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Abstract—The main topic of this paper is the quality of the
WWW service evaluation. The authors present well-known
measurement methods, and present the new ‘“Power” metric
for quality, advocating it as a method of assessing the quality
of such service. This metric is based on the most important
network parameters that affect any assessment of the WWW
service, i.e. Web page opening time and download data trans-
fer rate. The new method is easy to implement, fast in oper-
ation, and provides stable and repeatable results.
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1. Introduction

The vigorous development of the Internet has meant that the
worldwide web has become the most widely and frequently
used communication platform of all, offering a steadily in-
creasing range of applications and services. The volume
of data transfer is increasing rapidly as well. According to
the latest estimates from Cisco [1], the volume of data that
is transferred over the Web will reach the zetabyte (102!)
mark in the course of 2015.

Because the Web works on the packet switching princi-
ple without resource reservation, it can very quickly come
to deterioration in quality of service (QoS) — one of the
chief issues in this paper [2]-[4]. Even the European Par-
liament has become very concerned with the issue in re-
cent years. In 2009, for instance, European Union Di-
rectives were published that directly affect neutrality and
transparency within the telecommunications market [5], [6].
With the publication of these documents all EU member
states became compelled to put the Directives into practice.
In November 2012 the Polish national regulator, UKE, is-
sued the so-called “Memorandum on QoS” with the aim
of formulating regulations on QoS in networks designed
to transport electronic services [7]. The German regula-
tor, BNetzA, undertook similar initiatives in April 2013,
establishing a so-called “Discussion Forum” which was to
pursue goals similar to those mentioned above [8] and be
generally accessible over the Web. Workgroups of both
regulators are endeavouring to complete their deliberations
and publish their reports before the end of 2013. It will then
become clear whether a policy of self-regulation or a cor-
pus of regulation laws will govern the telecommunications
market.
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Internet services can be divided into two groups: real-time
and non-real-time services. The first group contains such
services as VolIP, VTolP, IPTV, and video-conferencing.
These services are extremely susceptible to the network pa-
rameters as: network delays, jitter and packet losses. The
second group contains such services as FTP, TFTP, mail,
video on demand, and WWW. The most important factor
here is the reliability of transfer. That is why the reliable
protocol TCP is used for these services.

The WWW service is one of the non-real-time services.
Network delay is an insignificant impairment parameter.
Whilst efficiency of data transfer is the most decisive at-
tribute, the time factor cannot be ignored entirely. From
the end user’s point of view it is important that Web pages
should be loaded within an acceptable time span. Obvi-
ously, the web page opening time, which is sum of different
delays in the server, network and user equipment, impacts
on the WWW service quality perceived by the user. It
should be underlined that the point of measurement, i.e., the
specific operator’s network or Internet access, can influence
the quality evaluation results. Therefore, it is extremely
important, for the objective quality evaluation, to fulfil by
the network operators all the EU requirements mentioned
above, concerning net neutrality. So the question here is
how can the quality of the WWW service can be described,
and which metrics should be used to quantify it?

Having analysed existing documentation from the ITU-T
[9], [10] and ETSI [11]-[15], the authors propose a new,
objective metric for determining QoS in the WWW ser-
vice, based on the well-known Mean Opinion Score (MOS)
scale [16]. The new metric takes into account measure-
ment circumstances, i.e. network delay, therefore allows to
achieve more objective results of the service quality offered
by the service provider. Such an approach hasn’t been pre-
sented in the literature by now.

