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Abstract. This paper provides an overview of a multi-criteria evaluation that was pre-
pared for evaluation of sustainable transportation initiatives for the Municipality of Kranj.
The paper outlines the methodology, data sources, evaluation results, limitations and fu-
ture considerations of the undertaken evaluation approach. The evaluation problem is
formalized using a multi-criteria decision analysis approach that involves de�ning the
criteria to measure success, de�ning the desirability of various values of the criteria and
de�ning their importance. A preliminary evaluation was conducted for two time periods:
December 2024 and April 2025, allowing for a demonstration of a comparative assess-
ment. The evaluation indicates that the main differences could be driven by seasonal
factors, such as bicycle use and air pollution. We also discuss and stress the importance
of data quality, timeliness, and considerations that need to be made with respect to the
interpretation of results.
Keywords. Sustainable Transportation, Multi-criteria Modelling, Evaluation

1 Introduction

Climate changes and their negative aspects are spurring actions world wide to alleviate
them. European Union (EU) is particularly active, with the European Green Deal policy
initiatives and various related support programmes and missions.

The NetZeroCities is a project supporting the mission100 Climate-Neutral and Smart
Cities by 2030. In its scope, the projects UP-SCALE (UP-SCALE Urban Pioneers - Sys-
temic Change Amid Liveable Environments) and KReATIVE (Kranj’s Resilient Ecosys-
tem for Active Transformation, Innovation, and Visionary Engagement) tackle various
sustainable development topics, among which sustainable transport in the Municipality
of Kranj, in particular enhancements of data collection and integration for the purposes
of improved urban mobility applications and services for its citizens. In the scope of this
work, evaluation was recognized as a relevant aspect for effective monitoring and support
of the actions. The evaluation approach was to be as transparent as possible and should
allow for continuous, both short term and long term use.

In this paper we present the methodology, data sources, preliminary evaluation results,
as well as limitations and future work considerations related to the undertaken evaluation
approach. In the formalization of evaluation we followed elements of the Multi-attribute
utility theory [4] and in selection of criteria we sought inspiration in Sustainable Urban



Mobility Indicators (SUMI) [3]. An important factor in criteria selection, however, was
relevance for the intended user and actual data availability.

The paper is structured as follows: Section 2 introduces the modelling methodology,
Section 3 presents the selected criteria and the related value functions, followed by an
example of evaluation in Section 4 and conclusion in the last section.

2 Methodology

Evaluations of complex entities or phenomena usually involve many criteria. This is the
case also with the evaluation at hand. Namely, it would be dif�cult to evaluate all the
activities through one criterion. As usually in such cases, we will employ multi-criteria
evaluation.

In order to perform multi-criteria evaluation, we need to de�ne the criteria or attributes
that we take into account. We denote them as:C1, C2, ..., Cn . An example of a crite-
rion might be the number of passengers served in the public transport system. Another
example might be the number of traf�c accidents. And there are of course many others
we might want to consider. In the criteria de�nition phase, it is important to identify all
the criteria that are relevant for our evaluation and are at the same time operational in the
sense that we can measure or assess them. The criteria can be composed of sub-criteria
and sometimes it is bene�cial to explicitly model such a relationship. In this sense we
distinguish the basic and the aggregated criteria.

The criteria also need de�nitions of how they can be measured or assessed. For exam-
ple, the number of passengers might be a monthly number, or an average daily number,
or something else. It might be measured relatively precisely with sensors on the buses,
or it might be a result of estimates by the bus drivers. Of course, we should strive for as
accurate measurements as possible. While many criteria in our evaluation are numeric,
some are binary and have a value of true or false, or 0 and 1. These are usually criteria
that indicate goal achievements. The measurements of our criteria in a speci�c situation
(period) will be denoted as:x1, x2, ..., etc., wherexn represents the measurement of
criterionCn .

Measurements of basic criteria are usually represented in different units, which hin-
ders their comparison and collective use, such as for any weighting and aggregation pur-
poses. In numeric multi-criteria evaluation we usually scale the measurements to a �xed
interval, most commonly to the interval [0,1] with a so-called utility function or value
function. Such a function transforms any input value (criterion measurement) into 0 for
the worst case, 1 for the best input values and in-between for the rest. This way we do not
only scale the input values, but can express our preferences at the same time. The prefer-
ences can also be piece-wise linear or non-linear in general. We denote the transformed
measurements asv(x1), v(x2), ..., etc. The binary criteria can be handled in a similar
way, with a value of 0 or 1 commonly prescribed to false and true values respectively.

In multi-criteria evaluation, the scaled values of selected criteria are usually combined
into an aggregated overall value. There are various approaches to achieve this. In our case,
we use a simple additive aggregation model, which is a common choice. The overall value
in such a model is de�ned as:

V (v; w) =
nX

i =1

wi vi (x i ) (1)



Wherewi is a weight associated with the criterionCi andvi (x i ) is the value function
of criterion measurementx i . For the aggregated criteria we will not use further transfor-
mations. Such weights, which all together sum to 1 are to be de�ned for all the criteria.
The weights are used to express the relative importance of criteria.

This relatively simple aggregation approach allows for some transparency of the mod-
els and ease of interpretation of the results. There exist, however, even more transparent
methodologies that are qualitative in nature, such as DEX [2], but we did not opt for their
use for two reasons. Firstly, most of our model’s input values are numerical and do not of-
fer a straightforward transformation to qualitative values. Secondly, because we need the
model to be relatively sensitive in order to re�ect even slight changes of measurements.

For the purpose of our evaluation we observe and analyze both individual criteria and
their overall value and their changes during at the start and at the end of a speci�c evalu-
ation period. However, the methodology as set-up is made to be used also for continuous
long term evaluation.

3 Criteria and value functions

In this section we outline the criteria considered in the evaluation and how the criteria
values are to be assessed. The criteria to consider were selected based on the project’s
documentation, SUMI and the available data sources.

3.1 Bus occupancy

Thebus occupancycriterion stands for the average occupancy of the sensor equipped city
buses in the last month. With occupancy, we mean occupancy of seats and standing areas
that are dedicated to passengers. Bus occupancy is measured with sensors mounted in a
selection of buses. The equipment enables detection of bus entrances and exits, but not
mapping of one to another (which entrance and exit were made by the same user), so we
can estimate the number of people on the bus at any given moment, but not for example
the length of individual rides.

The number of buses considered remained constant throughout the project. However,
the routes on which the sensor-equipped buses are used in practice cannot be �xed, as
they change dynamically according to the needs and requirements related to the situation
at hand (state of the rest of the �eet, etc.).

Bus occupancy data is provided for one minute intervals for all the time when the bus
is operational (turned on). Sensory readings are to some extent false, as we noticed that
in some cases there are more exits than detected passengers. This could be attributed to
people crowding in the exit area and can happen also in the entrance area for the case of
entrances. Our estimation of the number of passengers thus uses some corrective mea-
sures, such as rolling minimum, mean of cumulative counts, and de�nition of points in
time in which the entrances and exits should not increase, such as during bus movement.

The value function for the bus occupancy criterion is shown in Figure 1. No occu-
pancy is used for the zero value and3=4 occupancy or higher as the one which yields the
maximum value of 1. According to this value function, constant maximum occupancy or
over-occupancy would also hold the value of 1, which is a point to note and potentially
revisit.
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Figure 1: Value function of thebus occupancycriterion.
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Figure 2: The value functions of criteria related to passenger satisfaction.

3.2 Passenger satisfaction
Satisfaction of the passengers with the public transport system is very important, but it is
also a phenomenon that is dif�cult to assess regularly and in an unobtrusive manner. In
our case, the assessment is made through a questionnaire that is employed in two time
periods. This is one of the rare criteria that we cannot assess continuously.

The questions about passenger satisfaction in the questionnaire are formulated with
an explanation:Please indicate on a scale from 1 to 5, how would you rate the state of the
city’s bus service?(1 - very poor, 5 - very good).followed by the elements to be evaluated:
Schedule, Punctuality of buses, Feeling during the ride, Frequency of bus-stops, Cleanli-
ness of bus-stops, Friendliness of bus drivers, Cleanliness of the buses, Payment system,
Locations of bus stops, Price, Equipment of bus stops with covered bicycle stands.

For the purposes of our evaluation model, we are considering four of these questions.
The data collected in these questions will be averaged and the outcomes transformed with
the corresponding value functions and aggregated with equal weights into the overall
passenger satisfaction as shown in Figure 2.

3.3 GHG emissions
Emissions of GHG are a common phenomenon to consider in sustainability assessments.
We focused on theCO2 emissions that are directly caused by the bus �eet during opera-
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Figure 3: The GHG emissions of the bus �eet value function: the lowest valueworst per-
mittedcorresponds to the entire �eet operating only the vehicles according to the lowest
permitted standard.

tion. There were 11 buses used in Kranj for public transport in the time of the project, 3
diesel hybrid ones and 11 electric ones. According to available data, we used 885 g/km
as the estimation for the emissions of the diesel hybrid buses and 0 g/km for the electric
ones. Our assessment is based on the kilometers actually driven by each bus type in the
assessment period. The �rst threshold of the value function (see Figure 3) is set to 0,
which is achievable according to our de�nition of emissions with a fully electri�ed bus
�eet. For the second threshold, the worst case, we took the maximum distance driven by
a bus in a month in the observed period from November 2024 to April 2025 (38686 km in
March 2025), which was multiplied with the emissions of diesel hybrids (885 g/km) and
the total amount (11) of the buses used. This gives us the threshold value of 34237.

3.4 Local pollution
We have considered the measurements of PM10 and PM2.5 particles, which are pub-
licly available for Kranj1. Concentrations of �ner PM2.5 particles are more indicative of
pollution by traf�c[1], so we focus on these. The PM2.5 limit values according to EU
standards2 are at yearly average of20�g=m 3, which affects our value function as shown
in Figure 4.

3.5 Traf�c jam delays - punctuality
We measure bus punctuality as the difference between the planned (according to schedule)
and real time presence of the bus at the station, which is assessed according to the bus
GPS position and time of this measurement. Presence within 50 meters of the station
is considered "on station." Any deviation from this is a discrepancy - typically a delay,
although early departures are also included. The inputs that we are considering in the
value function (see Figure 5) are 30 day averages over all the bus stop events. As a
measure of average we are using the median in this case, as it is robust to rare outlier
events (e.g., extreme one-time delays due to rare events), which might affect the mean.
The �st threshold is at 0, while the second one is at 10 minutes.

1https://www.arso.gov.si/zrak/kakovostzraka/podatki/dnevne_koncentracije.html
2https://environment.ec.europa.eu/topics/air/air-quality/

eu-air-quality-standards_en

https://www.arso.gov.si/zrak/kakovost zraka/podatki/dnevne_koncentracije.html
https://environment.ec.europa.eu/topics/air/air-quality/eu-air-quality-standards_en
https://environment.ec.europa.eu/topics/air/air-quality/eu-air-quality-standards_en
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Figure 4: Value function of thelocal pollutioncriterion.
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Figure 5: The value function of the bus punctuality criterion.
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Figure 6: Value function for the number of cars in city traf�c.

3.6 Number of cars in city traf�c

The number of cars in city traf�c is estimated based on automatic measurements of three
sections that are close or cross the central part of Kranj. These are: 244 KR Primskovo
2, 718 KR Zlato polje and 913 Kokrica. The measurements of interest are daily average
counts of cars based on the readings in the last 30 days. As the measurements are provided
separately for two directions of traf�c in each section, we use the average of the two
directions. The low number threshold of the value function is set at3=4 of the average
daily measurement in the reference period and the high threshold is set at a maximum
average daily measurement in the reference period as shown in Figure 6. As we had
data for the year 2024 and the �rst half of 2025, we considered the year 2024 to be the
reference period, which resulted in the low threshold to be set at 17346 and the high one
at 30501.

3.7 Use of bicycle sharing

Use of bicycles in general would be a useful criterion to consider, but as cycling counting
capabilities in Kranj are currently very limited, we have opted for the use of the informa-
tion on theKRsKOLESOMbicycle sharing system.

Speci�cally, we assess this criterion by the number of KRsKOLESOM rentals in the
last 30 days. In construction of the corresponding value function we consider the amounts
of the lowest and highest 30-day rental occurrences in a reference year. The low point
of the linear part of the function corresponds to the minimal number of rentals in a 30
day period of the reference year (2023), which is 2383, and the high point to twice the
maximal number of rentals in a 30 day period correspondingly. Such a maximum number
of rentals in our reference year is 10705. A sketch of the value function is depicted in
Figure 7.

3.8 Traf�c safety

As a proxy for the traf�c safety criterion we use the number of reported traf�c accidents,
as recorded in of�cial police statistics3, as an indicator of traf�c safety. The utility func-
tion de�nes acceptable performance boundaries based on the lowest and highest monthly

3https://www.policija.si/o-slovenski-policiji/statistika/prometna-varnost

https://www.policija.si/o-slovenski-policiji/statistika/prometna-varnost
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Figure 7: Value function for the use of sustainable mobility KRsKOLESOM.
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Figure 8: Value function for traf�c safety.

accident counts observed over the past decade (2015-2024): 46 accidents (April 2020)
and 159 accidents (October 2019). The lower threshold, recorded during a period of
COVID-19 related movement restrictions, represents a challenging but aspirational target
rather than a typical good result.

4 Evaluation example
In this section we present the initial evaluation results evaluation in two time periods
(December 2024, and April 2025), based on the data gathered for the chosen criteria and
using the proposed value functions.

For evaluation of the bus occupancy, we used the data from the buses that were active
and submitting data in the evaluation period. In the data readings available, there were no
strong trends detected. The occupancy remained stable throughout the observed period.
In the December period the average occupancy was 4.9% and in the April period it was
4.6%.

Passenger satisfaction was assessed using a questionnaire, which was used in two sur-
veying sessions, one in October 2024 and one in April 2025. The results of the survey
in October are used as a proxy for our �rst evaluation point (which is in fact December).
The survey was conducted among citizens of Municipality of Kranj with a representative
sample in terms of age, gender and local community. The sample contains 28 respon-



dents. The average scores from the data collected in the survey are as follows: schedule
= 3.03/3.25, punctuality = 3.11/2.95, feeling = 4.19/3.90 and stations = 3.85/3.79 for the
�rst/second period.

