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Executive Summary

The Polish telecommunication company TP SA provides
diversified services for alternative operators (ADhe quality of
these services is measured periodically using thealled Key
Performance Indicators (KPI).

There are more than 500 alternative operators ardifferent KPIs
that measure the quality of services. The Office Btdctronic
Communications (UKE) receives periodic reportsgach operator
with specific data which can be arranged in ondetabhis table
has a lot of cells that are not filled and its stowe may differ in
time, which poses the problem of how to comparermitive
operators and indicate eventual discrimination.pBsed was the
concept of defining discrimination. This approaslbased on some
additional parameters, which were determined, hewehey have
not been collected so far.

The main challenge was to design aggregated iradcateasuring
the quality of services rendered by the wholesale
telecommunication operator to alternative operafbhng indicators
must be comparable, i.e. they should indicate wdresome AOs
are favoured or discriminated.

As a result, two different methods of computing regated
indicators were proposed. The first one, PrinciG@mponent
Analysis, is based on the reduction of data dinmmswhich
facilitates further analysis. It shows whether soh@s are treated
in a different way, when compared with others. Thigy indicate
discrimination.

The second method aggregates all values of KPIsassigns a real
number to each alternative operator. Subsequerdlykings of
AOs treatment can be set up. This method enablestdmn of a
discriminated operator and was tested in simulation
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1 Introduction

1.1 Background

(1.1.1) For historical reasons, the Polish telecomication company TP SA has always had
a dominant position in the Polish telecoms markitis monopolistic situation
hindered development of the telecommunication nmarkéoland, which resulted in
relatively high prices and a low quality of senace

(1.1.2) The regulatory activities for the telecorarket in Poland are provided by the Office
of Electronic Communications (UKE). After many cdaipts and reports about
monopolistic practices of TP SA, UKE imposed in 2@ agreement between UKE,
alternative operators (AOs) and TP SA. The TP-Wdadkr (TPW), operating within
the structure of TP SA, should secure an equalsacaed the same level of wholesale
service to all alternative operators (independerdsoas well as those related to TP
SA).

(1.1.3) In order to check if the agreement is lieldi properly, a set of quantitative indicators
(Key Performance Indicators — KPIs) was definedrmeasure the quality/level of
various aspects of provided services [1]. In paléiG this shall enable UKE to control
whether some of AOs are favoured or discriminatgthe TPW.

(1.1.4) UKE receives values of KPIs (over 60) feery AO (about 500) for each defined
time period. Obtained data can be collected int® table. The problem arises due to
the fact that some cells in the table may be enipdydata available). Additionally,
dimension and structure of the table may vary betweeriods. Thus, there is
a problem of how to interpret data properly.

1.2 Problem description
(1.2.1) Specification of input data

KPIs are of various types (usually integers and@etages) and ranges.

AOs choose different subsets of services offeretheyTPW. Thus, some KPIs may
not be defined for a given AO.

Some KPIs may be indefinite for certain reportirgipds, although services related to
these KPIs are provided (e.g. because of the ladata).

The set of KPIs for individual AOs may vary for wars reporting periods (e.qg.
because some services are added or withdrawn frerofter of TPW).

The set of indefinite KPIs for a given AO may bdfatient for various reporting
periods (e.g. because the AO starts or stops 8simg services).

(1.2.2)Main challenge

The main aim was a construction of aggregated atdis that measure the level of
service rendered by TPW to AOs on the basis oftétide with KPIs. Proposed
indicators must be comparable, which means that sheuld indicate whether some
AOs are favoured or discriminated.

(1.2.3)Secondary challenge
Aggregated indicators should allow comparing betwssveral reporting periods.
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1.3 Problem of discrimination
(1.3.1) The following possibilities of eventual clisnination are considered:

1. Having data for operatofs andB, one can deduce that operafors discriminated
when compared with operatBr

2. Having data for one operator, it can be stateether it is discriminated or not.

3. With reference to the real number, which is atpot variable characteristic for an
individual operator, one can decide which operetaliscriminated.

The third option seems to be the most promisingnvtiealing with the presented
problem.

(1.3.2)Proposal for evaluation of discrimination
The current set of KPIs should be extended andlédinto the following groups:
1. Incumbent’s preference

This group of KPIs is characterised by the aggesyjgiarameterP1. The group
consists of the 63 given KPIs. Parame®drmeasures the level of service rendered by
the Incumbent to an alternative operator.