2. The Well-Known QoS Techniques for
Evaluating the WWW Service

Many approaches to evaluating IP-based services and
methods to evaluate the quality of the WWW service are
described in the relevant literature. In all these methods,
the time period between the user’s issuing a request and
the page loading time is used as a criterion of quality.
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A good example of such approach to quality assessment is
the Application Performance Index (Apdex) method [17].
It is an open standard, that allows measurable parameters of
the network, the services or the application’s performance
to be converted into one commonly understood factor.
The magnitude of this factor can be described as a value
on a scale of user satisfaction. The evaluation result, which
can have values between 0 and 1, can be calculated from:

Lt
Lz+ —

2

Ar = ——=, (1)
where: Ar — evaluation score according to Apdex, T —
maximum time of service “realization” (e.g. WWW page
opening time) which permits a service classification, in the
user’s opinion, as very good, Lz — number of users who are
satisfied with the service quality, Lt — number of users who
tolerate the service quality, Lw — total number of users in
the test.
The final result that is obtained using Eq. (1) depends
heavily on the threshold time 7. It is the value of the de-
lay which, in the user’s opinion, represents only a neg-
ligible reduction of service quality (Fig. 1). Thus, it can
be assumed that a Web page loading time of no longer
than 7 guarantees high user satisfaction of WWW service
operation.

Satisfaction Tolerance Frustration
zone zone zone
| 1 [
I 1 T '
0 T F=4T Time

Fig. 1. Threshold values for the Apdex method.

It is assumed that 4T is the upper limit of delay tolerated
by the user. In practice, this problem consists in fixing the
maximum value of 7' that will guarantee, in the user’s opin-
ion, a very good quality of service. When setting the value
of T for a specific service, observation of users’ behavior
can be very helpful. In other words, it can be assumed that
for the WWW service T is the maximum time which does
not distract the user’s attention from the service as a re-
sult of his waiting for an application response. For delays
longer than T that do not exceed F' = 4T, users will notice
a deterioration in the service quality, but they will toler-
ate it. Users’ evaluation is expressed on the five-degree
MOS scale and is inversely proportionate to the value of
delay. When delays exceed F = 4T, users no longer accept
the service quality.

In Recommendation G.1030 [10] the International Tele-
communication Union proposes a methodology of service
quality assessment in IP networks and presents a pre-
cise evaluation model which reveals the relationship be-
tween network performance measurement results and Web-
browsing user satisfaction.

User appraisal depends on several factors connected with,
among other things, the network itself, customer end-point
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equipment performance, the software used and the degree
of user-application interaction.

A WWW service quality evaluation model, based on user
opinion, was presented in an appendix to Rec. G.1030.
This model takes into account relationships between mea-
surable, i.e., objective, service operation factors such as
page response time and data download time and the user’s,
i.e. subjective, opinion.

The authors must stress the fact that Web page response
time is the dominant and objective quality factor for the
WWW service. On the other hand, the user’s evaluation
score is very subjective, and depends on different factors,
not least their experiences and expectations. Three time
scales (thresholds) have been specified which are connected
with the perceptual quality evaluation of the service that is
provided to the user:

e first threshold (0.1 s) — describes the optimum value
of interaction time between user and service. Within
this time period the user has the impression that the
service reacts immediately, i.e. without any delays.
This is very important for real-time services (conver-
sations, etc.);

e second threshold (1 s) — denotes the maximum ser-
vice reaction time that, although noticeable by the
user, does not lead to problems in service utilization.
This time does not interrupt service continuity;

e third threshold (10 s) — the maximum time that al-
lows a user to work with the application without any
distractions. Longer times are considered to be un-
acceptable. In such cases it is recommended that the
user be informed that additional delay is possible and
when an ongoing operation is expected to be com-
pleted.

It has been noticed that users who have been informed about
expected waiting time (e.g., for opening the web page) will
accept it more readily and even award a better mark for the
service operation.

An experiment was done which consisted of starting
a search engine, typing a given phrase and finding and
opening a suitable page (Fig. 2).

s = [k

Search engine
opening First Page
request ~ response  open
1 1 1

Search First Request
beginning response page open

LT—bLTJ T:e

T, T,

Fig. 2. Web page opening experiment times.

Users evaluating quality of the WWW service have been
divided into two categories: the first consists of profes-

51



Tadeus Uhl, Janusz Klink, and Pawel Bardowski

sionals, the second includes non-professionals, i.e., people
with little computer experience.