The estimated totalCO2 emissions of the bus �eet in December are 5369 kg with a
daily average of about 192 kg and in April reach 5244 kg and a 187 kg daily average.
The �eet of buses that we tracked did not change during the project. The changes in the
emission estimates are therefore only due to more or less intensive use of one or the other
type of a bus. It is expected that the emissions will get lower, as additional electrical buses
are introduced and as hybrid-diesel ones are phased out.

The average daily concentration of PM2.5 particles depends a lot on the (heating)
season. In December period, the average daily concentration of PM2.5 particles was
24.260, which exceeds the threshold set for zero value. In April it was 9.730.

The median discrepancy of bus arrivals with the schedule was in December at 84
seconds, with the mean at 121.65, minimum at 0 and maximum at 1943 seconds. In April
it was 96, with the mean at 131.13, minimum at 0 and maximum at 858.

Daily average number of cars in the selected road sections differs mainly with respect
to distribution of week days and holidays. In our December evaluation period the detected
average daily number of cars was 22940.35 in one direction and 23037.94 in the other
(an average of these was used as evaluation input). In April, the detected average daily
number of cars was 24214.80 in one direction and 24720.23 in the other.

The bicycle sharing system was used 4566 times in December and 9153 times in April.
The lower number of uses in December is expected as it is one of the winter months when
the use of bicycle sharing tends to be lower.

In December 2024, there were 109 traf�c accidents registered in Kranj. There is no
of�cial statistics available for the month of April 2025 yet, so we used the latest available
value (109 traf�c accidents as registered for December) as a proxy and placeholder. The
number of traf�c accidents remains relatively stable over the years, with notable decrease
in the COVID-19 affected years of 2020 and 2021.

The overall evaluation results are shown in Figure 9 and Figure 10. We can see that the
latter score is better than the former. However, one must be careful in the interpretation
of these results and should exploit the transparency of the evaluation method for critical
assessment. In the case of this comparative evaluation, it is clear that the main effects are
seasonal, as the biggest difference is in bicycle sharing use and PM2.5 pollution, which
are both to a large extent affected by the season.

5 Conclusion

This paper details a methodology and assessment models for evaluating the impacts of
sustainable transportation initiatives. While the evaluations offer immediate insights, the
core contribution lies in the models themselves, their criteria, value functions, and data
sources that were designed collaboratively by the experts from the Municipality of Kranj
and the Jo�ef Stefan Institute. The models are intentionally transparent and simple to
facilitate wide stakeholder understanding and continuous adaptation.

Successful evaluation relies heavily on data availability, and our project and the work
presented in this paper highlighted the importance of data granularity, timeliness, and
abundance. This informed criteria selection and necessitated using proxies in some cases.
The report serves as a basis for discussions on data requirements for future assessments.
For example, our evaluations and additional supporting analyses showed that the use of



Figure 9: Evaluation results for the December period.

Figure 10: Evaluation results for the April period.

PM2.5 particle concentrations are not the best indicator of traf�c related emissions in
Kranj, as winter heating seems to be a much more relevant source of this kind of pollution.
Municipality is already considering to put in place more targeted and locally detailed
systems for traf�c related pollution assessments, which will provide more relevant and
more abundant data.

The evaluations for December 2024 and April 2025 periods revealed a higher overall
score in the latter period. However, interpreting this simply as a positive impact of some
initiatives is misleading. Assessments of individual criteria are more meaningful, facili-
tated by the model’s transparency. Acknowledging the in�uence of multiple factors, such
as seasonality, continued use of the developed approach will allow for mitigating such
in�uences, assessing medium to long term effects, and objectively evaluating the impact
of decisions.



6 Acknowledgments
This work was partially �nanced by �nancial support from the Slovenian Research Agency
for research core funding for the programme Knowledge Technologies (No. P2-0103) and
by the projectsUP-SCALEandKReATIVE, funded through NetZeroCities under the Eu-
ropean Union’s Grant Agreement No. HORIZON-RIA-SGA-NZC 101121530.

References
[1] B Artinano et al. �In�uence of traf�c on the PM10 and PM2. 5 urban aerosol frac-

tions in Madrid (Spain)�. In:Science of the Total Environment334 (2004), pp. 111�
123.

[2] Marko Bohanec et al. �DEX Methodology: Three Decades of Qualitative Multi-
Attribute Modeling�. In: Informatica37 (Mar. 2013), pp. 49�54.

[3] European Commission.Technical support related to sustainable urban mobility in-
dicators (SUMI): Harmonisation guideline. Final (web) version, 28 August 2020.
2020. URL: https : / / transport . ec . europa . eu / system / files / 2020 -
09/sumi_wp1_harmonisation_guidelines.pdf .

[4] Ralph L Keeney and Howard Raiffa.Decisions with multiple objectives: preferences
and value trade-offs. Cambridge university press, 1993.

https://transport.ec.europa.eu/system/files/2020-09/sumi_wp1_harmonisation_guidelines.pdf
https://transport.ec.europa.eu/system/files/2020-09/sumi_wp1_harmonisation_guidelines.pdf


Impact of Filtering Policy Changes on
Wikipedia Pageview Metrics

Srdjan Skrbic and Zoran Levnaji·c
Faculty of Information Studies in Novo mesto, Slovenia

srdjan.skrbic@fis.unm.si zoran.levnajic@fis.unm.si

Abstract. Daily number of visits to any Wikipedia article can be obtained very simply.
This research-friendly policy enabled the scienti�c community to study the nature and
dynamics of global collective attention. However, Wikimedia Foundation has recently
made two major changes in the way article visits (pageviews or viewcounts) are calculated
and reported. The �rst change occurred in December 2019 and was related to bot traf�c
�ltering. The second change took place in May 2020 in order to advance the detection
and categorization of automated traf�c. These changes improve the quality of pageview
time-series by making them more stationary and reducing anomalies. Yet they lead to
discontinuities that impact downstream tasks. The goal of this paper is to elucidate these
changes and discuss their implications for researchers.

1 Introduction

Wikipedia is the most comprehensive free online encyclopedia. As such, it attracts re-
searchers in both data science and social sciences. It is a major source for understand-
ing public interest, information-seeking behavior, and digital attention. In particular, re-
searchers frequently use pageview (viewcount) statistics from the Wikimedia REST API
or Pageviews API to analyze trends over time. This data is free and simple to obtain,
which resulted in several interesting papers over the last few years on collective attention
and its dynamics [1, 2, 3, 4, 5, 6].

For this reason, it is critical that research community is aware of any changes in how
viewcount data is measured and stored by Wikipedia. In this short paper, we report two
important and substantial recent changes in this. Namely, it appears that the way of how
the number of daily visits to Wikipedia articles (pages) is calculated has changed twice:
the �rst change occurred on the 1st December 2019, and the second on the 1st May 2020.

As best we can tell, these changes are not random but correspond to modi�cations
in Wikimedia data collection and bot �ltering policies. Yet these changes introduce un-
wanted inconsistency of viewcount statistics for data taken before and after the changes.
In the rest of the paper we discuss this issue and provide a few recommendations for
researchers interested in collective digital attention.

1



2 Overview of Wikipedia Pageview Data
Pageview data on Wikipedia are generated from web requests to article pages. Initially,
the system distinguished only between �user� and �spider� traf�c�where spiders were
self-identi�ed bots (e.g., Googlebot). This categorization was naive, as many bots do not
declare themselves, leading to in�ated user traf�c metrics. Consequently, analyses using
data prior to 2020 may contain artifacts caused by automated agents.

In December 2019, Wikimedia introduced enhanced detection mechanisms for auto-
mated traf�c that did not self-identify. As described in the Wikimedia Analytics docu-
mentation:

�We identi�ed some automated traf�c that was misclassi�ed as user traf�c
and built �lters to remove them. This change affected pageview data as of
late 2019.� [8]

Although not a full overhaul, this step marked the beginning of improved bot detec-
tion and had a measurable effect on data. The total view counts of many popular pages
decreased, and variability (standard deviation) in daily views was slightly reduced.

A more profound shift occurred in May 2020, when the Wikimedia team formalized
a third classi�cation type:automatedtraf�c. This category included non-self-identifying
bots previously lumped with user traf�c.

An announcement on the Wikimedia Analytics mailing list dated 8 May 2020 ex-
plained:

�A new ‘automated’ traf�c class was introduced, better distinguishing auto-
mated traf�c from genuine user traf�c. This resulted in a 8�10% drop in
user-classi�ed pageviews on English Wikipedia.� [7]

This change sharply reduced noise in pageview data, especially for pages targeted
by scrapers or botnets. After this point, time-series analysis of Wikipedia data became
signi�cantly more stable, with a notable drop in view count variance. This makes it much
easier to identify and measure the daily number of visits that come from human users.
This number is as of May 2020 very reliable.

2.1 Two ways of obtaining pageview data
There are two methodologies for acquiring Wikipedia page view statistics. The �rst
method utilizes the Wikimedia API, which facilitates the extraction of time series data
for a designated Wikipedia page over a speci�ed temporal range. A notable advantage
of this technique is its capacity to distinguish between human and automated (bot) traf-
�c, thereby enhancing data �delity. However, empirical measurements indicate that the
average response time per page query is approximately 550 milliseconds. Given that the
English-language Wikipedia comprises over seven million articles, comprehensive data
retrieval for the entire corpus would necessitate an estimated 45 days of continuous query-
ing. Furthermore, Wikimedia’s data usage policies discourage parallel querying to ensure
responsible and respectful access patterns.

An alternative approach involves the acquisition of daily aggregated page view counts
via Wikimedia’s publicly available data dumps. These data �les, archived and compressed
by day, present cumulative view counts per page, inclusive of both human and automated
traf�c. This method permits signi�cantly expedited and large-scale data collection but
lacks the ability to disaggregate views according to traf�c source.



3 Our research into collective attention
In this section we describe the research through which we became aware that these changes
took place.

3.1 Data collection
We �rst analyzed the viewcounts of all English Wikipedia pages for the entire year of
2023. The dataset was obtained by directly downloading the corresponding �les, rather
than using the Wikipedia API. Subsequently, we �ltered out all pages that did not reach
at least 10,000 total views during 2023. This �ltering step served as a rough attempt to
identify a smaller subset of relevant or important pages that could be used for further
analysis. After applying this threshold, we obtained a list of 38,281 pages.

For the purposes of deeper analysis, we randomly selected 5,000 pages from this
�ltered set. For these 5,000 pages, we retrieved all available historical viewcounts from
2-Jul-2015 through 1-Jan-2025 using the Wikipedia API. Importantly, when querying
the API, we restricted the data to include only views attributed to human users (�user�
category), excluding automated traf�c.

The resulting dataset was organized into a tabular structure where each row corre-
sponds to a single day and each column represents a page. Thus, each row can be inter-
preted as a vector containing the viewcounts of all 5,000 selected pages for that day. In
this way, the full dataset consists of 3,471 such vectors.

We then measured distances between these vectors to capture temporal similarities
and changes in page view distributions. Euclidean distance was employed as the primary
metric, although alternative distance measures could also be considered given the high
dimensionality of the vectors. We then calculated distances between the �rst available
day (2-Jul-2015) and all subsequent days.

Figure 1: Distances between the �rst available day and subsequent days.

The analysis revealed how the distribution of Wikipedia views diverged over time
from the initial baseline. The results of this analysis are shown in Figure 1, where each



point represents the distance between the �rst day and a subsequent day. Figure 2 shows
the same plot, zoomed in to the days from 1500 to 1900.

Figure 2: Distances between the �rst and subsequent days zoomed from day 1500 to day
1900.

3.2 Analysis and interpretation

It is immediately noticeable that a signi�cant change occurred around the 1600th day
and later around the 1765th day. The 1600th day corresponds to 18th November 2019,
meaning that the �rst shift in the trend took place in late November 2019. The second
shift occurred around 1st May 2020.

When natural intelligence encounters such results, the �rst thought is often an error in
data acquisition or preprocessing�a �awed dataset. At the same time, one might secretly
hope that it represents a genuine discovery. Speci�cally, distances between vectors can be
interpreted as a characterization of the dynamics of human attention. In this context, two
very sharp changes in trend were detected. One of them coincides approximately with
the onset of the COVID-19 crisis, suggesting the possibility of a meaningful discovery.
However, the second shift in May 2020 is less straightforward. It might correspond to the
end of widespread lockdowns.

Nevertheless, as was suggested in the earlier part of this work, these �ndings unfor-
tunately do not re�ect such discoveries. Instead, we clearly identi�ed that the observed
changes are due to modi�cations in the way Wikipedia itself calculates and reports view-
counts.

4 Conclusion and Implications for Researchers

These �ltering changes create structural breaks in the Wikipedia pageview time series.
Any longitudinal analysis spanning the 2015�2024 period must account for:



- Overestimation of pageviews before Dec 2019.

- Transition uncertainty from Dec 2019 to Apr 2020.

- Cleaner, lower-variance data after May 2020.

We recommend splitting time series into three segments for normalization:

1. Pre-Dec 2019: High variance, includes many bots.

2. Dec 2019�Apr 2020: Transitional �ltering, partial bot removal.

3. Post-May 2020: Reliable user-only traf�c.

The accuracy and interpretability of Wikipedia pageview data depend on understand-
ing these back-end changes. The introduction of re�ned bot �ltering mechanisms in late
2019 and early 2020 signi�cantly affected statistical properties of the data. Researchers
using these datasets must adjust for these discontinuities to ensure robust conclusions. In
any case, using viewcount data starting from May 2020 should be � as best we can tell �
very reliable and in no need of adjustments.
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Abstract. In this article we discuss how should we benchmark community detection al-
gorithms in complex networks. We compare the community detection algorithms Louvain,
Leiden, Label Propagation, Fast Label Propagation, Greedy modularity, Infomap, Walk-
trap and Girvan-Newman on complex networks of the Zachary karate club, Synthetic
Network, a social network from X (Twitter), a neuroscience network, a email network and
a patent citation network in the USA. We �nd that the speed of algorithms depends on
the size and structure of networks. It turns out that among the considered algorithms for
community detection in large networks, the Leiden algorithm is the most suitable, while
on average the Fast Label Propagation algorithm performed the fastest in all cases. It is
shown that on LFR benchmark network, algorithms successfully detect the same number
of communities, however when we apply the same algorithms on complex networks the
results are variable based on speci�c algorithm.

