. LATVIAN JOURNAL OF PHYSICS
s S Cl e N d O AND TECHNICAL SCIENCES

2018,N 3

DOI: 10.2478/Ipts-2018-0022

ELECTRONIC COMMUNICATION

MATHEMATICAL ALGORITHM FOR PROCESSING MEASUREMENT
RESULTS OF INTERNET ACCESS SERVICE IN THE SCOPE OF NET
NEUTRALITY

I. Smirnova, E. Lipenbergs, V. Bobrovs

Department of Telecommunications, Riga Technical University,
1 Kalku Str., Riga, LV-1658, LATVIA
inga.smirnova@sprk.gov.lv

Since Regulation (EU) 2015/2120 of the European Parliament and of
the Council came into force, Internet service providers have to fulfill various
additional requirements in order to guarantee access to the open internet and
provide transparent information to the end-users. Of the utmost importance is
to ensure achievable, meaningful and comparable results of the internet quality
indicators, particularly upload and download speed values. Regulation (EU)
2015/2120 stipulates that specific speeds should be indicated in the contracts:
for fixed internet access service those are maximum, minimum, normally avail-
able and advertised speed and for mobile internet access service — estimated
maximum and advertised speed. However, there are no common methods put
in place to calculate required speed indicators that can lead to a large amount
of noncomparable and unreviewable information and create difficulties for in-
ternet providers to describe quality indicators. Within the framework of the
present research, a mathematical estimation algorithm has been elaborated and
applied in order to ensure that required quality parameters are represented ob-
jectively and that they are intercomparable among different internet service
providers. Unified calculation principle would foster end-user awareness of
the meaning of quality indicators and also of the quality of received internet
services. It would also facilitate the indication of the required information for
internet service providers.
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1. INTRODUCTION

It is important to find a golden mean between user awareness and internet
providers’ ability to always ensure once indicated quality. What if sometimes a speed
value is lower than specified minimum, or does not correspond to normally avail-
able, or it is several megabits per second lower than indicated maximum? Where is
the borderline of acceptable noncompliance; and in which cases can an end-user take
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advantage of some little discrepancy? Wouldn’t it force internet providers to specify
lower quality indicators just in case? And wouldn’t it in the end badly influence in-
ternet providers’ businesses and give incomprehensible information to the end-users.
The aim of the present research is to find an objective and equitable method for
calculating the required speed values and implementing measurement processing al-
gorithm that would be optimised for specific technology but at the same time would
give the most comparable result and would be unified as much as possible in order to
represent comparable data among various internet providers [6].

To compare quality parameter values among different internet service provi-
ders, as well as provide meaningful information to the end-users and reflect a realistic
situation, some mathematical calculations should be implemented.

2. PRACTICAL MEASUREMENTS

To examine the best interpretation of speed parameter weight and find out the
most unified approach in value acquisition, measurements have been conducted both
for mobile and for fixed internet access services. Measurements have been performed
during twenty-four hours in a one-week period. The frequency of the measurements
has been approximately ten minutes [4], [5]. Though the Regulation does not require
mobile internet service providers to indicate minimum and normally available speed
values [2], [3], in the present research it has been assumed as a necessity to broaden
end-users’ understanding of common and possible minimum speed values.

Within the framework of the research, various speed tests have been per-
formed in different types of internet networks; they all have shown a correlation
between speed values during the day and internet technology (e.g., ADSL techno-
logy has stable but low speed values, Fiber — rather stable and high, Mobile — rather
unstable that varies from low to high). In the research, measurements of two types of
internet technologies have been studied: FTTH (Fiber to the Home) and 4G (fourth
generation) mobile.

A. Fixed Internet Measurements

Download speed, Mbit/s

Number of measurements

Fig. 1. Scatterplot of download speed distribution during the measurement
period in the fixed network.
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Analysing measurement results of fixed internet access service, the stability
of speed can be observed. Speed fluctuations mostly appear during peak hours, al-
though the drop of the speed is not significant. Only few measurements show values
that are lower than 60 Mbits/s. The advertised maximum speed of this fixed internet
test connection is 100 Mbits/s.