Evaluation results presented by the two categories have
similar trends though — the marks they awarded were in-
versely proportionate to the page opening delays. In long-
period observations, however, a significant difference be-
tween these groups has been observed. Non-professionals
tended to be more radical in their evaluations than profes-
sionals, who were relatively moderate. Non-professionals
gave much higher marks for short opening times of the Web
pages and very low marks for long delays. This WWW ser-
vice evaluation was conducted in three sessions, lasting 6 s,
15 s and 60 s, respectively. It was observed that the dif-
ference between the evaluation marks of the two groups
decreased as the delays became longer. For 60-second
sessions the correlation between page opening times and
users’ subjective evaluation marks exceeded 0.95 in both
groups.

In both methods mentioned above quality of service evalu-
ation consists of determining suitable metrics. This will re-
veal a relationship between network performance, customer
end-point equipment and applications parameters described
by so-called intrinsic QoS with the quality that is experi-
enced by the customer i.e. Quality of Experience (QoE).

In both cases the Web page opening time was the main
parameter that was measured and assessed. Such metrics
permit an evaluation of quality of the service which is de-
livered within a given time and environment. They rather
describe facts (QoS/QoE) without searching for the rea-
sons. That is why these methods are not suitable for the
benchmarking of different ISP WWW services made by
measurement staff located at various network destinations.
Final evaluation marks are strongly influenced, among other
things, by data transfer delay which depends on the through-
put of the Internet access line which is used in a specific
locality. Measurements performed at different destinations
can therefore yield conflicting results. That is why the au-
thors of this paper decided to introduce a new metric, called
“Power”, which can extract each element responsible for the
delays caused by Internet user access.

3. The Real Environment

Figure 3 shows the real environment used in the analysis of
QoS in WWW services. This environment consists of two
end systems that are capable of establishing connections
either to the WWW test server or to other WWW servers
in the Internet and then measuring delays that occur in the
course of the communication using the protocol analyser
Wireshark. The used in this analysis environment is capable
of emulating impairment parameters such as network delay,
jitter, and packet losses. So it is quite easy to pick out
each parameter and analyse its effect on QoS and QoE.
The WWW test server is supplied with several, statically
composed pages that contain different types of information.
The time that elapses between the initiation of the call-
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up and the actual appearance of the pages on the screen
is measured discretely. These time lapses are then used
to determine objectively the quality of the WWW service.
End users will appraise quality subjectively as QoE.

WWW server
(in the Internet)

Wanulator WWW test server

WWW client
with measuring tool

Ve

WWW client

Fig. 3. The real environment.

The first measurements were designed to shed light on
processes in operation during communication using the
WWW service. To that end the cache of the client’s
Internet browser was erased and then the Web page
www.facebook.com was called up. The packets, logged by
the protocol analyser Wireshark, were then analysed. In the
recorded sessions there were two distinct phases: (1) con-
nection establishment and (2) data transfer. The time span
in phase 1 contains, among other things, the additional de-
lay which the server itself causes. It can be defined as
the difference between the point in time at which the Web
page was called and the point in time at which the first data
packet called from the server actually arrives at the client.
The second time span corresponds to the transfer time for
all data needed for the display of the Web page. It is called
“data delay” and can be defined as the difference between
the point in time at which the first data packet arrives and
the point in time at which the Web page is completely
built up.

It can be seen from Fig. 4 that in phase 1 of communication
to the server 176 frames with a total volume of 17,899 bytes
were transferred. This phase lasted about 2 seconds. So
the transmission rate must have been around 71 kb/s, as
confirmed by the information in Fig. 4.

Figure 5 shows that in phase 2 of the communication
283 frames with a total volume of 369,504 bytes were re-
ceived from the server. This phase lasted about 1.8 s. So the
transmission rate here must have been around 1.69 Mb/s,
which is also confirmed by the information contained in
Fig. 5.