Keywords. community detection, networks and graphs, network analysis, complex net-
works

1 Introduction

With the development of complex systems and their study, mathematical models have
been designed, which are derived from graph theory, with which we attempt to model
these complex systems and study their properties. With models, we primarily want to
gain insight into the structure and organization of a complex system and thereby enable
the analysis and interpretation of its operation.

In the following section we provide an theoretical overview of graphs and networks
following with network analysis techniques such as community detection. We focus on
benchmarking community detection algorithms.

Different approaches towards benchmarking community detecting algorithms have
been proposed and most of the approaches rely on benchmarking on synthetic networks
with known network structure. This opens a question on how such algorithms act in
different networks.



1.1 Graphs and networks
A graph is de�ned as an ordered pair G = (V, E), where V is the set of vertices and E is
the set of pairs of vertices, called edges. The set of vertices in a graph G is thus denoted
by V(G), and the set of edges in a graph G is denoted by E(G).

Networks are graphs that have a prescribed meaning or scope. Networks appear in
many �elds, such as social networks, information and communication (ICT) networks,
biological networks, logistics and transport networks [4].

Networks represent an abstraction of different systems and primarily serve as a repre-
sentation in the form of a mathematical model [4]. Table 1 shows the areas of application
of networks by presenting the nodes and edges of an individual network.

Table 1: Examples of real networks and their properties
Domain Network Nodes Edges
social Facebook people friendships
logistics railway stations tracks
ICT World Wide Web web pages hyperlinks
economic stock exchange investors trades
neuroscience brain activity neurons synapses
biological animal groups animals feeding relations
bibliographic citations articles citations

1.2 Community detection
With the emergence of the �eld of network analysis, many studies have focused on ana-
lyzing and extracting topological features of networks. One such feature is the community
structure. A community is a subgraph in which the nodes are densely connected [4].

Figure 1: Communities in network [4]

Although a community is not formally de�ned, the theory and methods for community
detection are still developing. Basically, it is a problem in which we want to identify nodes
that are strongly connected to each other [6]. With the help of community detection, we
want to identify and group nodes into communities that are similar in their properties. In
other words, community detection is the process of assigning one or more communities
to nodes in a network to which they belong.

Networks contain many nodes and connections and are usually dif�cult to represent
graphically, but if we can identify communities, they are easier to visualize and represent
the complex structure of the system.

In the community detection process, we need to algorithmically scan the network to
identify communities. We want the algorithms to work quickly and independently of



the network size. Given this, it is important that the time complexity of an individual
algorithm is as small as possible. The time complexity of an algorithm is a function of
the input parameters of the algorithm. In general, the problem of community detection in
networks is an NP-hard problem [7].

1.3 Modularity in networks
One of the fundamental properties that describes a network is its modularity. Modularity
represents the ratio between the actual number of edges in the network and the expected
number of edges, assuming that edges between vertices were assigned randomly while
preserving the vertice degree. The expected number of edges between vertices i and j is
equal tok i k j

2m , where ki and kj denote the degrees of vertices i and j, and m is the total
number of edges. Modularity is denoted by the letter Q [10].

Q =
1
2

X

ij

�
A ij � 


ki kj

2m

�
�(c i ; cj )

In the previous equation, m denotes the total number of links, A is the adjacency
matrix of the graph, k represents the degree of nodes i and j, and 
 is the resolution
parameter. � takes the value 1 if ci and cj belong to the same community, and 0 otherwise
(Newman, 2010). The values ci and cj denote the community labels. The resolution
parameter 
 allows favoring of communities: if 
 is smaller than 1, the method favors
smaller communities, otherwise it favors larger ones. This parameter was introduced
because modularity without it may fail to detect smaller communities. By including 
,
we enable a certain degree of sensitivity in community detection.

Intuitively, if we have a network that is divided into communities that have many
connections within the community and few between individual communities, then the
modularity of such a network is high, since the network is well divided into individual
communities. However, if the network does not have a clear division into communities,
the modularity is low. [4]

1.4 Community detection algorithms
In the following, we discuss various methods for detecting communities in graphs and
networks. We also describe the algorithms discussed and their basic properties.

Girvan-Newman algorithm detects communities by removing edges from the net-
work. The algorithm works by �rst calculating betweenness centrality1. for all nodes in
the network. It then iteratively removes links and calculates betweenness centrality until
it reaches mutually unconnected components or isolated communities. [12].

Greedy modularity algorithm uses a greedy optimization method of modularity until
it reaches its maximum [9]. It can get stuck in a local optimum, since it relies on a heuristic
and focuses only on the best solution at each step, which is not necessarily the best global
solution for the entire problem [19].

Louvain algorithm is a well-known and widely used algorithm that also relies on
modularity for partition optimization [1]. An advantage of the Louvain algorithm is its
good performance on large networks, while its drawback is that the number of detected
communities depends on the partitioning of the network. Due to the nondeterministic

1Betweenness centrality is de�ned as the ratio of the number of shortest paths between nodes h and j through
node i, to all shortest paths between nodes h and j [3]



nature of the network, different results may be obtained across different iterations of the
algorithm [19].

Leiden algorithm is an improvement over the Louvain algorithm and consists of three
phases. In the �rst phase, nodes are explored locally, in the second phase partitions are
re�ned, and in the third phase the network is aggregated into a new network based on the
improved partition. [20]

Fast Label Propagation and Label Propagation. Algorithms based on Label prop-
agation approaches are very fast and relatively easy to implement, since they rely on the
idea of assigning labels to nodes, where a community is represented by nodes that share
the same label. Fast Label Propagation algorithm is an improvement over Label Propa-
gation by optimizing the order of iterations when examining node neighbors [20]. Both
algorithms are suitable for large networks, as they are simple to use and applicable to
different types of communities.

Random walks are based on the simulation of movements through graphs and de�ne
communities as those parts of the walks where the walk takes the most time. A random
walk in a network is performed iteratively. The condition for a walk to take a long time in
a community is high internal connectivity within the community, which is also one of the
characteristics for community detection. The most well-known examples of this approach
are the Infomap algorithm [16] and the Walktrap algorithm [15]. The main difference
between the two algorithms is that in the Infomap algorithm, the random walk �ow is
conditioned by a map equation that minimizes movement within individual communities.
The space of possible walks is determined deterministically by greedy search and uses a
simulated cooling approach [2]

2 Methods

Analysis of just one network for benchmarking community detection algorithms is not
optimal for understanding the dynamics of different algorithms. [11]. Therefore we need
to use a different approach for benchmarking. Application of real networks for commu-
nity detection shows that the performance of speci�c algorithms is affected by networks
characteristics, therefore we also need to use real networks and not just synthetic net-
works. [13]. It has also been shown that usage of different benchmark approaches on
one network provides different algorithm ranking, so we need to extend the analysis on
multiple networks. [8]

We use two methods for benchmarking community detection algorithms. In the �rst
method we benchmark community detection algorithms on LFR benchmark network.
[11]. Such networks have known communities, therefore we can use them to run different
community detection algorithms and ef�ciently compare the accuracy results by compar-
ing the number of detected communities and modularity. The bene�t of this method is
that we can provide an exact accuracy of speci�c algorithm for such networks because of
the known communities upfront.

In the second method we iteratively run comparison on different complex networks
and compare the results on each algorithm. In this method we usually do not know exactly
how many communities speci�c network has, however we extend the accuracy of com-
munity detection benchmarking to a wider spectrum of different networks and provide a
more realistic insight into accuracy and dynamics of speci�c algorithms.

We �rst analyze the algorithms on LFR benchmark network and later compare se-
lected algorithms for community detection on different networks. The selected networks



are the Zachary’s karate club, Synthetic Network, Social Network with news tweets from
X (former Twitter) with the keyword �Ukraine�, the Citation Network from patents in
the USA, and the Email Network of e-mail communication from a research organization
in the EU. We compare the algorithms with each other on each of these networks and
compare the structural properties of the identi�ed communities using a proposed bench-
marking analysis.

We ran the algorithms for each network separately, and we also ran each algorithm
in 100 iterations in each network to identify any deviations in a larger sample that occur
due to the operation of individual algorithms that use random selections when �nding
a solution and heuristics with which the algorithms try to reduce the search space for
suitable solutions.

The experiment was done locally on Apple MacBook Pro M2 with 32GB of RAM. All
results are then analyzed averaged for all runs. All algorithms were implemented using
NetworkX and CDlib Python libraries.

The criteria on which we compare the algorithms are: the number of detected commu-
nities, the number of nodes in the largest identi�ed community, the average community
size, modularity, the average density, the average node degree, the average clustering co-
ef�cient, and the execution time of the algorithm.

Table 2: Networks and their properties
Network Number of nodes Number of edges
Neuroscience network 30 100
Zachary’s karate club 34 78
Synthetic Network 150 416
X (Twitter) 4874 5418
EU network 265.214 420.045
Citation network 3.774.768 16.518.948

3 Results

3.1 Benchmarking Community Detection Algorithms on LFR bench-
mark Network

First we compare the algorithms on LFR benchmark graph, created using parameters as
followed: n = 150, tau1 = 2.5, tau2 = 1.5, mu = 0.1, min_degree = 10, max_degree
= 30, min_community = 20, max_degree = 40. The parameters ensure well separated
communities in the generated network and ensuring connections between communities.

As seen in Figure 3 most of the algorithms correctly detect the number of commu-
nities, with exemption of Girvan-Newman which detected 4 communities. Also the Fast
Label Propagation algorithms has due to its characteristics a bit of variability in the num-
ber of detected communities which varies from 5 to 6. The LFR benchmark network has
6 communities. Therefore, we see that on LFR benchmark network, which has speci�c
structure so that communities are known upfront we can detect communities using most
of the algorithms.

We can also see in Table 3 that most of the observed criteria on which we compare
the algorithms are more or less the same. The observed results show that we success-



Figure 2: Detected communities in LFR network using Leiden algorithm

Figure 3: Detected communities by different algorithms in LFR network

fully identi�ed communities in LFR benchmark network with exemption of the Girvan-
Newman algorithm.

The �rst LFR benchmark network was in terms of size a small network, we now
do the same analysis on a larger LFR benchmark network with 10.000 nodes. The
parameters were as follows: n=10000, tau1=2.5, tau2=1.5, mu=0.2, min_degree=20,

Table 3: Comparison of community detection algorithms on the LFR network (n=150)
Method Num Communities Max Size Avg Size Modularity Execution Time (s)
Louvain 6 32 25.0 0.668 0.0245
Leiden 6 32 25.0 0.668 0.0099
Infomap 6 32 25.0 0.668 0.0101
Girvan�Newman 4 84 37.5 0.476 6:91 � 10�6
Label Propagation 6 32 25.0 0.668 0.0071
Fast Label Prop. 6 32 25.0 0.668 1:29 � 10�5

Walktrap 6 32 25.0 0.668 0.0076
Greedy Modularity 6 31 25.0 0.659 0.1264



max_degree=80, min_community=100, max_community=300, seed=15, max_iters=300000.
As seen in Table 4 most of the algorithms also detected similar number of commu-

nities, we again see some variation with the Fast Label Propagation algorithm and Label
Propagation as seen in Figure 4.

Figure 4: Detected communities by different algorithms in large LFR network

Table 4: Comparison of community detection algorithms on the LFR network (n = 10000)
Method Num Communities Max Size Avg Size Modularity Execution Time (s)
Louvain 59 294 169.49 0.676 1.116
Leiden 59 294 169.49 0.676 0.918
Infomap 59 294 169.49 0.676 1.575
Label Propagation 56 501 178.57 0.675 0.230
Fast Label Propagation 59 294 169.49 0.676 6:20 � 10�6

Walktrap 59 294 169.49 0.676 8.965

3.2 Benchmarking Community Detection Algorithms on different com-
plex networks

In the following section we will now compare the algorithms on different complex net-
works and compare the results. Most of the work was originally done in master thesis
research [14].

Table 5: Comparison of algorithms in terms of execution time (s)
Algorithm/Network Zachary’s karate club Neuroscience Network Synthetic Network Social Network E-mail Network Citation Network
Louvain 0.0000999 0.0006111 0.0033162 0.4767473 8.3547758 4743.80048
Label Propagation 0.0001801 0.0002840 0.0012709 0.3739566 4.7337946 2291.033145
Fast Label Propagation 0.0000025 0.0000022 0.0000033 0.0000074 0.0000162 0.00231385231
Leiden 0.0010746 0.0009590 0.0033184 0.2472860 4.4387278 436.1735771
Infomap 0.0017194 0.0011369 0.0047150 1.9601560 104.2351924 /
Walktrap 0.0004096 0.0003394 0.0011552 0.8519429 / /
Greedy Modularity 0.0018034 0.0010408 0.0094137 5.5470949 / /
Girvan�Newman 0.0000017 0.0000017 0.0000030 / / /

In other networks the results show that the fastest algorithm in smaller networks is
Girvan-Newman. In practice, there are no signi�cant consequences regarding the choice
of algorithm in smaller networks in terms of execution time. In medium-sized networks,
the algorithms Girvan-Newman and Greedy modularity are not suitable, however the al-
gorithms Leiden and Louvain give the best results.