B. Mobile Internet Measurements
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Fig. 2. Scatterplot of download speed distribution during the measurement
period in the mobile network.

Analysing measurement results of mobile internet access service, it can be
observed that speed is unstable during the day: it increases and decreases depending
on the time of the day and varies from low to high in a wide range.

Quasiperiodicity of the download speed variation both in fixed and mobile
networks can be explained by the end user’s activity on the internet. Download speed
lowers during the peak hours, particularly during the second half of the day and in
the evenings when many end-users use the internet. Figures 1 and 2 show the down-
load speed value of each measurement and represent the dynamics of its variation
in time.

Although fixed and mobile internet speed values differ a lot, to give a compre-
hensible information to the end users and obtain a unified calculation approach for
internet providers, it has been decided to apply a uniform calculation method both
for fixed and for mobile internet access services.

3. CALCULATION OF THE SPEED VALUES

To observe the speed value distribution during the day, histograms have been
made. These histograms show how often specific speed values occur during the day.
The difference between the fixed and mobile internet is evident; they also have a
non-normal distribution. Analysing the obtained results and evaluating the required
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target, it can be stated that although value distribution differs, the common calcula-
tion methods can be applied.
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Fig. 3. Histogram of download speed values during the day in the fixed network.

shown in Table 1.

The calculated download speed indicators of fixed internet access service are

Table 1
Download Speed Values of the Fixed Internet
Aver- | Average
Stan-
Maxi- Mini- Lower | Upper dard age + -stan- | Lower | Upper
mum mum limit of | limit of | Average | Median devia- standard | dard limit of | limit of
95 % 95 % tion devia- | devia- 68 % 68 %
tion tion
94.68 1.62 94.64 63.95 88.91 93.42 9.65 98.57 79.26 94.47 82.56
Normally available 68%
|
6% - ! !
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of 95% ' Median i of 95%
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speed) = — ! speed)
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Download speed, Mbits/s

Fig. 4. Histogram of download speed values during the day in the mobile network.
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The calculated download speed indicators of mobile internet access service
are shown in Table 2.

Table 2
Download Speed Values of the Mobile Internet
Aver- | Average
Stan-
Maxi- Mini- Lower | Upper dard age + -stan- | Lower | Upper
mum mum limit of | limit of | Average | Median devia- standard | dard | limitof | limit of
N Y 95% | 95% i devia- | devia- | 68% | 68%

tion . .
tion tion

98.66 1.17 70.96 10.61 37.69 37.15 16.44 54.13 21.25 54.85 20.32

To avoid influence of some random values that occur rarely and do not re-
flect the overall situation, some confidence threshold should be determined. Fixed
internet measurement results show that a majority of speed values are situated near
the maximum value, whereas measured minimum values are distributed in the wide
value range. Though they might occur, it happens rarely and does not influence the
provided quality of service. Analogous situation takes place with the mobile inter-
net; though the values are distributed in a wider range, the lowest and highest values
occur rarely; thus, they do not give a realistic view on a minimum and maximum
value. Therefore, to describe a realistic situation, it is advised to define a lower limit
of value that would indicate an objective minimum value.

Analysing measurement results, it can be observed that values outside 95 %
of measurements appear most rarely; therefore, to discard non-common values and
avoid their influence on the result it is advised to cut 2.5 % values of the highest and
lowest measurement values.

Figure 3 shows that in the fixed internet an average download speed value
differs from median, and though more than a half of measurements (58 %) are in the
range of 94 Mbit/s to 96 Mbit/s, the other half (42 %) are widely distributed with
lower values.

On the contrary, in the mobile internet (Fig. 4) an average speed value and
median are almost the same, but quite a large number of values are higher than the
average; thus, for an end-user it does not give an overall notion of speed values that
can be achieved during the use of the internet access service.