The aggregated parameted calculated for particular AO shows whether this A0
favoured or discriminated in comparison to anoth@c

2. Operator’s quality

This group of KPIs is characterised by the aggeshgtarametePz. KPIs for this
group are not defined at this moment. These KRdsaalditional to the existing 63
KPIs and can be collected from AOs or open inforomati resources. They
characterise the quality of work of each AO.

Definition of discrimination

OperatorA is discriminated in the market if opera®ris such thatP1(A)< P1(B) —
Incumbent renders lower service to oper#&adhan to operatoB and P2(A)> P2(B)
— operatolA provides higher quality service than operdor

2 Proposed methods for evaluation of aggregated
indicators

(2.0.1) Proposed are two methods for evaluaticeggiegated indicators and identification of
discriminated alternative operators.

Thanks to the result of computations by means efgitoposed methods, we have
obtained an ordered list of operators.

The existence of some linear ordering in the saiparators does not reveal whether
operators are discriminated.

Differences between (aggregated) KPIs may resuth fsimple statistical fluctuations
or inaccuracies in measurements of the KPIs. Ansgethe question if there is
discrimination or not requires tools which allowstiliguishing between the
differences in values of (aggregated) KPIs comiramf random fluctuations from
those indicating unfair treatment.
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Methods of aggregation of the KPIs generate opesatvhich are suspected to be
discriminated if the values of aggregated KPIsedif§ignificantly from the mean
value. These operators are called outliers.

Having the set of outliers one should answer thestjon if AO is discriminated or not
by formulating, on a given level of confidence,tatistical hypothesis concerning the
extent to which being an outlier can be a randatissical fluctuation.

2.1 Principal Component Analysis (PCA)
Theoretical background

(2.1.1) Theoretical introduction for the PCA debed below is based on [2], [3] and [4].

Theoretically, the PCA is the optimal linear schemeterms of a least mean square
error, for compressing a set of high dimensionaltames into a set represented by
vectors of a relatively lower dimension.

This is anon-parametricanalysis and the answer is bathiqueandno assumptions
about data probability distributions are made. Neapte assessment is required and
the first principal component has the highest vama among all components.
However, one should be aware of the fact that sompertant information can be lost
when using the PCA method.

(2.1.2) Let X =(Xij) be a matrix of a dimension afx p where rowi represents theth
observation (alternative operator) as a vector (xil,---,xip)l. The PCA approach
consists of a set of projections (with a set ofibagctorsa,,---,a,10) of the

multivariate data, which are mutually uncorrelat®od ordered in variance. The
following properties of projections are postulated, :

1. lengths of vectors; are equal to 1,

2. vector a, defines such a direction that projectiom$x,---,aXx, have the
largest variance, vectoa, defines an orthogonal vector that explains the
remaining portion of the variance etc. Vectyris called also thgth loading
and is calculated as an eigenvector for the coweeiariance matrix of
a samplé S corresponding to thieth largest eigenvalug ; of this matrix. The
eigenvalue/; is equal to a variance within the samge,, -, ax,. Value

y; = ax is thej-th principal component of vector .

Standarization of KPIs

(2.1.3) Due to their diversification KPIs must barslardized. In the PCA method all KPIs
were standardized to a zero mean and a standandtidavof 1. Thus, thg-th
standardized attribute for ti¢h operator is equal to:

1 X' is a transposition of vectox .
Zinput data in our case.
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.. i _kp|
cpii = KPI" ~KPI W
g

KPI

where KPI!' and O are mean and standard deviation of fhh attribute

KPI!
respectively for all non-missing valuesu(l values were not taken into account). After
the standardization, all missing values are sulistit with zeros. This strategy may
not seem to be prudent at first. However, it isectr for both statistical properties of
the PCA, as well as the order of standardizatiahdata imputation. Indeed, thanks to
these operations, standard deviations of attribwidis a relatively higher number of
missing values decrease, which results in loweront@mce of respective KPI while
using the PCA It should be noted that KPIs with zero deviationsinbe excluded
from the analysis, because they do not providei@ioymation about discrimination.

2.2 Function method
(2.2.0) Notation

Let:

| - set of KPIs indexes,

0-— an alternative operator,

D(o) O | - set of definite attributes for an operatoy

D’(0) O D(0) - set of definite comparable attributes for anraps o,
xOD'(0) = xOD(o) CCo' 20 xOD(0'),

i —an index of KPI,

r,(0) - position of an operatoo among the values of thieth KPI sorted non-
decreasingly.