Table 6: Comparison of algorithms in terms of modularity
Algorithm/Network Zachary’s karate club Neuroscience Network Synthetic Network Social Network E-mail Network Citation Network
Louvain 0.58457 0.44077 0.76294 0.90862 0.79091 0.81151
Label Propagation 0.56520 0.30949 0.70496 0.81517 0.69716 0.57483
Fast Label Propagation 0.55826 0.37273 0.74724 0.80918 0.69585 0.61951
Leiden 0.58460 0.44490 0.76383 0.91144 0.80838 0.83249
Infomap 0.58300 0.43210 0.75960 0.84092 0.80796 /
Walktrap 0.58080 0.32316 0.75609 0.85014 / /
Greedy Modularity 0.58280 0.41096 0.74609 0.90700 / /
Girvan�Newman 0.57640 0.35806 0.64646 / / /

In larger networks, we did not obtain results for the algorithms Greedy modularity,
Girvan-Newman and Walktrap, so they are not suitable for usage. The algorithms Louvain
and Leiden perform most robustly in this case.

The algorithms detected different numbers of communities in all of complex networks.
In LFR benchmark network the algorithms detected the same number of communities,
with exception of Girvan-Newman algorithm. We observe deviations in the formation of
community sizes (in Social Network, the Infomap algorithm creates an average commu-
nity size of 175.54 nodes, while the Walktrap algorithm creates as many as 1613.00). In
the largest network considered, the Leiden algorithm executes noticeably faster than Lou-
vain (Louvain:4743.800s, Leiden: 436.173s). In medium and large networks, the Label
Propagation algorithm creates more communities, while the Louvain algorithm creates
fewer communities. In smaller networks, we did not �nd a pattern that could help us
decide on the choice of algorithm based on the number of detected communities.

Figure 5: Variation of modularity in different networks

We observed that the algorithms are more or less very accurate in terms of analysis of
LFR benchmark network, therefore it can be concluded that such algorithms are suitable
for usage in networks of such structure. However we still need to take into account the
comparison of algorithms in other complex networks where the results were very differ-
ent.

It was shown that Leiden and Louvain algorithms had identical modularity values in
LFR network, however the modularity was different on larger complex networks. This
implies that the performance of this algorithms on synthetic networks cannot be implied
on real networks.

In Figure 5 we see how the variation of modularity changes with different networks,
especially noticeable is the comparison of LFR networks, the �rst LFR networks which is
a lot smaller in terms of the LFR Benchmark 10k which has 10.000 nodes the modularity



is similar. However when we compare the results to real networks the modularity for
algorithm changes when comparing different networks.

4 Discussion
We have shown that if we apply community detection on a LFR benchmark network most
of the algorithms successfully detect the correct number of communities, however when
we apply the algorithms on other complex networks, we see that the results are very
much different due to the nature of speci�c algorithms and modularity optimization of
algorithms.

We have also shown that if we benchmark algorithms on LFR benchmark network, we
can successfully detect communities on all of the algorithms with exemption of Girvan-
Newman, based on that we could conclude that most of the algorithms are suitable for
community detection, however when we apply the same algorithms on complex networks
we see that the results are very much different depending on each algorithm. Therefore
we should benchmark algorithms in such way that we apply all algorithms on different
networks, so that we can observe how speci�c algorithm acts in different network size
and structure.

Results in this research are consistent with previous work on benchmarking commu-
nity detection [11] where it was already noted that synthetic graphs are not re�ecting the
structure and characteristics of real networks. So further more algorithms act differently
in LFR networks compared to real networks.

No algorithm performed optimal in all networks, each algorithm offers advantages in
speci�c network size and structure. With that in perspective benchmarking community
detection algorithms should have a multi dimensional approach using multiple networks
with diverse structure.
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�����0�H�W�K�R�G�R�O�R�J�\ 
The methodology of this work is closely aligned with the planned activities of the DTML-
I4.0 project and is structured in several phases: 

i) Development of DT models via mathematical modeling and simulation, 

ii)  Integration of IoT sensors and data acquisition systems, 

iii)  Implementation of ML algorithms (i.e. Random Forest, LSTM) for predictive 
diagnostics with target accuracy >85%, 

iv) Validation in a real industrial environment, and 

v) Deployment in pilot applications with SCADA/IoT platforms. 

Since the DTML-I4.0 project is in its conceptual stage, this section defines the system 
architecture, data flow, and measurable objectives, such as prediction accuracy, latency 
reduction, and diagnostic reliability that will guide and evaluate subsequent 
implementation. The interaction between the DT and ML layers is modeled as a 
continuous feedback loop, where live sensor data update the digital-twin state, and the 
trained ML algorithms generate predictive diagnostics that are fed back to support early 
warnings, fault detection, and maintenance decisions in the industrial environment. 
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The DT layer provides a continuously updated virtual replica of the physical system, 
enabling real-time visualization, simulation of operational scenarios, and comparison of 
measured and simulated behavior for deeper analysis. 

Finally, the ML and analytics layer applies advanced ML algorithms, including 
supervised methods (regression, random forest, neural networks) and unsupervised 
methods (clustering, anomaly detection), to detect abnormal patterns, predict failures, and 
optimize process performance. Cloud-based and edge-computing solutions are 
considered to ensure scalability and real-time processing capability. 

The communication between layers follows a modular architecture based on standard data 
protocols to ensure interoperability. Feature-extraction and preprocessing modules are 
designed to manage sensor-data heterogeneity and noise. During future implementation, 
model performance will be evaluated through cross-validation and benchmarking against 
traditional threshold-based diagnostics. 

���������0�H�D�V�X�U�H�P�H�Q�W���D�Q�G���G�L�D�J�Q�R�V�W�L�F���P�H�W�K�R�G�V 

Accurate measurement and diagnostics are essential to validate and continuously improve 
the proposed DT�±ML framework. Multiple measurement streams are acquired through 
IoT-enabled sensors, including: 

�x Vibration signals for detecting mechanical imbalance, wear, or misalignment. 

�x Temperature measurements for identifying overheating and thermal stress. 

�x Pressure and flow data for assessing process efficiency and stability. 

�x Particulate concentration (PM2.5, PM10) for ensuring environmental and safety 
compliance. 

Collected data undergo preprocessing (noise reduction, normalization, and feature 
extraction) before being fed into the ML model. Diagnostic methods rely on hybrid 
approaches where deterministic models (derived from system physics) are combined with 
data-driven ML models for enhanced accuracy. Predictive maintenance is achieved by 
ML algorithms trained on both historical and live sensor data, enabling early-fault 
detection and minimizing unplanned downtime.  

2.3 Planned Validation and Evaluation Roadmap 

Future validation of the DT-ML framework will be carried out in a real industrial 
environment where process data are continuously measured and transmitted through an 
integrated metering platform to a secure web interface. The DT environment will mirror 
key operational parameters for comparison with real measurements, while the ML module 
will analyze streaming data in real time to detect anomalies and forecast performance. 

Model evaluation will rely on cross-validated experiments using recorded time-series 
data, with performance quantified by Precision�±Recall AUC (PR-AUC), F1-score, and 
Mean Absolute Percentage Error (MAPE). Expected results include improved early-fault 
detection and reduced diagnostic latency relative to conventional threshold-based 



 

 

approaches. Pilot validation in the �L�Q�G�X�V�W�U�L�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W���Z�L�O�O���F�R�Q�I�L�U�P���W�K�H���I�U�D�P�H�Z�R�U�N�¶�V��
accuracy, robustness, and adaptability, providing the basis for quantitative assessment in 
later project phases. 

�����'�L�V�F�X�V�V�L�R�Q 
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�R�Q�J�R�L�Q�J�� �L�Q�L�W�L�D�W�L�Y�H�� �W�R�� �L�Q�W�H�J�U�D�W�H�� �'�L�J�L�W�D�O�� �7�Z�L�Q�� �D�Q�G�� �0�D�F�K�L�Q�H�� �/�H�D�U�Q�L�Q�J�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �I�R�U��
�L�Q�G�X�V�W�U�L�D�O�� �P�H�D�V�X�U�H�P�H�Q�W���D�Q�G���G�L�D�J�Q�R�V�W�L�F�V���� �,�W���G�H�I�L�Q�H�V�� �D�� �X�Q�L�I�L�H�G���D�U�F�K�L�W�H�F�W�X�U�H�� �D�Q�G���G�D�W�D�� �I�O�R�Z��
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Through continuous acquisition of sensor data, the digital-twin environment replicates 
process dynamics and provides a synchronized virtual representation for simulation and 
scenario testing without interrupting real operations. This coupling between live data and 
virtual modeling enables the analysis of process deviations as they occur, supporting 
anomaly detection and predictive maintenance decisions. Compared to conventional 
threshold-based monitoring, the DT-ML approach is expected to deliver more accurate 
diagnostics and earlier detection of performance degradation. 

A key contribution of the framework is its methodological integration of model-agnostic 
ML algorithms within the twin loop, supported by standardized data exchange and 
evaluation metrics (PR-AUC, F1, MAPE). This structure enables transparent and 
reproducible validation, facilitating comparison across different industrial contexts. In 
practice, the framework provides operators with visualization and decision-support 
capabilities that transform raw data into actionable insights, thereby improving response 
time and maintenance planning. 

The design also considers critical Industry 4.0 challenges, including data interoperability, 
computational scalability, and reliability under real-time constraints. Although initial 
implementation requires investment in sensing and infrastructure, the long-term benefits 
in reliability, cost reduction, and energy efficiency are expected to be substantial. 
Moreover, the framework is inherently modular and can incorporate explainable AI, edge 
analytics, or federated learning in future phases, ensuring adaptability to evolving 
industrial ecosystems. 

Overall, the DT�±ML system advances the integration of DTs and ML by establishing an 
operational feedback framework where machine learning continuously informs the DT 
and supports data-driven diagnostics. The forthcoming pilot validation will provide 
empirical evidence on accuracy, robustness, and scalability, confirming its applicability 
to real industrial processes. 



 

 

�����&�R�Q�F�O�X�V�L�R�Q 
This paper presented the conceptual development of a unified Digital Twin and Machine 
Learning (DT-ML) framework for real-time monitoring, diagnostics, and optimization of 
industrial processes. By linking virtual process models with live sensor data, the 
framework enables synchronized simulation, predictive analytics, and data-driven 
decision support aimed at improving reliability and operational efficiency. 

The proposed methodology defines the architectural, analytical, and validation 
foundations of the DTML-I4.0 project, establishing a clear pathway from conceptual 
design to industrial implementation. ML algorithms trained on historical and live data 
will support predictive maintenance and provide recommendations for process 
adjustment, while the DT environment will provide real-time visualization and 
comparison between measured and simulated performance. 

The study emphasizes the importance of accurate data acquisition, sensor integration, and 
signal processing as prerequisites for trustworthy predictions and diagnostics. Designed 
as modular and platform-agnostic, the framework can be applied across diverse industrial 
domains, ensuring scalability and interoperability. 

Future work will focus on pilot validation in a real industrial environment to assess 
accuracy, robustness, and responsiveness under operational conditions. These results will 
inform subsequent integration of advanced predictive algorithms, real-time feedback, and 
explainable AI mechanisms. 

Overall, the DT-ML framework establishes a flexible and transparent foundation for 
bridging physical and digital industrial systems. Its combination of DT modeling and ML 
analytics provides a pathway toward predictive, adaptive, and sustainable industrial 
operations. 
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Abstract:  This paper presents the design and implementation of a digital feedback 
loop for optimizing material consumption in a manufacturing environment. The study 
focuses on small and medium- sized enterprises (SMEs) that often lack access to 
costly Manufacturing Execution Systems (MES). We demonstrate how commonly 
available tools such as Microsoft Excel, Power Query, and open- source solutions can 
be combined. We created a functional feedback mechanism linking ERP data, CNC 
machine outputs, and production logs. The proposed solution was developed and 
tested in a woodworking company producing custom furniture components. By 
integrating heterogeneous data sources, we established a real- time overview of 
material usage and waste, reducing manual work and increasing process transparency. 
The study highlights the role of simple Extract Transform Load (ETL) tools in 
supporting smart manufacturing, data- driven decision- making, and continuous 
process improvement. 
 
Key Words: Digital feedback loop, Smart manufacturing, Power Query, ERP 
integration, Data transformation, Material optimization, ETL process 

1 Introduction   
The competitiveness of manufacturing enterprises increasingly depends on their ability 
to digitalize and automate core business processes. However, many organizations face 
challenges in implementing full-scale digital transformation. Incomplete digitalization 
results in information silos, manual interventions, and inefficient workflows. Employees 
often lack the necessary digital literacy to exploit the potential of available technologies, 
and integration between systems such as Enterprise Resource Planning (ERP). 
Therefore production control is frequently inadequate. For small and medium-sized 
enterprises (SMEs), these challenges are further amplified by limited financial resources 
and insufficient IT support. While large companies can afford dedicated MES software, 
SMEs must seek alternative, low-cost solutions for data integration and process 
monitoring. 
 
The aim of this paper is to explore how a digital feedback loop can be established using 
affordable tools like Microsoft Excel, Power Query and open sources solutions to 
optimize material usage in manufacturing processes. The approach demonstrates how 
even basic tools can enable smart manufacturing principles, linking real-time data 
capture, analysis, and feedback. 
 



2 Related Work 

To maintain competitiveness in the digital economy, effective change management and 
the optimization of operational performance are crucial. These factors demand high 
organizational agility. Traditional, periodic feedback methods are too slow to address 
real-time challenges. Organizations are therefore shifting to Continuous Feedback 
Loops (CFL). These act as a constant mechanism for capturing, analyzing, and 
responding to events in the production process in real time. This dynamic approach 
enables leaders to make data-driven adjustments and proactively address emerging 
issues. This consequently increases agility and reduces resistance to change [1].  
 
Key to operational management and performance improvement are Business 
Intelligence (BI) systems, which transform raw data into knowledge for decision-
making. The Microsoft Power BI platform allows for the creation of real-time 
dashboards, facilitating the tracking of Key Performance Indicators (KPIs) and enabling 
timely, data-driven decisions. Such affordable solutions are particularly important for 
Small and Medium-sized Enterprises (SMEs) [5]. The Action Design Research (ADR) 
methodology is often used in research to develop and evaluate these solutions in a real-
world context [5, 7]. 
 
Establishing a digital feedback loop requires a reliable ETL (Extraction, 
Transformation, Load) process to capture and transform data from various sources. In 
the modern environment using predictive analytics, traditionally static ETL pipelines are 
being transformed into dynamic feedback infrastructures. These operate as two-way 
channels: they supply data for training (Forward Flow) and capture feedback from 
model outputs or user responses (Backward Flow). This is essential for continuous 
model learning and adaptation, enabling automated monitoring, retraining, and 
redeployment [2]. 
 