Taking it into account, some more descriptive methods to indicate normally
available speed should be established rather than determining only one speed value.
In the present research, it has been decided to indicate normally available speed
in the speed range. Normally available speed should be achievable sufficiently of-
ten during the day. However, one should consider a reasonable deviation from the
indicated value that can occur at specific times of the day, e.g., at peak hours, dur-
ing congestions etc. To determine an adequate proportion when defining normally
available speed values, some mathematical algorithms should be put in place. In the
research, it has been decided to apply an empirical rule to the distribution of speed
values in order to establish the most unified approach that would be applicable for
different internet access technologies. The empirical rule states that in normal distri-
bution 68 % of values are situated in the range of one standard deviation [1]. For the
reason that measured speed distributions might differ from a normal distribution (as
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observed during the research, see Figs. 3 and 4) as well to facilitate calculations for
internet service providers and implement a unified calculation approach, instead of
calculation of standard deviation, it has been suggested to generalise the calculations
and estimate 68 % of values that are evenly distributed approximately around ave-
rage value. For this reason, 16 % of the range of the highest and lowest measurement
values has been cut. Thereby it is considered that normally available speed is a speed
that is distributed in 68 % range of measurements performed during the day.

4. CONCLUSION

Determining the unified approach among internet providers gives a possibility
to compare them and better understand the quality indicators. Due to the differences
in technologies and achievable quality values, it is impossible to apply a completely
universal approach. However, to get the information on realistic quality indicators
and raise users’ awareness of speed values they can achieve, a unified calculation
algorithm should be implemented. The unified approach will serve as a method to
gain comparable data, thus giving to public the meaningful information on different
internet service providers. Indication of a normally available speed in the range gives
a better insight of achievable speed values. It also provides flexibility to internet
service providers to describe speed indicators, as well as safeguards them from end-
users misusing a noncompliance with the indicated value that can sometimes occur by
withdrawing from contract or claiming for indemnification. Representing normally
available speed in the range gives end-users an understanding that the internet speed
depends on several factors and normally available speed can vary in time.
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INTERNETA PIEKLUVES PAKALPOJUMA MERIJUMU
REZULTATU APSTRADES MATEMATISKAIS ALGORITMS
TIKLA NEITRALITATES JOMA.

[.Smirnova, E.Lipenbergs, V.Bobrovs
Kopsavilkums

Kops Eiropas Parlamenta un Padomes Regula (ES) 2015/2120 stajas speka, in-
terneta pakalpojuma sniedz&jiem jaievero vairakas papildu prasibas, lai nodroSinatu
piekluvi atvértam internetam un sniegtu galalietotajiem caurskatamu informaciju.
Visbiitiskakais ir sniegt jeégpilnu un salidzinamu informaciju par sasniedzamiem in-
terneta kvalitates raditajiem, jo 1pasi par lejupielades un augSupielades atrumiem.
Regula (ES) 2015/2120 nosaka, kadus piesléguma atruma raditajus interneta pak-
alpojuma sniedzgjiem ir janorada ligumos ar galalietotaju, t.i.: fiks€tam interneta
piekluves pakalpojumam janorada maksimalais, minimalais, parasti pieejamais
un reklamétais atrums, savukart mobilam interneta piekluves pakalpojumam —
paredzamais maksimalais un reklamétais atrums. Tomér kop&jas metodes atrumu
raditaju aprékinam nav noteiktas, Iidz ar to, iesp&jams, radot neparskatamas un
nesalidzinamas informacijas daudzumu, ka ari radot griitibas interneta pakalpoju-
ma sniedz&jiem atspogulot kvalitates raditajus. Petijuma tika atrasts un piemérots
matematisks aprékinu algoritms, ar kura palidzibu noradamas lejupielades atruma
kvalitates vertibas butu objektivi atspogulotas un savstarp&ji salidzinamas starp
dazadiem pakalpojuma sniedzgjiem. Vienots aprékinu princips veicinatu lietotaju
izpratni par veértibu nozimi un sanemta pakalpojuma kvalitati, ka arT atvieglotu inter-
neta pakalpojuma sniedzgjiem minétas informacijas noradisanu.

16.02.2018.
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