Standarization of KPIs

(2.2.1) In the proposed method, the set of KPIglivsded into the following four
groups:

A — KPIs with reference value equal to 1,

B — KPIs which are average numbers of specific event of one hundred
events and their reference value is equal to O,

C — KPIs with values expressed in hours,
D — remaining KPIs with reference value equal to O.

(2.2.2) During the proposed process of standacdmati

» Values of KPIs from thé group are not changed.

® Note that this method "prefers" attributes eximilgjthigher dispersion.
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* Values of KPIs from theB group are standardized with use of the following
formula:

val(o,i)=1—%, (2)

whereval’' ¢ j ) is value of the-th KPI for the operatoo before standardization and
val(o,i) is its value afterwards.

* KPIs from theC group are standardized as follows:

valo,iy =—a @) __ (3)
maxgal’(o,1))
where the maximum value is taken over all AOs, Wwhiave the-th KPI.
* KPIs from theD group are standardized with formula given below:
val(o,i) =1-val'(o,i). (4)

Aggregated indicator F(0)

(2.2.3) The first proposition for the aggregatedicator is given by the following
function:

SR |
F(o) = 56 )IIDDZ(O)(va(o A) =), 5)

with the mean valug, for thei-th KPI.

It assigns a real number to each AO, which is tleasure of potential discrimination.
The negative value of the indicator can be intdgat@s discrimination in comparison
to the mean value of service quality measured bigKP

The indicator is normalized with respect to the bemof KPIs that is definite for
a given operator to ensure that its value for AGh wifferent number of definite
KPlIs is comparable.

Aggregated indicator Ord(0)
(2.2.4) The second proposal for the aggregatedanali is given by the following function:

1 r(o,1)
Ord(0) =15 0)], 2, O() -1 ©)

10
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Consider a single indicatoKPI,. Suppose that the operatorprovides a service
which is measured by thi&PI, and O () is the mean value of thi&PI, for all
considered operators. The ranking of operators tdugiven KPI, is obtained by
sorting in descending order with respect to K¥l, values for all operators which
provide the same service (hnumbering from 0). Tfei value is the number on the

r(,i)

sorted list and the ratieo— is the fraction of the number of operators witbajer

-1
(lower) KPI, value to the number of all operators for which tieen KPI, is

defined. Information concerning the group of operatthat was treated better (or
worse) is obtained after computing the averageevad. Eq. (6).

(2.2.5) The higher value @rd o(, Jhe greater discrimination of the operator

3

If KPIs values are equal for all operators, ti@ml (o) = foBevery operator.
If all operators are treated in a similar w&rd o ghould be relatively small.

Implementation

(3.0.1) Implementation of the proposed methodescdbed in this section.

3.1

Computations are based on the real values of KBihs the periodic report delivered
by a representative of UKE.

Implementation of the PCA

(3.1.1) The outcome of the analysis takes the fofnprincipal components. Presented in

Fig. 1, the two first principal components have lighest contribution to the variance
of the data (over 70%, c.f. Fig. 2). Values of theee major principal components for
thei-th operator can be calculated in a following way:

PC' =-091KPI,,, = 032KPI,,, = 015KPI, ,; + O1KPI,  + R (7)
PC' = -0997KPI, ,; +R" (8)
PC" =-0997KPI,,, + R" ©)

where:

KPI, 5 - punctuality of invoicing,
KPI,,, - punctuality of replying to a ROI query,
KPI, s - indicator for correctness of information giveynthe Incumbent through ISI,

see [1],
KPI, ;s - average time of executing orders for Internetises.

These particular KPIs and respective coefficierdsewchosen by the PCA.

11
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Figure 1. Variance contributions for each principamponent.
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Figure 2. Cumulative proportion of variance.
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R quantities are parts of Eq. (7-9) which have atietly small impact on the value

of PCAS:
I —
R = ; a,KPl,.; , (10)
jOKPI { 18114555}
R' = a,KPl,.; ,
jDK;S:\{SS} : : (11)
R" = a,KPl.; ,
jDK;S\{ll} : N (12)

wherea; is the coefficient of the linear combination ofnipal components.

(3.1.2) The analysis identifies outliers in the gpaf principal components. Nonetheless, it
cannot be ascertained whether outliers are discated or favoured by the
Incumbent. For this reason, signs of coefficiemtsEqg. (7-9) have to be assessed.
Outliers in a dimension oPC' show the relatively highest value of the component
Coefficients for this component are negative ifhagvalues of attributes denote a
better quality of services provided by the Incuntbd@rherefore, a higher value of
PC' denotes a higher level of discrimination if congghto other operators.