The Power Query tool (integrated into Power BI and Excel) is recognized as suitable for 
performing the ETL process even for less skilled users. It allows for data preparation, 
processing, and cleaning, and addresses issues related to insufficient knowledge and 
poor digital literacy of employees [6]. 
 
In real-time systems, data quality is the most critical success factor, because incomplete 
or inconsistent data leads to inaccurate predictions and operational inefficiency. Data 
quality assurance must be an integrated and continuous process throughout the entire 
ETL lifecycle [3]. 
 
Beyond the technical challenges of digitalization, there is also the risk of degenerative 
feedback loops in human-AI interactions. Interacting with biased AI systems alters 
human judgment processes and consequently amplifies biases in people, triggering a 
snowball effect [4]. This highlights the necessity of moving towards objective, data-
driven systems. 

3 Research context 
The research was conducted in a medium-sized woodworking company specializing in 
the production of custom furniture for automotive interiors. Each product consists of 
numerous wooden components manufactured from large wooden panels using CNC 
machines. The production process starts with raw boards that are cut based on 
Computer-Aided Design (CAD) drawings. The CAD software generates two files: a 



visual layout in PDF file format and a binary file for machine control. The PDF file 
contains the cutting layout, element identifiers, and quantities, while the binary file 
serves as input for CNC machines. 
 
The estimated standard for material consumption of the selected production item was 
recorded in the bill of materials (BOM) within the ERP system. One of the main 
challenges was the inconsistency between CAD and ERP identifiers, as the same 
drawing could correspond to multiple ERP item codes. To enable integration, a mapping 
function between CAD and ERP codes had to be developed. Data from the production 
process was not stored in one system, and integration was missing. This led to 
inefficient manual data reconciliation. Consequently, real-time monitoring of material 
consumption was hindered. 
 
4 Methodology  
We developed the digital feedback loop following the Action Design Research (ADR) 
framework, combining practical intervention with systematic evaluation. The process 
consisted of four main stages: (1) identification of data sources, (2) integration and 
transformation of data, (3) creation of a consolidated data model, and (4) validation and 
visualization of results. 
 
At f irst, all relevant data sources were identified, including ERP exports, PDF and CSV 
files generated by CNC machines, and Excel records maintained by warehouse staff. 
Each source used different file formats, encodings, and naming conventions. In the 
second step, by using Power Query in Excel, we implemented an Extract-Transform-
Load (ETL) process to automatically gather and clean these data sources. Power Query 
was chosen due to its accessibility, its ability to import multiple files simultaneously, 
and its strong transformation capabilities. The ETL pipeline standardized column 
names, removed inconsistencies, and merged records based on shared identifiers. In 
third step, we established a mapping table to link CAD item identifiers with ERP 
material codes, ensuring that all material usage data could be aggregated per product 
and per production order. Finally, validation was performed through manual comparison 
of calculated and recorded material consumption, and results were visualized through 
Excel dashboards and summary tables.  

5 Results  
The implemented Power Query solution successfully connected data from multiple 
heterogeneous sources into a unified view. By combining CNC-generated files, ERP 
issue records, and Excel-based warehouse logs, the system provided an integrated 
overview of material flow through production. 
 



 
 

Figure 1 �± Production Process Overview and Feedback Loop 
 
Figure 1 illustrates the manufacturing process flow from CAD design to production 
feedback. Each stage generates digital data that feed into the feedback loop. 
 

 
 

Figure 2 �± Data Flow Diagram 
 
Figure 2 presents the data flow architecture, highlighting sources, their connection and 
dependencies and outputs. 
 



 
 

Figure 3 �± ETL process supported by Power Query 
 
Figure 3 presents the sources and steps of ETL process conducted in Power Query 
module within Microsoft Excel application. The final results were exported as Excel 
table. 
 
The resulting system enabled real-time tracking of material usage per product, 
identification of waste, and deviation analysis between normative and actual 
consumption. Employees were able to verify discrepancies quickly, reducing manual 
reporting and increasing awareness of material efficiency. The project confirmed that 
even cost-effective software like Power Query with ETL process support (available in 
Microsoft Excel), when properly configured, can replicate the essential functionalities 
of MES. The costs of realizing such a system are also significantly lower. The approach 
thus bridges the gap between traditional manufacturing and smart factory principles. 

6 Discussion  
The results demonstrate that SMEs can achieve substantial benefits from digital 
feedback loops without investing in expensive IT infrastructure. The proposed solution 
fosters collaboration between production, warehouse, and development departments by 
providing shared visibility of operational data. However, challenges remain in ensuring 
data quality and employee engagement. Training proved essential, as limited digital 
literacy among staff initially hindered adoption. The study also highlights that 



organizational readiness is as critical as technological capability in successful digital 
transformation. From a technical perspective, Power Query and Python libraries such as 
pandas can complement each other (Power Query for accessibility and Python for 
advanced analytics). The next logical step involves extending this approach with 
automated updates of normative in ERP application, predictive models for waste 
reduction, and integration with Power BI dashboards.  

7 Conclusion and Further Work 

This research confirmed that a digital feedback loop can be implemented using standard 
office tools like Microsoft Excel and Power Query, making smart manufacturing 
principles achievable even in resource-constrained environments. The integration of 
heterogeneous data sources improved transparency, material efficiency, and data-driven 
decision making. The case study validated the feasibility of using low-cost digital tools 
to replicate key MES functionalities. 
 
Future research will focus on expanding automation, introducing real-time data 
synchronization between ERP and production equipment, and developing predictive 
analytics models to further optimize material usage and reduce production waste.  
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Abstract:  
 
Customer retention is a major problem in the telecommunications industry. This study 
develops and evaluates models to identify possible churners. Machine learning 
�W�H�F�K�Q�L�T�X�H�V�����³�'�H�F�L�V�L�R�Q���7�U�H�H�V�´�����³�5�D�Q�G�R�P���)�R�U�H�V�W�V�´�����³�/�R�J�L�V�W�L�F���5�H�J�U�H�V�V�L�R�Q�´���D�Q�G���³�1�H�X�U�D�O��
Networks (multilayer �S�H�U�F�H�S�W�U�R�Q���0�/�3���´�����Z�H�U�H���D�S�S�O�L�H�G���W�K�U�R�X�J�K���3�\�W�K�R�Q���D�Q�G���5���W�R���D�Q�D�O�\�]�H��
�W�K�H�� �³�7�H�O�F�R�� �&�X�V�W�R�P�H�U�� �&�K�X�U�Q�´�� �.�D�J�J�O�H�� �G�D�W�D�V�H�W���� �E�D�V�H�G�� �R�Q�� �F�X�V�W�R�P�H�U�� �D�V�V�H�V�W�V�� �D�Q�G�� �V�H�U�Y�L�F�H��
usage. The data pre-processing compiled missing data and then standardized it. 
Evaluation used nested 10-fold cross-validation with an inner loop for hyperparameter 
tuning and mutual-information top-K feature pruning, with pre-processing confined to 
training folds. In Python, RF and LR achieve F1(~0.629), with Logistic Regression 
accuracy ~0.75. In R, Logistic Regression performed best (F1 �§�������������“����������, Accuracy �§��
0.80 ± 0.01). Metrics derived from pooled confusion matrices averaged over folds equal 
outer-fold means, confirming generalization across folds and between Python and R. 
Research offers empirical evidence for transferring and testing churn prediction models 
across Python and R in telecommunications analytics, with fully reproducible evaluation 
and results. 
 
Keywords: Customer churn, telecommunications, churn prediction, machine learning, 
random Forest, decision tree, logistic regression, neural networks (MLP), Python, R, 
Nested cross-validation 

1 Introduction  
�)�R�U�� �W�K�H�� �S�U�R�Y�L�G�H�U�V�� �R�I�� �W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�V���� �K�L�J�K�� �F�X�V�W�R�P�H�U�� �F�K�X�U�Q�� �P�H�D�Q�V�� �V�H�Y�H�U�H�� �I�L�Q�D�Q�F�L�D�O��
�O�R�V�V�H�V���V�L�Q�F�H���W�K�H�L�U���F�X�V�W�R�P�H�U�V���O�H�D�Y�H���I�R�U���D���Y�D�U�L�H�W�\���R�I���U�H�D�V�R�Q�V���W�K�D�W���F�D�Q���U�D�Q�J�H���I�U�R�P���X�Q�K�D�S�S�L�Q�H�V�V��
�W�R���U�H�F�H�L�Y�L�Q�J���E�H�W�W�H�U���R�I�I�H�U�V���H�O�V�H�Z�K�H�U�H���R�U���G�X�H���W�R���S�H�U�V�R�Q�D�O���F�K�D�Q�J�H�V���D�V���D�O�V�R���R�E�V�H�U�Y�H�G���L�Q���Z�R�U�N�V��
�R�Q���G�\�Q�D�P�L�F���F�K�X�U�Q���E�H�K�D�Y�L�R�U���>���@�����7�K�H���N�Q�R�Z�O�H�G�J�H���R�I���S�U�H�G�L�F�W�L�Q�J���F�X�V�W�R�P�H�U���F�K�X�U�Q���L�V���L�P�S�R�U�W�D�Q�W��
�L�Q���W�K�H���S�U�R�F�H�V�V���R�I���U�H�W�D�L�Q�L�Q�J���W�K�H���F�X�V�W�R�P�H�U�V���>�����@�����/�R�V�V���R�I���F�X�V�W�R�P�H�U�V���P�H�D�Q�V���O�R�V�W���U�H�Y�H�Q�X�H���I�R�U��
�E�X�V�L�Q�H�V�V�H�V�����E�H�F�D�X�V�H���N�H�H�S�L�Q�J���H�[�L�V�W�L�Q�J���F�O�L�H�Q�W�V���L�V���F�K�H�D�S�H�U���W�K�D�Q���D�F�T�X�L�U�L�Q�J���Q�H�Z���R�Q�H�V�����%�H�L�Q�J��
�D�E�O�H�� �W�R�� �S�U�H�G�L�F�W�� �F�K�X�U�Q���� �D�O�O�R�Z�V�� �F�R�P�S�D�Q�L�H�V�� �W�R�� �U�H�G�X�F�H�� �H�[�S�H�Q�V�H�V�� �D�Q�G�� �L�Q�F�U�H�D�V�H�� �U�H�Y�H�Q�X�H����
�2�U�J�D�Q�L�]�D�W�L�R�Q�V�� �W�K�D�W�� �F�D�Q�� �S�U�H�G�L�F�W�� �F�K�X�U�Q���� �H�Q�D�E�O�L�Q�J�� �W�K�H�P�� �W�R�� �R�I�I�H�U�� �S�H�U�V�R�Q�D�O�L�]�H�G���U�H�Z�D�U�G�V�� �D�Q�G��
�E�H�W�W�H�U�� �V�H�U�Y�L�F�H�� �R�I�I�H�U�L�Q�J�V�� �W�R�� �L�P�S�U�R�Y�H�� �F�X�V�W�R�P�H�U�� �V�D�W�L�V�I�D�F�W�L�R�Q�� �D�Q�G�� �U�H�W�H�Q�W�L�R�Q�����F�D�Q�� �O�H�D�G�� �W�K�H��
�P�D�U�N�H�W�� �D�Q�G�� �F�R�Q�W�L�Q�X�H�� �U�H�Y�H�Q�X�H�� �J�H�Q�H�U�D�W�L�R�Q�� �I�R�U�� �L�Q�Q�R�Y�D�W�L�R�Q���� �7�K�L�V�� �S�D�S�H�U�� �F�R�P�S�D�U�H�V�� �W�K�H��



 

 

�S�H�U�I�R�U�P�D�Q�F�H�� �R�I�� �I�R�X�U�� �V�X�S�H�U�Y�L�V�H�G�� �W�H�F�K�Q�L�T�X�H�V���� �'�H�F�L�V�L�R�Q�� �7�U�H�H���� �5�D�Q�G�R�P�� �)�R�U�H�V�W���� �/�R�J�L�V�W�L�F��
�5�H�J�U�H�V�V�L�R�Q���D�Q�G���1�H�X�U�D�O���1�H�W�Z�R�U�N�����0�/�3�����I�R�U���S�U�H�G�L�F�W�L�Q�J���W�K�H���W�H�O�H�F�R�P���F�K�X�U�Q���R�Q���S�X�E�O�L�F���³�7�H�O�F�R��
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2.1 Overview of Existing Research on Churn Prediction 
Various literature sources investigate the use of machine learning for churn prediction. 
For instance, in [23] a data balancing was introduced, [5] emphasized the efficiency of 
techniques and in [2] learning techniques were suggested to improve capacities. Churn 
prediction has evolved from statistics to machine learning. Among the datasets used in 
studies are those provided by telecom providers over platforms such as Kaggle for 
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3 Dataset Description 
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3.1 Source of the Data 
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Table  1. Summary table of the variables 

Variable Description Type / Values 
customerID Unique customer 

identifier 
String (excluded from modeling) 

gender Customer gender Categorical: Female, Male 
SeniorCitizen Senior status Binary: 0 = No, 1 = Yes 

Partner Whether customer has a 
partner 

Categorical: Yes, No 

Dependents Whether customer has 
dependents 

Categorical: Yes, No 

tenure Number of months 
customer has stayed with 

company 

Integer: 1 �± 72 

PhoneService Whether customer has a 
phone service 

Categorical: Yes, No 

MultipleLines Multiple line service Categorical: Yes, No, No phone service 
InternetService Internet service provider Categorical: DSL, Fiber optic, No 
OnlineSecurity Online security add-on Categorical: Yes, No, No internet service 
OnlineBackup Online backup add-on Categorical: Yes, No, No internet service 

DeviceProtection Device protection plan Categorical: Yes, No, No internet service 
TechSupport Technical support add-on Categorical: Yes, No, No internet service 
StreamingTV Streaming TV service Categorical: Yes, No, No internet service 

