTS FOR THE WINDOWS
SERVER

Figure 2 shows a graph with the average relative
download speeds for all six content categories, for each
number of iterations from 1 to 500, from a web site
hosted on a server running the Windows Server 2019
operating system.
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Figure 2: Results when hosting on the Windows Server

When hosting the web site on the Windows Server,
we notice similar performance in the results, with some
difference in performance evident with certain content
groups. In terms of speeds expressed and calculated rela-
tive to the maximum speed in this configuration, the
least number of oscillations in terms of average speeds
were recorded in (2) medium and (4) very large files,
while (3) large files recorded more oscillations for vari-
ous ranges of consecutive download repetitions. When
reviewing the results of downloading the contents (1)
of a small file, we see that the average download speeds
are unstable in the whole range from 1 to 500 repeti-
tions, and it is particularly noticeable that up to 5 con-
secutive downloads, the speeds are significantly lower.
In web page download scenarios, most oscillations were
observed when downloading (I) a small file, while down-
loading (II) a large file was stable, except for the range of
90 to 95 iterations.

In the shown graph, we can see that the download
speed for large and giant files is comparable, regardless
of the large difference in file sizes.

Finally, we have observed that the average download
speed of (3) large and (4) very large files is within the top
50% of speeds compared to other content groups.
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3.3.COMPARISON OF THE RESULTS

In this section, we explain how we compared the
obtained measurements. We express measurements as
values from 0 to 100 MB/s, corresponding to absolute
data transfer rates. We present them graphically.

To make it easier to compare the results of the aver-
age download speeds, the values were aggregated into
four groups, based on the number of performed repeti-
tions of content downloads, for each size group:

e A - The number of repetitions of content down-
load is from 0 to 99;
o B - The number of repetitions of content down-

load is from 100 to 190;

o C - The number of repetitions of content down-
load is from 200 to 290;

o D - The number of repetitions of content down-
load is from 300 to 500.

For each content group, we have made four sub-
groups, filtering the results by averaged speeds labelled
as A, B, C, and D, as was explained above. These groups
and their subgroups are hereinafter collectively referred
to as Content analysis grouping labels. For further re-
view of the performed analysis, we have labelled these
aggregates as:

o A-1,A-2,A-3, A-4, A-Tand A-IJ;

e B-1,B-2,B-3, B-4, B-I and B-II;

¢ (C-1,C-2,C-3,C-4,C-Iand C-IT and
e D-1,D-2,D-3,D-4, D-I and D-IL

The results are shown in the graphs in Figures 3 and
4 with logarithmic scale in base 2.
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Figure 3: Measurement results on GNU/Linux
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Figure 4: Measurement results on Windows Server

After reviewing the presented charts, we can con-
clude that the average download variance is low with-
in the same repetition number group (A through D).
Charts show that download speeds of content groups
for files (1), (2), (3), and (4) are nearly the same. The
variances are better presented in Table 1, shown below.
Greater differences are observed in the area showing av-
erage download speeds of page contents (I) and (II) be-
tween the two experiments. Transfer rates of contents of
(I) small and (II) large pages are lower, relative to their
respective sizes when downloading from the web site
hosted on the Ubuntu Server GNU/Linux distribution.
When reading the chart, it is evident that the download
speed of the (II) large page from the web site hosted on
the Windows Server is double than the achieved down-
load speed of the content of the same page from the web
site hosted on the Ubuntu Server.

Table 1 shows the differences in average download
speeds for contents of different sizes (1), (2), (3), (4),
(I), and (II), grouped by repetition number ranges A, B,
C, and D, from web sites hosted on Ubuntu Server and
Windows Server operating systems. Table cells include
additional indicators which show when the download
speed difference is greater than 0 or less than 0, repre-
sented by collared arrow symbols, facing up or down, re-
spectively. In our experimental results, we did not come
across a situation when the difference was 0. Therefore,
we did not include an indicator to show this scenario.
From the given table, we can confirm that download
speeds across different repetition number groups for
(1) small files are nearly the same for both operating
systems and that the Ubuntu Server has had better per-
formance in this scenario. When it comes to the (2) me-
dium file size, we can see increasing instability, while on
average, the difference is still negligible in this scenario.
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Starting from the (3) large file size, it is evident that the
download speed difference is steadily increasing and is
growing in favour of Windows Server. Regarding web
page contents, the download speed difference for (I)
small pages is also negligible, while it does show that
Window Server outperforms Ubuntu Server.