It is already clear that the relationship between the time
spans in phases 1 and 2 will have a decisive influence on
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Fig. 4. Statistics from phase 1 during a WWW session.
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Fig. 5. The real environment.

QoS values for the WWW service. It is to be expected
that increases in additional delay and data delay will lead
to a deterioration of QoS and QoE values. For this reason
any new model for measuring QoS in the WWW service
must take these times into consideration at all costs. One
approach will be described in the following chapter.

4. Power — a New Metric for QoS in the
WWW Service

In Section 3 it was shown that delay and throughput are two
of the most significant impairment parameters in a network.
Consequently, any new metric must take them into consid-
eration. With that in mind, the new metric, called Power,
that is defined in terms of Eq. (2), was created.

1
(04
14—
+ddr

P= -100%, 2)

where: « — delay coefficient defined by

0 for

for

ta <ty
g >ty

o =
Ig—1p

ddr — download data rate [Mb/s], t; — total delay [s],
t;, — threshold of delay [s].

It is obvious that both the download data rate and the total
delay, defined by the time lapse between the point in time at
which the session begins and the point in time at which the
Web page is completely built up, depend on the throughput
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of the transmission channel used. But they also depend on
the locality of the WWW server, its level of activity, on the
content of the Web pages being accessed, and whether that
content is static or dynamic. Total delay can therefore vary
within a considerable range. The new metric Power takes
that into account.

In order to use the values defined in Eq. (2) in practice,
it is necessary to measure each of those values properly.
“Threshold” is a subjective value dependent on the judg-
ment of the end user. It represents the time span which he
considers acceptable for the building up of the Web page.
Analyses have shown that this value is a matter of seconds
in practice. The first calculations demonstrate clearly how
the new metric works. Figures 6-9 present the results.

10 15 20 25

Total delay [s]

3.0 35

~-1,=025s -m-1,=05s ~4-1,=0.75s

Fig. 6. Power as a function of total delay and a download data
rate of 1 Mb/s.

Figures 6 and 7 show that — at a constant threshold of
delay — increases in the download data rate lead to a gradual
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Fig. 7. Power as a function of total delay and a download data
rate of 5 Mb/s.

deterioration in the values delivered by the Power metric,
which is, after all, only understandable. It shows that values
from the Power metric must be interpreted in tandem with
download data rate values. This is because performance
levels depend not only on the volume of traffic that the
Internet provider is having to handle but also on the so-
called last-mile bandwidth availability. This means that
the new metric stands a good chance of being accepted by
Internet providers and end users alike.
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Total delay [s]
—— DLR=1Mb/s -@- DLR=3Mb/s -4« DLR=35Mb/s

Fig. 8. Power as a function of total delay and various download
data rates for a threshold of 0.25 s.
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Fig. 9. Power as a function of total delay and various download
data rates for a threshold of 0.75 s.

Figures 8 and 9 show that the curves progress quite simi-
larly, the only difference being that the drop in the curves
occurs later as a function of the increasing values of
threshold. This fact confirms that the new metric, though
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a function of the subjective entity threshold, can justifiably
be considered to be objective. So the practical spin-offs of
the new metric can be appreciated here, too.

To demonstrate the effect of the new metric in a practical
environment, Eq. (2) was integrated into a suitable mea-
surement tool. The tool was implemented in the clients
from Fig. 3. Pages from www.facebook.com were called
up in this real environment. The chief impairment param-
eters of the network were emulated using Wanulator from
Fig. 3. Examples of measurements series of the WWW
service QoS are presented in Figs. 10-12.

Figures 10 and 11 show that as jitter increases, the total
delay increases as well whilst the download data rate de-
creases. This was perhaps to be expected. The steadily
increasing variations in packet arrival times are the cause.
It is also evident from Fig. 12 that the metric Apdex falls

1600
1400

1200 //‘
1000

600
400
200

Total delay [ms]

0 50 100 150 200 250 300 350
Jitter [ms]

Fi

&

. 10. Total delay as a function of jitter.