StreamingMovies Streaming movies service Categorical: Yes, No, No internet service 
Contract Contract type Categorical: Month-to-month, One year, 

Two year 
PaperlessBilling Whether customer uses 

paperless billing 
Categorical: Yes, No 



 

 

PaymentMethod Payment method Categorical: Electronic check, Mailed check, 
Bank transfer (automatic), Credit card 

(automatic) 
MonthlyCharges Monthly charges billed 

during tenure 
Continuous (float): 18 �± 118 USD 

TotalCharges Total charges billed 
during tenure 

Continuous (float): 19 �± 8685 USD 

Churn Whether customer 
discontinued service 
during observation 

Categorical: Yes, No 
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4 Methodology 
�,�Q���W�K�L�V���V�H�F�W�L�R�Q�����D�S�S�U�R�D�F�K�H�V���D�Q�G���V�W�H�S�V���W�D�N�H�Q���L�Q���E�X�L�O�G�L�Q�J���D�Q�G���H�Y�D�O�X�D�W�L�Q�J���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q��
�P�R�G�H�O�V�� �Z�H�U�H�� �G�H�V�F�U�L�E�H�G���� �,�W�� �V�K�R�Z�V�� �W�K�H�� �S�U�H�S�D�U�D�W�L�R�Q�� �R�I�� �G�D�W�D�� �D�Q�G�� �P�R�G�H�O���� �W�K�H�L�U�� �W�U�D�L�Q�L�Q�J�� �D�Q�G��
�H�Y�D�O�X�D�W�L�R�Q�����7�K�U�H�H���P�H�W�K�R�G�V���Z�H�U�H���X�V�H�G���W�R���U�H�G�X�F�H���W�K�H���H�I�I�H�F�W�V���R�I���F�O�D�V�V���L�P�E�D�O�D�Q�F�H�����V�W�U�D�W�L�I�L�H�G��
�I�R�O�G�V�����S�U�H�F�L�V�L�R�Q���U�H�F�D�O�O���)�����H�Y�D�O�X�D�W�L�R�Q���U�H�S�R�U�W�V�����D�Q�G���F�O�D�V�V���Z�H�L�J�K�W�V���G�X�U�L�Q�J���W�X�Q�L�Q�J���I�R�U���/�R�J�L�V�W�L�F��
�5�H�J�U�H�V�V�L�R�Q���D�Q�G���5�D�Q�G�R�P���)�R�U�H�V�W�� 

4.1 Decision Trees 
�'�H�F�L�V�L�R�Q�� �7�U�H�H�V���� �D�� �Q�R�Q���S�D�U�D�P�H�W�U�L�F�� �P�H�W�K�R�G�� �I�R�U�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �D�Q�G�� �U�H�J�U�H�V�V�L�R�Q���� �L�W�H�U�D�W�L�Y�H�O�\��
�G�L�Y�L�G�H���G�D�W�D���E�D�V�H�G���R�Q���L�Q�S�X�W���I�H�D�W�X�U�H���Y�D�O�X�H�V���>�����@�����6�S�O�L�W�V���D�U�H���G�H�W�H�U�P�L�Q�H�G���E�\���P�H�W�U�L�F�V���O�L�N�H���*�L�Q�L��
�L�P�S�X�U�L�W�\�� 
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�F�D�S�D�E�L�O�L�W�\�� �W�R�� �S�U�R�F�H�V�V�� �E�R�W�K�� �Q�X�P�H�U�L�F�D�O�� �D�Q�G�� �F�D�W�H�J�R�U�L�F�D�O�� �Y�D�U�L�D�E�O�H�V�� �Z�L�W�K�R�X�W�� �Q�H�H�G�L�Q�J��
�Q�R�U�P�D�O�L�]�D�W�L�R�Q�� �R�U�� �I�H�D�W�X�U�H���V�F�D�O�L�Q�J���� �7�K�H�� �L�Q�W�H�U�S�U�H�W�D�E�L�O�L�W�\�� �R�I�� �'�H�F�L�V�L�R�Q�� �7�U�H�H�V�� �P�D�N�H�V�� �W�K�H�P��
�D�S�S�U�R�S�U�L�D�W�H�� �I�R�U�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �W�K�D�W�� �U�H�T�X�L�U�H�� �W�U�D�Q�V�S�D�U�H�Q�F�\���� �7�K�H�� �K�L�J�K�� �G�H�J�U�H�H�� �R�I�� �Y�D�U�L�D�Q�F�H�� �L�Q��
�'�H�F�L�V�L�R�Q���7�U�H�H�V���P�D�N�H�V���W�K�H�P���V�H�Q�V�L�W�L�Y�H���W�R���V�P�D�O�O���L�Q�S�X�W���G�D�W�D���S�H�U�W�X�U�E�D�W�L�R�Q�V�����Z�K�L�F�K���U�H�V�X�O�W�V���L�Q��
�X�Q�V�W�D�E�O�H���W�U�H�H���V�W�U�X�F�W�X�U�H�V�����7�K�H���P�R�G�H�O���W�H�Q�G�V���W�R���R�Y�H�U�I�L�W���F�R�P�S�O�H�[���G�D�W�D�V�H�W�V���Z�K�H�Q���Q�R�W���O�L�P�L�W�H�G���E�\��
�U�H�J�X�O�D�U�L�]�D�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V���V�X�F�K���D�V���S�U�X�Q�L�Q�J���R�U���P�D�[�L�P�X�P���G�H�S�W�K���U�H�V�W�U�L�F�W�L�R�Q�� 

4.2 Random Forest 
�5�D�Q�G�R�P�� �)�R�U�H�V�W���� �D�Q�� �H�Q�V�H�P�E�O�H�� �P�H�W�K�R�G���� �F�R�P�E�L�Q�H�V�� �P�X�O�W�L�S�O�H�� �G�H�F�L�V�L�R�Q�� �W�U�H�H�V�� �W�R�� �L�P�S�U�R�Y�H��
�D�F�F�X�U�D�F�\���>�����@�����3�U�H�G�L�F�W�L�R�Q�V���D�U�H���P�D�G�H���E�\���P�D�M�R�U�L�W�\���Y�R�W�L�Q�J�� 
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�J�H�Q�H�U�D�O�L�]�D�W�L�R�Q�� �S�H�U�I�R�U�P�D�Q�F�H�� �D�Q�G�� �P�R�G�H�O�� �U�R�E�X�V�W�Q�H�V�V�� �H�V�S�H�F�L�D�O�O�\�� �Z�K�H�Q�� �G�H�D�O�L�Q�J�� �Z�L�W�K�� �K�L�J�K��
�G�L�P�H�Q�V�L�R�Q�D�O�� �G�D�W�D�V�H�W�V���>�����@���� �5�D�Q�G�R�P�� �)�R�U�H�V�W�V�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�K�H�� �D�E�L�O�L�W�\�� �W�R�� �G�H�W�H�F�W�� �F�R�P�S�O�H�[��
�Q�R�Q���O�L�Q�H�D�U�� �S�D�W�W�H�U�Q�V���� �D�Q�G�� �W�K�H�\�� �R�I�I�H�U�� �E�X�L�O�W���L�Q�� �I�H�D�W�X�U�H�� �L�P�S�R�U�W�D�Q�F�H�� �V�F�R�U�L�Q�J���� �7�K�H�� �L�P�S�U�R�Y�H�G��
�S�U�H�G�L�F�W�L�Y�H���F�D�S�D�E�L�O�L�W�L�H�V���R�I���5�D�Q�G�R�P���)�R�U�H�V�W�V���U�H�V�X�O�W���L�Q���G�H�F�U�H�D�V�H�G���L�Q�W�H�U�S�U�H�W�D�E�L�O�L�W�\���E�H�F�D�X�V�H���W�K�H��
�G�H�F�L�V�L�R�Q���P�D�N�L�Q�J���S�U�R�F�H�V�V���E�H�F�R�P�H�V���R�E�V�F�X�U�H���W�K�U�R�X�J�K���W�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���P�X�O�W�L�S�O�H���W�U�H�H�V�����7�K�H��
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���5�D�Q�G�R�P���)�R�U�H�V�W�V���G�H�P�D�Q�G�V���D�G�G�L�W�L�R�Q�D�O���F�R�P�S�X�W�D�W�L�R�Q�D�O���U�H�V�R�X�U�F�H�V���Z�K�L�F�K��
�L�Q�F�O�X�G�H���P�H�P�R�U�\���D�Q�G���S�U�R�F�H�V�V�L�Q�J���W�L�P�H���U�H�T�X�L�U�H�P�H�Q�W�V���H�V�S�H�F�L�D�O�O�\���Z�K�H�Q���Z�R�U�N�L�Q�J���Z�L�W�K���O�D�U�J�H��
�G�D�W�D�V�H�W�V���R�U���Q�X�P�H�U�R�X�V���W�U�H�H�V�� 

4.3 Logistic Regression 

�/�R�J�L�V�W�L�F���5�H�J�U�H�V�V�L�R�Q�����Z�L�G�H�O�\���X�V�H�G���I�R�U���F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����K�D�V���E�H�H�Q���V�K�R�Z�Q���H�I�I�H�F�W�L�Y�H���L�Q���W�H�O�H�F�R�P��
�F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q�����L�Q�F�O�X�G�L�Q�J���E�R�W�K���W�U�D�G�L�W�L�R�Q�D�O���O�R�J�L�V�W�L�F���P�R�G�H�O�V���>�����@���D�Q�G���E�U�R�D�G�H�U���U�H�Y�L�H�Z�V���R�I��
�F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V�����7�K�H���O�R�J�L�V�W�L�F���I�X�Q�F�W�L�R�Q���L�V�� 
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�V�L�P�S�O�L�F�L�W�\���� �L�Q�W�H�U�S�U�H�W�D�E�L�O�L�W�\���� �D�Q�G�� �Z�H�O�O���H�V�W�D�E�O�L�V�K�H�G�� �V�W�D�W�L�V�W�L�F�D�O�� �W�K�H�R�U�\���� �/�R�J�L�V�W�L�F�� �5�H�J�U�H�V�V�L�R�Q��
�D�O�V�R�� �D�V�V�X�P�H�V�� �W�K�D�W�� �W�K�H�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �Y�D�U�L�D�E�O�H�V�� �D�U�H�� �O�L�Q�H�D�U�O�\�� �U�H�O�D�W�H�G�� �W�R�� �W�K�H�� �O�R�J���R�G�G�V�� �R�I���W�K�H��
�G�H�S�H�Q�G�H�Q�W���Y�D�U�L�D�E�O�H���D�Q�G���W�K�D�W���L�W���D�O�O�R�Z�V���I�R�U���G�L�U�H�F�W���H�Y�D�O�X�D�W�L�R�Q���R�I���I�H�D�W�X�U�H���F�R�Q�W�U�L�E�X�W�L�R�Q�V���W�K�U�R�X�J�K��
�P�R�G�H�O���F�R�H�I�I�L�F�L�H�Q�W�V�����7�K�L�V���D�V�S�H�F�W���R�I���/�R�J�L�V�W�L�F���5�H�J�U�H�V�V�L�R�Q���P�D�N�H�V���L�W���E�H�V�W���V�X�L�W�H�G���W�R���V�L�W�X�D�W�L�R�Q�V��
�Z�K�H�U�H�� �P�R�G�H�O�� �H�[�S�O�D�L�Q�D�E�L�O�L�W�\�� �L�V�� �Q�H�F�H�V�V�D�U�\���� �1�H�Y�H�U�W�K�H�O�H�V�V���� �L�W�V�� �O�L�Q�H�D�U�L�W�\���O�L�P�L�W�V�� �L�W�V�� �D�E�L�O�L�W�\�� �W�R��
�P�R�G�H�O���F�R�P�S�O�H�[�����Q�R�Q���O�L�Q�H�D�U���U�H�O�D�W�L�R�Q�V�K�L�S�V���E�H�W�Z�H�H�Q���G�D�W�D�����)�X�U�W�K�H�U�P�R�U�H�����L�W���F�D�Q���S�H�U�I�R�U�P���V�X�E��
�R�S�W�L�P�D�O�O�\���Z�K�H�Q���W�K�H�U�H���D�U�H���F�R�U�U�H�O�D�W�H�G���I�H�D�W�X�U�H�V���W�K�D�W���D�U�H���R�I���L�Q�W�H�U�H�V�W���R�U���Z�K�H�Q���F�O�D�V�V���G�L�V�W�U�L�E�X�W�L�R�Q�V��
�D�U�H���X�Q�E�D�O�D�Q�F�H�G���X�Q�O�H�V�V���D�G�G�L�W�L�R�Q�D�O���S�U�H���S�U�R�F�H�V�V�L�Q�J���R�U���U�H�J�X�O�D�U�L�]�D�W�L�R�Q���L�V���H�P�S�O�R�\�H�G�� 

4.4 Neural Network 
�$���I�H�H�G�I�R�U�Z�D�U�G���P�X�O�W�L�O�D�\�H�U���S�H�U�F�H�S�W�U�R�Q�����0�/�3�����Z�D�V���X�V�H�G���W�R���P�R�G�H�O���Q�R�Q���O�L�Q�H�D�U���U�H�O�D�W�L�R�Q�V�K�L�S�V��
�>���@�>�����@�����+�\�S�H�U�S�D�U�D�P�H�W�H�U�V���Z�H�U�H���W�X�Q�H�G���E�\���L�Q�Q�H�U���F�U�R�V�V���Y�D�O�L�G�D�W�L�R�Q�����7�K�H���0�/�3���X�V�H�G���$�G�D�P���L�Q��
�3�\�W�K�R�Q���D�Q�G���D���T�X�D�V�L���1�H�Z�W�R�Q���R�S�W�L�P�L�]�H�U���Z�L�W�K���Z�H�L�J�K�W���G�H�F�D�\���L�Q���5�� 
�1�H�X�U�D�O�� �1�H�W�Z�R�U�N�V�� �D�U�H�� �K�L�J�K�O�\�� �I�O�H�[�L�E�O�H�� �P�R�G�H�O�V���� �F�D�S�D�E�O�H�� �R�I�� �O�H�D�U�Q�L�Q�J�� �F�R�P�S�O�H�[�� �Q�R�Q���O�L�Q�H�D�U��
�U�H�O�D�W�L�R�Q�V�K�L�S�V�� �Z�L�W�K�L�Q���G�D�W�D�� �Y�L�D�� �K�L�H�U�D�U�F�K�L�F�D�O�� �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���� �D�Q�G���K�D�Y�H�� �D�O�V�R���E�H�H�Q���R�S�W�L�P�L�]�H�G��
�Z�L�W�K�� �H�Y�R�O�X�W�L�R�Q�D�U�\�� �D�Q�G�� �U�D�L�Q���L�Q�V�S�L�U�H�G�� �D�O�J�R�U�L�W�K�P�V�� �>�����@���>�����@���� �7�K�L�V�� �I�O�H�[�L�E�L�O�L�W�\�� �P�D�N�H�V�� �W�K�H�P��
�R�X�W�S�H�U�I�R�U�P�� �W�U�D�G�L�W�L�R�Q�D�O�� �D�O�J�R�U�L�W�K�P�V�� �R�Q�� �W�D�V�N�V�� �Z�L�W�K�� �O�D�U�J�H�� �D�Q�G�� �L�Q�W�U�L�F�D�W�H�� �G�D�W�D�V�H�W�V���� �H�V�S�H�F�L�D�O�O�\��
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4.5 Data Preparation 
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Table 1. Dataset Size after Each Pre-processing Step 
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4.6 Model Training and Evaluation 
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4.7 Implementation Details and Reproducibility 
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5 Results and Discussion 
This section reports performance for Decision Tree, Random Forest, Logistic Regression, 
and a Neural Network (MLP) under the nested 10-fold protocol. Metrics are computed 
on the outer test folds only; values are shown as mean ± standard deviation across the 10 
folds. 