The operator AO324 is the most discriminated adogrtb the criterion ofPC', the
linear combination oKPI,4, KPI,,, KPI,, and KPI,,, what is shown in Fig. 3. The

second most discriminated operator is AO147.

According toPC" , outliers are significantly below the average. Thefficient of the
highest importance represented Ib&’ISS Is positive. An outlier of a negative value for
this component means discrimination for this operalt is similar in the case of

PC" . The only outlier in this dimension exhibits a walsignificantly below the
average of the principal component.

An analysis acrossPC" driven by KPIs allows detecting more discriminated
operators. These operators are (in the ascenddag)or

AO9,

AO364,
AQO355,
AOS530,
AOA433.

An additional analysis acros®C" confirms that operator AO147 is the most
discriminated.

*R explains only 3.7% of a variance €', R' merely 0.3% an®" a slightly higher level of 19% (however, on
the other hand, the marginal contributionR&" to the variance is low and accounts for merelyuati®%, c.f.
Fig. 2).

® The higher the value of this KPI, the better is dfuality of service provided by the Incumbent.

13
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Figure 3. 2-D projection in théPC' ,PC") plane.

(3.1.3) In order to achieve one-dimensional indicathe combination of the first two
principal components was created. It explains 70%evariance of the input data:

i _ j
D= a; S + W KPI; (13)
JOKPI 0o

wherea € R¥F% is a vector of loadings which is a solution to thiéowing program:

max{Var(ax)}, (14)
[RIF1

and w, is a trade-off parameter determining a dominansendary between two
criteria. Value of this parameter was chosen abiyr and should be set after

consultations with experts. For the given data ptnal value of this parameter is
equal to 1.5.

Fig. 4 shows values of the indicator (13) oy = .1Fhe following list of the most
discriminated operators was obtained with the ¢utaue of 2:

AO324,
AO433,
AO530,
AO355,
AO364,
AO147.

14
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Figure 4. One-dimensional discrimination indicator.

3.2 Implementation of function method

(3.2.1) Experiments were carried out on the reth gat. The discriminated “big“ operator
was identified correctly by at least one of theraggted indicatorsK : 1 mistake,
Ord : 3 mistakes out of 11 simulations) c.f. Table btiBindicators show partially
overlapping sets of discriminated operators. Theunmbent can hide important
discriminated operators by lowering intentionallget KPIs values for smaller
operators.

The order of discrimination amongst “big” operat@shown in Table 2.
Discriminated operators are these which have hajhevin both rankings.

Table 1. Results with use of ti@rd and F indicators. Only top 14 operators are shown.

operator Qrd indicator Operator F indicator overlap

433 0.5 433 0.3374 1
364 0.4960 376 0.2051 1
296 0.4765 530 0.1265 1
324 0.4078 364 0.1095 2

9 0.3834 296 0.1068 3
114 0.3684 513 0.1035 3
147 0.3361 355 0.0934 3
143 0.3333 143 0.0459 4
355 0.3315 9 0.0262 6
534 0.3314 114 0.0253 7
342 0.3302 472 0.0195 7
345 0.3289 245 0.0132 7
513 0.3034 528 0.0131 8
270 0.28 270 0.0046 9

15
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Table 2. Values of indicatorB and Ord for “big” operators.

operator Qrd indicator Operator F indicator overlap

324 0.4078 513 0.1035 0
147 0.3361 245 0.0132 0
534 0.3314 270 0.0046 0
513 0.3034 498 0.0037 1
270 0.2842 534 0.0034 3
273 0.2809 273 -0.0026 4
282 0.2676 324 -0.0094 5
498 0.2470 282 -0.0097 7
245 0.2255 147 -0.0149 9
235 0.1614 235 -0.0191 10

Calculations on different real data subsets

(3.2.2) One of the performed tests was a calculatio- @fidicator values, based on different
subsets of real data provided by the UKE.

The matrix of data provided by the UKE was modifiedhe following way:

- valuesx of KPIs for which the reference value is 0 wenglaeed byl - x;

- values of one KPI (number 55) expressed in hauge divided by maximum value
(102h) to obtain a number in a range between (land

- columns representing KPIs were sorted decreasiwgh respect to the number of
operators for which the given KPI has a definiteiga

- rows representing operators were sorted decrglgsivith respect to the number of
definite KPIs for a given alternative operator.