However, the difference for (II) large pages is com-
parably larger. On average, across all repetition num-
ber groups, it shows that the average download speed is
3,51MB/s greater when the pages are loaded from web
sites hosted on the Windows Server, compared to that
hosted on Ubuntu Server.

4. DISCUSSION

A comparative analysis of the results of the web
site performance measurement performed on Ubuntu
Server 19.04 and Windows Server 2019, build 1903 op-
erating systems showed that the web site's performance
on the Ubuntu Server system was slower for most con-
tent groups compared to the speed of content download
from the same web site hosted on the Windows Server
operating system. When it comes to content downloads
which completely bypass the WordPress application
code, by performing file downloads exclusively through
the Apache2 web server file download handler, the per-
formance of the web site hosted on the Ubuntu Server
better only for the smallest file sizes. As file sizes grow,
the download performance gradually shifts in favour of
the Windows Server hosted web site. For content that
does rely on the WordPress application code for gen-
eration and delivery, the download speed was always
faster when downloaded from the web site hosted on
the Windows Server, compared to the Ubuntu Server.
In the case of downloading content (1) small files and
(I) small pages, performance differences are negligible.
When it comes to (II) large pages, it is noticeable that
the average download speed was higher on the Windows
Server system. Measurement results for (2) medium, (3)
large, and (4) very large files clearly show that perfor-
mance on the Windows Server system was better. There
was a difference in average download speeds of (4) very
large files for recurrence number groups A, B, C, and
D, as well as for the download speed of (II) large pages,
for all the same recurrence number groups. The most
significant difference was observed during the transfer
of (4) very large files. In this scenario, the performance
was unequivocally better when the file was being down-
loaded from the Windows Server.
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5. CONCLUSION

In this paper, we have described an experiment con-
ducted to determine the impact of choosing an operat-
ing system on the performance of a web site hosted on
the server. Both operating systems were installed with
their default setup configurations without performing
any post setup optimizations. Results of the experiment
are measurements of average download speeds of the
content of different types and sizes.

The types of content we used in the experiment were
web pages and linked file resources. The four file size
ranges are chosen to simulate typical text, multimedia,
and audio-video content on modern web sites. The two
pages are designed to represent pages of typical sizes,
with common content, including text, referenced pic-
tures, parsed links, rendered tables, lists, and so on. We
have provided equal conditions for executing the web
site on servers with two selected operating systems us-
ing the same hardware architecture, using the same lo-
cal network, without actively connecting to the Internet
for the duration of the experiment and deactivating all
other software except those necessary for the web site.
We used operating systems from the two largest fami-
lies, GNU/Linux and Windows families. We used the
server version of the popular distribution of GNU/Linux
operating system - Ubuntu Server and the server version
of Windows system - the Windows Server. For our ex-
periment, we used the latest versions that were available
at the time of conducting this research. Server software,
database management system and web site development
platform have been selected in the same way by analyz-
ing market share data and overall representation of these
technologies and we have not made any optimizations
to these systems after their installation. The collection of
measurements was automatic, performed using a script
executed on a computer prepared exclusively for this
experiment, and the data collected was subsequently
imported, normalized, and processed. By analyzing
the measurements, we have concluded that overall per-
formance in terms of average content download speed
from the web site is better when the web site is hosted
on the Windows Server operating system compared to
the one hosted on the Ubuntu Server distribution of the

GNU/Linux operating system family.
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6. FUTURE WORK

This experiment was intended to measure only the
impact of a single factor of the platform configuration -
the operating system. The research results have shown
that choosing an operating system does have an impact
on the web site's performance. For smaller contents, the
performance is negligible. For larger contents it should
not be ignored. Given that other features of the server
platform configuration were not taken into account, and
that their performance impacts were not considered in
this research, it is conceded that additional research is
needed to measure and show the impacts of other fea-
tures of the server platform configuration, as well as to
determine whether they influence each other in any way.
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