5.1 Evaluation of the Decision Tree Model 
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Table 2. Pooled confusion matrix for Decision Tree 
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Table 3. Classification report for Decision Tree 
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5.2 Evaluation of the Random Forest Model 
 

Table 4. Pooled confusion matrix for Random Forest 
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Table 5. Classification report for Random Forest 
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5.3 Evaluation of the Logistic Regression Model 

Table 6. Pooled confusion matrix for Logistic Regression 
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Table 7. Classification report for Logistic Regression 
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5.4 Evaluation of the Neural Network (MLP) Model 

Table 8. Pooled confusion matrix for Neural Network (MLP) 
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Table 9. Classification report for Neural Network (MLP) 
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5.5 Overall comparison of models 
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Table 10. Summary of model performance across Python and R 

�0�R�G�H�O �(�Q�Y�L�U�R�Q�P�H�Q�W �$�F�F�X�U�D�F�\ �3�U�H�F�L�V�L�R�Q �5�H�F�D�O�O �)�� 

�'�H�F�L�V�L�R�Q��
�7�U�H�H �3�\�W�K�R�Q ���������� ���������� ���������� ���������� 



 

 

�'�H�F�L�V�L�R�Q��
�7�U�H�H �5 ���������� ���������� ���������� ���������� 

�5�D�Q�G�R�P��
�)�R�U�H�V�W �3�\�W�K�R�Q ���������� ���������� ���������� ���������� 

�5�D�Q�G�R�P��
�)�R�U�H�V�W �5 ���������� ���������� ���������� ���������� 

�/�R�J�L�V�W�L�F��
�5�H�J�U�H�V�V�L�R�Q 

�3�\�W�K�R�Q ���������� ���������� ���������� ���������� 

�/�R�J�L�V�W�L�F��
�5�H�J�U�H�V�V�L�R�Q �5 ���������� ���������� ���������� ���������� 

�1�H�X�U�D�O��
�1�H�W�Z�R�U�N��

�0�/�3 
�3�\�W�K�R�Q ���������� ���������� ���������� ���������� 

�1�H�X�U�D�O��
�1�H�W�Z�R�U�N��

�0�/�3 
�5 ���������� ���������� ���������� ���������� 

6 Conclusion 
�7�K�L�V�� �V�W�X�G�\�� �K�D�V�� �V�\�V�W�H�P�D�W�L�F�D�O�O�\�� �F�R�Q�V�W�U�X�F�W�� �D�Q�G�� �H�P�S�L�U�L�F�D�O�O�\�� �H�[�D�P�L�Q�H�G�� �H�D�F�K�� �R�I�� �I�R�X�U���F�K�X�U�Q��
�S�U�H�G�L�F�W�L�R�Q�� �P�R�G�H�O�V�� ���'�H�F�L�V�L�R�Q�� �7�U�H�H���� �5�D�Q�G�R�P�� �)�R�U�H�V�W���� �/�R�J�L�V�W�L�F�� �5�H�J�U�H�V�V�L�R�Q�� �D�Q�G�� �1�H�X�U�D�O��
�1�H�W�Z�R�U�N�� ���0�/�3������ �$�� �Q�H�V�W�H�G�� �������I�R�O�G�� �F�U�R�V�V�� �Y�D�O�L�G�D�W�L�R�Q�� �Z�L�W�K�� �L�Q�Q�H�U���O�R�R�S�� �K�\�S�H�U�S�D�U�D�P�H�W�H�U��
�R�S�W�L�P�L�]�D�W�L�R�Q���� �P�X�W�X�D�O���L�Q�I�R�U�P�D�W�L�R�Q�� �E�D�V�H�G�� �W�R�S���.�� �I�H�D�W�X�U�H�� �V�H�O�H�F�W�L�R�Q�� �D�Q�G�� �O�H�D�N�D�J�H���V�D�I�H�� �S�U�H��
�S�U�R�F�H�V�V�L�Q�J���Z�D�V���L�P�S�O�H�P�H�Q�W�H�G�� 
 
�7�K�H�� �U�H�V�X�O�W�V�� �Z�H�U�H�� �Y�D�O�L�G�D�W�H�G�� �R�Q�� �P�X�O�W�L�S�O�H�� �S�U�R�J�U�D�P�P�L�Q�J�� �F�R�Q�W�H�[�W�V���� �%�H�V�W�� �S�H�U�I�R�U�P�D�Q�F�H�� �Z�D�V��
�D�F�K�L�H�Y�H�G���E�\���/�R�J�L�V�W�L�F���5�H�J�U�H�V�V�L�R�Q�����Z�K�H�U�H���5���K�D�V���)�����§�������������“�������������D�Q�G���$�F�F�X�U�D�F�\���§�������������“��
�������������,�Q���3�\�W�K�R�Q���L�W���V�F�R�U�H�V���)�����§�������������Z�L�W�K���V�L�P�L�O�D�U���$�F�F�X�U�D�F�\���§���������������5�D�Q�G�R�P���)�R�U�H�V�W���F�D�P�H��
�Y�H�U�\�� �F�O�R�V�H�� �E�H�K�L�Q�G�� ���3�\�W�K�R�Q�� �)���� �§�� ������������ �$�F�F�X�U�D�F�\�� �§�� �������������� �'�H�F�L�V�L�R�Q�� �7�U�H�H�� �D�Q�G�� �1�H�X�U�D�O��
�1�H�W�Z�R�U�N�����0�/�3�����D�F�K�L�H�Y�H�G���O�R�Z�H�U�����§���������������)�����V�F�R�U�H�V���K�R�Z�H�Y�H�U���V�W�L�O�O���U�H�W�D�L�Q�H�G���K�L�J�K���D�F�F�X�U�D�F�\��
���a���������±�������������� �7�K�H�� �D�J�J�U�H�J�D�W�H�G�� �P�H�W�U�L�F�V�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �W�K�H�� �F�R�Q�I�X�V�L�R�Q�� �P�D�W�U�L�[�� �R�I�� �W�K�H�� �R�X�W�H�U��
�I�R�O�G�V���H�[�K�L�E�L�W���P�L�Q�L�P�D�O���Y�D�U�L�D�W�L�R�Q���I�U�R�P���W�K�H�L�U���U�H�V�S�H�F�W�L�Y�H���P�H�D�Q�V�����L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���W�K�H���H�V�W�L�P�D�W�H�V��
�D�U�H���E�R�W�K���V�W�D�E�O�H���D�Q�G���X�Q�E�L�D�V�H�G�� 

�&�R�G�H���I�R�U���W�K�H���S�U�R�S�R�V�H�G���G�L�V�W�D�Q�F�H���P�H�W�U�L�F���L�V���S�U�R�Y�L�G�H�G���L�Q���E�R�W�K���3�\�W�K�R�Q���D�Q�G���5�����7�K�H���F�R�P�S�D�U�L�V�R�Q��
�D�F�U�R�V�V�� �S�U�R�J�U�D�P�P�L�Q�J�� �O�D�Q�J�X�D�J�H�V�� �W�K�U�R�X�J�K�� �I�R�O�G���V�D�I�H�� �F�R�P�S�X�W�D�W�L�R�Q�� �U�H�V�X�O�W�V�� �L�V�� �S�U�H�V�H�Q�W�H�G����
�R�S�H�Q�L�Q�J�� �S�R�V�V�L�E�L�O�L�W�L�H�V�� �I�R�U�� �I�X�U�W�K�H�U�� �U�H�V�H�D�U�F�K���� �7�K�H�� �S�D�U�D�P�H�W�H�U�V�� �D�U�H�� �F�D�U�H�I�X�O�O�\�� �W�X�Q�H�G�� �E�\��
�Y�D�O�L�G�D�W�L�R�Q�� �G�D�W�D�� �D�Q�G�� �W�K�H�� �U�R�E�X�V�W�Q�H�V�V�� �R�I�� �W�K�H�V�H�� �P�R�G�H�O�V�� �L�V�� �H�Q�V�X�U�H�G�� �Z�L�W�K�� �V�W�U�L�F�W�� �H�Y�D�O�X�D�W�L�R�Q���R�I��
�P�R�G�H�O�L�Q�J���S�U�R�F�H�V�V�����Z�L�W�K�R�X�W���W�H�V�W���V�H�W���O�H�D�N�D�J�H�� 

�)�U�R�P���D���P�H�W�K�R�G�R�O�R�J�L�F�D�O���S�H�U�V�S�H�F�W�L�Y�H�����U�H�J�X�O�D�U�L�]�H�G���/�R�J�L�V�W�L�F���5�H�J�U�H�V�V�L�R�Q���L�V���D�Q���L�Q�W�H�U�S�U�H�W�D�E�O�H��
�D�Q�G���S�R�Z�H�U�I�X�O���E�D�V�H�O�L�Q�H���I�R�U���W�K�L�V���G�D�W�D�V�H�W�����5�D�Q�G�R�P���)�R�U�H�V�W���D�Q�G���V�H�Y�H�U�D�O���W�U�H�H���E�D�V�H�G���P�R�G�H�O�V���D�U�H��
�V�W�L�O�O�� �K�H�O�S�I�X�O�� �L�Q�� �D�S�S�U�R�[�L�P�D�W�L�Q�J�� �W�K�H�� �Q�R�Q���O�L�Q�H�D�U�� �D�V�V�R�F�L�D�W�L�R�Q�V�� �D�Q�G�� �U�H�O�D�W�L�Y�H�� �L�P�S�R�U�W�D�Q�F�H�� �R�I��
�I�H�D�W�X�U�H�V���� �$�O�O�� �S�U�H�G�L�F�W�L�R�Q�V�� �Z�L�O�O�� �Q�H�H�G�� �W�R�� �E�H�� �F�D�O�L�E�U�D�W�H�G�� �I�R�U�� �S�U�R�E�D�E�L�O�L�W�L�H�V�� ���S�U�R�E�D�E�L�O�L�W�\��
�F�D�O�L�E�U�D�W�L�R�Q���� �D�Q�G�� �W�K�U�H�V�K�R�O�G�V�� �D�O�L�J�Q�H�G�� �Z�L�W�K�� �U�H�D�O���Z�R�U�O�G�� �F�R�V�W�V�� �E�H�I�R�U�H�� �W�K�H�� �P�R�G�H�O�� �F�D�Q�� �H�Q�W�H�U�� �D��
�E�X�V�L�Q�H�V�V���Z�R�U�N�I�O�R�Z���I�R�U���G�H�F�L�V�L�R�Q�����,�W���K�D�V���E�H�H�Q���R�E�V�H�U�Y�H�G���W�K�D�W���X�V�D�J�H���R�I���F�O�D�V�V���Z�H�L�J�K�W�V���D�Q�G���I�R�O�G��



 

 

�V�D�I�H���U�H�V�D�P�S�O�L�Q�J���L�P�S�U�R�Y�H�V���U�H�F�D�O�O�����,�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���������I�R�O�G���F�U�R�V�V���Y�D�O�L�G�D�W�L�R�Q���E�H���X�V�H�G��
�I�R�U���J�R�R�G���P�R�G�H�O���V�H�O�H�F�W�L�R�Q���D�Q�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� 