As a result, definite values are grouped in uppérdorner, while rows and columns
less populated with data are suppressed to thearghlower part of the table.

(3.2.3)Four submatrices were chosen from the table prdparéne way described above:

1. The table of all operators and all KPIs, dimensh62 x 62 (almost empty). After

removal of empty rows and empty columns from thia dkelivered by the UKE, the

table with the dimension 425 x 48 is obtained. 8itiee empty rows and columns do
not carry any information, the reduced table idyaea further.

2. The table of 32 largest operators and KPIs wattlheast 5 fields filled, dimension
32 x 31 (partially filled).

3. The table of 14 largest operators and KPIs \attleast 8 fields filled, dimension
14 x 15 (half-filled).

4. The table of 14 largest operators and KPIs waitleast 10 fields filled, dimension
14 x 12 (almost full).

(3.2.4)In each case only 14 largest operators, which appethe last set, were taken into
consideration. The results of how they are treatét respect to each data set are
displayed in the Table 3.

Fig. 5 shows the position of AO calculated on tlsid of F values. The first three
operators remain on the top of the list, while ¢hisra mix in the middle, as different
data subsets are considered. It concerns such &Qehich values oF are very close
to each other, which can be seen in the next figuhere these values are plotted.

16
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Values of F are displayed for each data set in Fig. 6. Opefdtnb13 dissents from
the others and is constantly on the top of theTike values of~ for operators which

are in the middle of the list are very similar.

Table 3. Results for the chosen operators accotdidgferent dimensions of input matrix.

k| n
E |5 w Z L & w = L Z
E vz ‘06 = o Y— Al o)) Y— - > Y— Al e)]

[} cc o cc o £ £ o £ £
s gl s [sE| & [sE| & [zE| & (g%
8 |5& 3 &8 T 38 & &8 T &8
(% zZ 8 > o > o > o > o
513 15 -0,1036 1 -0,1041 1 -0,0455 | -0,0797| 1
245 20 -0,0133 2 -0,0123 3 -0,0161 p -0,0400 2
528 11 -0,0131 3 -0,0132 2 -0,0137 B -0,0137| 3
270 25 -0,0046 4 -0,0057 4 -0,0041 b 0,0112 9
532 13 -0,0031 7 -0,0017 6 0,0032 1 0,0032 5
470 14 0,0048 9 0,0007 7 0,0019 b 0,0019 4
324 45 0,0095 10 0,0116 1] -0,0047 i 0,0043 6
273 15 0,0027 8 0,0026 9 0,0048 0 0,0048 7
498 24 -0,0038 5 0,0012 8 0,0205 3 0,0058 8
534 24 -0,0035 6 -0,0048 5 0,0042 D 0,0230 14
282 29 0,0098 11 0,0104 1 0,0041 B 0,0188 10
147 27 0,0150 12 0,0157 12 0,0128 0,0225 13
235 17 0,0192 13 0,0189 11 0,0191 0,0191] 11
387 10 0,0206 14 0,0208 14 0,0220 4 0,0220 12

1. 425 x 48 2:32x31 3:14 x 15 4:14x12

17
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Figure 5. Ranking of AO (only 14 positions are shpwith respect to different data subsets

calculated with the use d¥ indicator.
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Figure 6. Values of indicator for different AOs and four data subsets.
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(3.2.5) The values of the~ indicator do not vary significantly for differeniata subsets. It
means that this method for calculating aggregatBd i& not sensitive in case of the
lack of data. It should be noticed that the firatadset is a table with about 95% of
empty fields and the last one (data set numbes &Jmost full with only few fields
without data.

Having the table sorted, one can truncate it frbm right and from the bottom and
perform some analysis on the resultant, much smilde, whose advantage consists
in the fact that it is much better filled with ddkean the input table.

Information lost as a result of such truncationofslow importance and does not
change the outcome in a significant way. Howeueshould be checked if this is true
also for other proposed methods.

4  Summary

(4.0.1) The main goal was to construct the aggesbatdicator based on 63 KPIs to enable
comparison of the level of service rendered by TBW\all Alternative Operators.
Proposed were two methods, namely the statistical aalled Principal Component
Analysis and the second technique that was basedhentwo easily calculated
formulas.