Download data rate [Mb/s]
=)
(o]

0 50 100 150 200 250 300 350
Jitter [ms]

Fig. 11. Download data rate as a function of jitter.

1.2
1.0
0.8
0.6
0.4 - 1
0.2

Power/Apdex

0 50 100 150 200 250 300 350
Jitter [ms]

—— Power -m® Apdex

Fig. 12. Power values and Apdex values as a function of jitter
for a threshold of 1 s.
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abruptly as soon as the threshold is exceeded. The curve
of the metric Power, on the other hand, is, if anything, ex-
ponential and therefore flatter, and reflects subjective judg-
ments more faithfully (see too Section 5). Now this really
does speak in favor of the new QoS measuring technique
Power.

5. Subjective QoS Measurement
in a Real Environment

After introducing the Power metric, as an objective measure
of WWW service quality, a series of Web page opening
time measurements was performed in order to verify the
usefulness of the metric in real network situations. Mea-
surements were conducted in the LAN shown in the con-
figuration in Fig. 13.

WWW client
with measuring tool

Wanulator WWW test server

Fig. 13. Test bed for WWW service evaluation in experimental
LAN.

A static Web page was launched on the test server. The
content of this page was prepared according to ETSI ref-
erence page requirements [18]. The page was opened on
a user PC (WWW client with special measurement tool).
Additionally, Wireshark software installed on the client
was used to capture IP packet streams and to register
the times required by the Power metric for its calcula-
tions (Fig. 14).

<

Page opening First

1|
|l

Finish of page

request data received loading process

L 1 1

I T T )
0 T, T, Time

Fig. 14. Times captured during the experiment.

T; is the time needed by the server to respond to a re-
quest sent by the user who wishes to open the web page.
T, denotes the time at which page opening is complete.
Both times are random variables which can have quite dif-
ferent values for individual specific reference page opening
attempts due to variations in test server activity and net-
work load. As mentioned above, network delay was varied
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throughout the course of the experiment using an emulator
called Wanulator.

The total Web page opening time, which is registered at
the user side and denoted as T3, plays a crucial role in the
subjective evaluation of WWW service quality (QoE). It
is the value #; in the Power metric. Figure 15 shows the
page opening time distribution.

0.8
0.7
0.6
0.5
0.4

7

03

0.2 j// i
5

Probability

.
g

0 5

20 25 30
Page opening time [s]

Fig. 15. WWW page opening time distribution.

Users taking part in the experiment gave their subjective
mark (QoE) for the WWW service quality in the range from
1 to 5 on the MOS scale. Registered 7> values were used
to calculate objective marks (QoS) on the scale between 0
and 1. The test group consisted of over 30 persons with
whom more than 1000 test measurements were conducted.
In the next step the statistical analysis was performed. Fig-
ures 16 and 17 present the results obtained. As could be
expected (see Fig. 16), subjective evaluation of the WWW
service, as provided by the users, is inversely proportionate
to Web page opening times.

5.0
4.5

4.0

3.5 .

3.0 .

T T

2.5

User’s grade [MOS]

2.0

AT
AT THTHTITIRRY

B

st

15 .

1.0

5 10 15 20 25 30
T, (total delay) [s]

Fig. 16. Subjective evaluation of WWW page opening time in
MOS scale.

Very interesting is the fact that measurement results con-
cur with those presented in [10], where it is stated that for
opening times under 2 s users are willing to award very
high marks for the service (MOS = 5) whilst the lowest
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marks (MOS = 1) are given when opening times are 8 s
and more. Obviously, it should be noted that in individual
cases this evaluation mark may differ widely. It is there-
fore recommendable to involve large number of users and
repetitions in such measurements. Careful statistical anal-
ysis of the collected data enhances the evaluation process
accuracy. Figure 16 shows that people taking part in the
evaluation test were quite critical with regard to the ser-
vice under analysis. A rapid decrease in the quality can be
observed for the Web page opening times exceeding 5 s.
Confirmation of such user behavior can be found in the
analysis results presented by ITU-T in Rec. G.1030 [10]
mentioned above for which tests also involved non-pro-
fessional users. The experiments conducted by the authors
of this paper also involved test persons who can be con-
sidered to be members of the group of non-professionals.
Consequently, the results that were obtained are very
similar.