(4.0.2) Suggested methods were implemented and soameéations using the real data set
were performed. Based on the computations, rankaogeerning the treatment of
AOs were created. They could be used to identi$grithinated alternative operators.
Both methods indicate similar operators (especiathong the “big” ones) which are
at a disadvantage. Proposed function method isilgeproperly detect discriminated
operators. This was tested in the experiment desgin the Appendix.

(4.0.3) The problem of missing data was also carsidl Computations of thE indicator
performed on different data subsets proved thatsufficiently immune to the lack of
data when it comes to the detection of the mogiridisnated operator. However, it
should be ascertained if it is true for other psgabaggregated indicators.

(4.0.4) still, quite many questions are left unaasd, which can be the subject of further
research. For example, it should be verified whettltee proposed aggregated
indicators allows for the comparison of the levekervice in different time periods.
Another important issue to consider is robustness the stability of aggregated
indicators when input data changes insignificanflyne input matrix has many
undefined cells, which raises the question of hawdeal with null values (e.g.
consideration of only smaller subsets of the imgata, elimination of thaull values
or application of methods for filling empty cells).

Appendix A

Simulation experiment

A.1 The Rules

(A.1.0)In this section, we present the experimiesitaulation. It was performed because there
was no proper data to test the proposed indicatdrs.purpose of this simulation was
to verify the actual discrimination. Another readmhind this experiment was to find
out whether the proposed indicators could detestiriihinated operator.
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(A.1.1) The following input data for the simulati@ras chosen:
- 4 services and one KPI for each service;
- each KPI has a value from the range (0,1).

(A.1.2) Steps of the simulation:
1. AOs send requests for services. Operators:
* Type A (“big” operator) — there are 3 AOs: each Baervices out of 4.
» Type B (“small” operator) — there are 5 AOs: eaeab B services out of 4.

2. The Incumbent selects a discriminated AO (TypeaAd generates KPls. The
Incumbent chooses the strategy so that his intetiould not be easily discovered.
Only one AO of Type A must be discriminated.

3. Using the aggregated parametBrsand Ord , the Regulator investigates AO which
is discriminated.

4. It has to be checked whether aggregated parsneéétect the discriminated AO
correctly.

Table 4. Example of table that should be filledigumbent.
Operator KPI 1 KPI 2 KPI 3 KPI 4
1A (3KPlIs)
2 A (3KPIs)
3 A (3KPIs)
4 B (2 KPIs)
5B (2 KPIs)
6 B (2 KPIs)
7 B (2 KPIs)
8 B (2 KPIs)

A.2 Example of the simulation

(A.2.1)Operator AO2 was deemed as discriminated.ié\discriminated if it has lower KPI
than another AO in the market (with difference edst 0.1) for at least two KPIs.
Table 5 is filled in the following way:

Table 5. Example of filled table.

Operator KPI 1 KPI 2 KPI 3 KPI 3
1 A (3 KPIs) 0,95 0,8 0,59
2 A (3 KPIs) 0,85 0,5 1
3 A (3KPIs) 1 0,59 1
4 B (2 KPIs) 0,95
5B (2 KPIs) 0,6 1
6 B (2 KPIs) 0,8 1
7 B (2 KPIs) 1 0,58
8 B (2 KPIs) 1 1
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Table 6.Results of indicatols andOrd for operators from Table 5.

Discrimination list Discrimination list
(operator) - (operator) ord
AO2 0,556 AO2 0,037
AO6 0,500 AO1 0,027
AO1 0,500 AO6 0,024
AO7 0,375 AOS5 -0,014
AO3 0,083 AO3 -0,019
AO8 0,000 AO8 -0,020
AO5 0,000 AO7 -0,024
AO4 0,000 AO4 -0,063

(A.2.2)Table 6 demonstrates the order of AOs disaation by means of values of the
aggregated parametefs and Ord . The higher position of AO in the list, the more
discriminated it is.

According to both aggregated parameters, AO2 isntbst discriminated AO in this
example. This result is in line with the choicetod Incumbent.

A.3 Conclusions of the simulation
(A.3.1) The simulation was run eleven times andeaietables with KPIs were created.

(A.3.2)In order to hide discrimination of a “bigRO, the Incumbent often discriminates
smaller operators. As a result, in some cases all’sW0O is even more discriminated
than the “big” one.

(A.3.3)Using the aggregated parametdis and Ord, the discriminated “big” AO was
identified correctly by eitheF or Ord aggregated indicator in all cases. When using
only parameterF , we obtained a wrong result once; whereas whengusnly
parametetOrd - three errors occurred.
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