Analysis of the results presented in Fig. 16 leads to the
conclusion that users had a considerable problem with eval-
uation of relatively short web page opening times, i.e., be-
tween 0 and 5 s. The average mark is approximately 3.8,
but a very high degree of deviation can be observed with
marks ranging from 2.6 to very nearly 5. Average evaluation
marks for Web page opening times in the range of 5 to 10 s
and 10 to 15 s are at comparable levels, but the high value
of standard deviation is due to a big uncertainty, especially
for longer opening times, i.e., above 10 s. As is known
from former experiments, discussed in literature, these are
the times at which many users begin to consider whether
waiting for the page to open makes sense, and very many
of them resign. For longer page opening times (15 to 25 s)
user’s marks were significantly lower and, what is inter-
esting, standard deviation of these values was also lower.
From this it can be construed that users became much more
certain of their judgments. Users had the least problem
making their decision when page opening times were very
long, i.e., more than 25 s. Almost all of them gave the low-
est mark (MOS = 1) and standard deviation of the values
was very low.

1.2

1.0
08
0 0.6
&

0.4

0.2 &

0
. .
5 10 15 20 25 30

T, (total delay) [s]

Fig. 17. Subjective evaluation of WWW page opening time in
the Power metric for a threshold value of 1 s.
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It has been proved that most subjective methods of quality
assessment (QoE) are lab-intensive and time-consuming.
Objective methods and metrics are therefore an interesting
alternative. One such proposal is the new Power metric,
discussed in the paper, which was used for QoS assessment
in the test system here. Results of these experiments are
shown in the Fig. 17.

It is noticeable that the relationship between Web page
opening times and quality evaluation marks has an ex-
ponential character. Power value in the range between 0
and 1 (1 denotes MOS = 5) is inversely proportionate
to these (measured) times. It is evident that the curve is
more regular than that of the QoE results presented in
Figs. 16 and 17. In other words: it shows more clearly
the time-quality relationship. It is equally evident that
disparity of the results is far lower, which indicates a more
invariable, more dependable and — for a given environ-
ment and circumstances — repeatable WWW service quality
evaluation.

6. Summary and Outlook

Determining the QoS of the WWW service has been the
main topic of this paper. To begin with, the currently most
commonly used methods of measuring QoS in the WWW
service were presented. Following that, a new metric called
Power that has been designed for this purpose was defined
and explained. The metric is based on the main impair-
ment parameters in a network, i.e. delay and throughput. It
also takes account of the subjective parameter at the user’s
end, i.e. threshold of delay. The experiments that were
conducted in the course of this work and described in this
paper have confirmed that the new metric works in practice.
The new QoS measuring technique is easy to implement.
That is also a practical bonus. It delivers irrefutable and
reproducible results in a real environment; subjective QoS
measuring methods cannot. They are time-consuming and
expensive to boot, and not much good in practice.

In the course of the work described in this paper the new
QoS metric was used in conjunction with simple Web pages
using the Hypertext Transfer Protocol (HTTP). Further
measurements conducted in the real environment shown in
Fig. 3 (using the Internet) have revealed that the latest Web
pages often contain dynamic elements and their content is
often geographically dispersed over several servers. Hyper-
text Transfer Protocol Secure (HTTPS) is being used more
and more widely for this type of communication. The main
impetus behind further work is the inclusion of all these
aspects to prove the reliability of the new Power metric.
Preliminary results have been very encouraging and pro-
vide ample motivation for further analyses and advances in
this direction.

The paper is a modified and extended version of the
paper [19] from the 29th National Telecommunications
and Teleinformatics Symposium, Gdarsk, Poland, Septem-
ber 2013.
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