7 Contributions and Future work  

�7�K�L�V�� �Z�R�U�N���L�V�� �Q�R�Y�H�O���L�Q���W�Z�R���Z�D�\�V���� �)�L�U�V�W�����D�� �F�R�P�S�U�H�K�H�Q�V�L�Y�H�� �F�U�R�V�V���O�D�Q�J�X�D�J�H�� �F�R�P�S�D�U�L�V�R�Q���R�I��
�F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���P�R�G�H�O�V���Z�D�V���F�R�Q�G�X�F�W�H�G���X�V�L�Q�J���G�D�W�D���I�U�R�P���P�X�O�W�L�S�O�H���F�R�P�S�D�Q�L�H�V�����Z�K�H�W�K�H�U���R�I��
�E�H�L�Q�J�� �F�R�G�H�G�� �E�\�� �3�\�W�K�R�Q�� �R�U�� �5���� �D�O�O�� �R�I�� �Z�K�L�F�K�� �U�H�D�F�K�H�V�� �H�T�X�L�Y�D�O�H�Q�W�� �S�H�U�I�R�U�P�D�Q�F�H�����D�Q�G�� �D�Q��
�D�S�S�U�R�D�F�K���E�D�V�H�G���R�Q���O�H�D�N�D�J�H���V�D�I�H���Q�H�V�W�H�G���F�U�R�V�V���Y�D�O�L�G�D�W�L�R�Q�����S�H�U�I�R�U�P�L�Q�J���U�R�E�X�V�W���D�Q�G���X�Q�E�L�D�V�H�G��
�H�Y�D�O�X�D�W�L�R�Q�����7�K�H�V�H���F�R�Q�W�U�L�E�X�W�L�R�Q�V���H�Q�O�D�U�J�H���W�K�H���P�H�W�K�R�G�R�O�R�J�L�F�D�O���I�U�R�Q�W�L�H�U�V���R�I���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q��
�U�H�V�H�D�U�F�K���D�Q�G���R�I�I�H�U���D���S�U�D�F�W�L�F�D�O���F�R�Q�W�U�L�E�X�W�L�R�Q���W�K�D�W���L�V���X�V�H�I�X�O���W�R���E�R�W�K���U�H�V�H�D�U�F�K�H�U�V���D�Q�G���L�Q�G�X�V�W�U�\��
�S�U�R�I�H�V�V�L�R�Q�D�O�V���Z�L�O�O�L�Q�J���W�R���D�S�S�U�R�D�F�K���U�H�S�U�R�G�X�F�L�E�O�H���D�Q�G���W�U�D�Q�V�I�H�U�D�E�O�H���Z�R�U�N�I�O�R�Z�V�� 

�)�X�W�X�U�H���U�H�V�H�D�U�F�K���V�K�R�X�O�G���H�[�S�O�R�U�H���V�H�Y�H�U�D�O���G�L�U�H�F�W�L�R�Q�V�����7�K�H���S�U�R�S�V�H�G���S�L�S�H�O�L�Q�H���Q�H�H�G�V���W�R���E�H���W�H�V�W�H�G��
�Z�L�W�K�� �G�L�I�I�H�U�H�Q�W���G�D�W�D�V�H�W�V�����R�S�H�U�D�W�R�U�V�� �D�Q�G�� �W�L�P�H�O�L�Q�H�V�� �I�R�U�� �H�[�W�H�U�Q�D�O�� �D�Q�G�� �W�H�P�S�R�U�D�O�� �Y�D�O�L�G�L�W�\����
�$�G�G�L�W�L�R�Q�D�O�O�\�����D�� �I�R�O�G���V�D�I�H�� �U�H�E�D�O�D�Q�F�L�Q�J�� �D�O�J�R�U�L�W�K�P�V�� �D�Q�G�� �W�K�U�H�V�K�R�O�G�� �D�Q�G�� �F�R�V�W�� �V�H�Q�V�L�W�L�Y�H��
�R�S�W�L�P�L�]�D�W�L�R�Q���L�I���U�H�D�V�R�Q�D�E�O�H���I�R�U���W�K�H���U�H�D�O���U�H�W�H�Q�W�L�R�Q���U�X�O�H�V���V�K�R�X�O�G���E�H���V�W�X�G�L�H�G�� 

8 References 
�>���@ �$�O�E�R�X�N�D�H�\�����1�������-�R�X�N�K�D�G�D�U�����$�������	���*�K�Q�H�L�P�����1���������������������'�\�Q�D�P�L�F���E�H�K�D�Y�L�R�U���E�D�V�H�G���F�K�X�U�Q��

�S�U�H�G�L�F�W�L�R�Q�� �L�Q�� �0�R�E�L�O�H�� �7�H�O�H�F�R�P�����(�[�S�H�U�W�� �6�\�V�W�H�P�V�� �Z�L�W�K�� �$�S�S�O�L�F�D�W�L�R�Q�V�������������� ����������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������M���H�V�Z�D�������������������������� 

�>���@ �$�P�L�Q���� �$������ �$�G�Q�D�Q���� �$������ �	�� �$�Q�Z�D�U���� �6���� ���������������� �$�Q�� �D�G�D�S�W�L�Y�H�� �O�H�D�U�Q�L�Q�J�� �D�S�S�U�R�D�F�K�� �I�R�U��
�F�X�V�W�R�P�H�U�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �L�Q�� �W�K�H�� �W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �L�Q�G�X�V�W�U�\�� �X�V�L�Q�J�� �H�Y�R�O�X�W�L�R�Q�D�U�\��
�F�R�P�S�X�W�D�W�L�R�Q�� �D�Q�G�� �1�D�w�Y�H�� �%�D�\�H�V�����$�S�S�O�L�H�G�� �6�R�I�W�� �&�R�P�S�X�W�L�Q�J���� ���������� ����������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������M���D�V�R�F�������������������������� 

�>���@ �%�H�H�K�D�U�U�\���� �<������ �	�� �7�V�R�N�L�]�H�S�� �)�R�N�R�Q�H���� �5���� ���������������� �+�\�E�U�L�G�� �D�S�S�U�R�D�F�K�� �X�V�L�Q�J�� �P�D�F�K�L�Q�H��
�O�H�D�U�Q�L�Q�J�� �D�O�J�R�U�L�W�K�P�V�� �I�R�U�� �F�X�V�W�R�P�H�U�V�¶�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �L�Q�� �W�K�H�� �W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�V��
�L�Q�G�X�V�W�U�\�����&�R�Q�F�X�U�U�H�Q�F�\�� �D�Q�G�� �&�R�P�S�X�W�D�W�L�R�Q���� �3�U�D�F�W�L�F�H�� �D�Q�G�� �(�[�S�H�U�L�H�Q�F�H������������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������F�S�H������������ 

�>���@ �%�O�D�V�W�&�K�D�U���� �������������� �)�H�E�U�X�D�U�\�� �����������7�H�O�F�R�� �&�X�V�W�R�P�H�U�� �&�K�X�U�Q�� �>�'�D�W�D�� �V�H�W�@���� �.�D�J�J�O�H����
�K�W�W�S�V�������Z�Z�Z���N�D�J�J�O�H���F�R�P���G�D�W�D�V�H�W�V���E�O�D�V�W�F�K�D�U���W�H�O�F�R���F�X�V�W�R�P�H�U���F�K�X�U�Q 

�>���@ �%�R�J�D�H�U�W�����0�������	���'�H�O�D�H�U�H�����/���������������������(�Q�V�H�P�E�O�H���P�H�W�K�R�G�V���L�Q���F�X�V�W�R�P�H�U���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q����
�$�� �F�R�P�S�D�U�D�W�L�Y�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �W�K�H�� �V�W�D�W�H���R�I���W�K�H���D�U�W�����0�D�W�K�H�P�D�W�L�F�V������������������ ������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������P�D�W�K������������������ 

�>���@ �&�X�V�W�R�P�H�U�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �L�Q�� �W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �L�Q�G�X�V�W�U�\�� �X�V�L�Q�J�� �'�H�H�S�� �/�H�D�U�Q�L�Q�J����
���������������� �,�Q�I�R�U�P�D�W�L�R�Q�� �6�F�L�H�Q�F�H�V�� �/�H�W�W�H�U�V���� �������������� �������±����������
�K�W�W�S�V�������G�R�L���R�U�J���������������������L�V�O�������������� 

�>���@ �'�D�O�O�L�����$���������������������,�P�S�D�F�W���R�I���K�\�S�H�U�S�D�U�D�P�H�W�H�U�V���R�Q���'�H�H�S���/�H�D�U�Q�L�Q�J���P�R�G�H�O���I�R�U���F�X�V�W�R�P�H�U��
�F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �L�Q�� �W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �V�H�F�W�R�U�����0�D�W�K�H�P�D�W�L�F�D�O�� �3�U�R�E�O�H�P�V�� �L�Q��
�(�Q�J�L�Q�H�H�U�L�Q�J�������������������±���������K�W�W�S�V�������G�R�L���R�U�J�������������������������������������������� 

�>���@ �*�H�L�O�H�U�����/�������$�I�I�H�O�G�W�����6�������	���1�D�G�L�I�����0���������������������$���V�X�U�Y�H�\���R�Q���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���P�H�W�K�R�G�V��
�I�R�U�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�����,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �'�D�W�D�� �6�F�L�H�Q�F�H�� �D�Q�G�� �$�Q�D�O�\�W�L�F�V������������������
�������±�����������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������������������������ 

�>���@ �,�P�D�Q�L���� �0������ �	�� �$�U�D�E�Q�L�D���� �+���� �5���� ���������������� �+�\�S�H�U�S�D�U�D�P�H�W�H�U�� �R�S�W�L�P�L�]�D�W�L�R�Q�� �D�Q�G�� �F�R�P�E�L�Q�H�G��
�G�D�W�D�� �V�D�P�S�O�L�Q�J�� �W�H�F�K�Q�L�T�X�H�V�� �L�Q�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�� �I�R�U�� �F�X�V�W�R�P�H�U�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q���� �$��

https://doi.org/10.1016/j.eswa.2020.113779
https://doi.org/10.1016/j.asoc.2023.110103
https://doi.org/10.1002/cpe.6627
https://www.kaggle.com/datasets/blastchar/telco-customer-churn?utm_source=chatgpt.com
https://doi.org/10.3390/math11051137
https://doi.org/10.18576/isl/110120
https://doi.org/10.1155/2022/4720539
https://doi.org/10.1007/s41060-022-00312-5


 

 

�F�R�P�S�D�U�D�W�L�Y�H�� �D�Q�D�O�\�V�L�V�����7�H�F�K�Q�R�O�R�J�L�H�V���� �������������� ����������
�K�W�W�S�V�������G�R�L���R�U�J�������������������W�H�F�K�Q�R�O�R�J�L�H�V������������������ 

�>�����@ �-�D�L�Q���� �+�������.�K�X�Q�W�H�W�D���� �$������ �	�� �6�U�L�Y�D�V�W�D�Y�D���� �6���� �����������D������ �&�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �L�Q��
�W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �X�V�L�Q�J�� �O�R�J�L�V�W�L�F�� �U�H�J�U�H�V�V�L�R�Q�� �D�Q�G�� �O�R�J�L�W�� �E�R�R�V�W�����3�U�R�F�H�G�L�D�� �&�R�P�S�X�W�H�U��
�6�F�L�H�Q�F�H���������������������±�����������K�W�W�S�V�������G�R�L���R�U�J�������������������M���S�U�R�F�V�������������������������� 

�>�����@ �-�D�L�Q�����+�������.�K�X�Q�W�H�W�D�����$�������	���6�U�L�Y�D�V�W�D�Y�D�����6���������������E�������7�H�O�H�F�R�P���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���D�Q�G���X�V�H�G��
�W�H�F�K�Q�L�T�X�H�V���� �G�D�W�D�V�H�W�V�� �D�Q�G�� �S�H�U�I�R�U�P�D�Q�F�H�� �P�H�D�V�X�U�H�V���� �$�� �5�H�Y�L�H�Z�����7�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q��
�6�\�V�W�H�P�V�������������������������±�����������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������������������������ 

�>�����@ �.�K�D�W�W�D�N���� �$������ �0�H�K�D�N���� �=������ �$�K�P�D�G���� �+������ �$�V�J�K�D�U���� �0���� �8������ �$�V�J�K�D�U���� �0���� �=������ �	�� �.�K�D�Q���� �$����
���������������� �&�X�V�W�R�P�H�U�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �X�V�L�Q�J�� �F�R�P�S�R�V�L�W�H�� �G�H�H�S�� �O�H�D�U�Q�L�Q�J�� �W�H�F�K�Q�L�T�X�H����
�6�F�L�H�Q�W�L�I�L�F���5�H�S�R�U�W�V�������������������K�W�W�S�V�������G�R�L���R�U�J�������������������V���������������������������������Z�� 

�>�����@ �.�R�V�W�L�ü���� �6���� �0������ �6�L�P�L�ü���� �0���� �,������ �	�� �.�R�V�W�L�ü���� �0���� �9���� ���������������� �6�R�F�L�D�O�� �Q�H�W�Z�R�U�N�� �D�Q�D�O�\�V�L�V�� �D�Q�G��
�F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �L�Q�� �W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�V�� �X�V�L�Q�J�� �J�U�D�S�K�� �W�K�H�R�U�\�����(�Q�W�U�R�S�\������������������ ����������
�K�W�W�S�V�������G�R�L���R�U�J�������������������H������������������ 

�>�����@ �/�D�O�Z�D�Q�L���� �3������ �0�L�V�K�U�D���� �0���� �.������ �&�K�D�G�K�D���� �-���� �6������ �	�� �6�H�W�K�L���� �3���� ���������������� �&�X�V�W�R�P�H�U�� �F�K�X�U�Q��
�S�U�H�G�L�F�W�L�R�Q�� �V�\�V�W�H�P���� �$�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�� �D�S�S�U�R�D�F�K�����&�R�P�S�X�W�L�Q�J�������������������� �������±����������
�K�W�W�S�V�������G�R�L���R�U�J�������������������V���������������������������������\�� 

�>�����@ �/�L�X�����5�������$�O�L�����6�������%�L�O�D�O�����6�����)�������6�D�N�K�D�Z�D�W�����=�������,�P�U�D�Q�����$�������$�O�P�X�K�D�L�P�H�H�G�����$�������$�O�]�D�K�U�D�Q�L����
�$�������	���6�X�Q�����*���������������������$�Q���L�Q�W�H�O�O�L�J�H�Q�W���K�\�E�U�L�G���V�F�K�H�P�H���I�R�U���F�X�V�W�R�P�H�U���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q��
�L�Q�W�H�J�U�D�W�L�Q�J���F�O�X�V�W�H�U�L�Q�J���D�Q�G���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�O�J�R�U�L�W�K�P�V�����$�S�S�O�L�H�G���6�F�L�H�Q�F�H�V��������������������������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������D�S�S������������������ 

�>�����@ �0�D�Q�]�R�R�U���� �$������ �$�W�L�I�� �4�X�U�H�V�K�L���� �0������ �.�L�G�Q�H�\���� �(������ �	�� �/�R�Q�J�R���� �/���� ���������������� �$�� �U�H�Y�L�H�Z�� �R�Q��
�P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���P�H�W�K�R�G�V���I�R�U���F�X�V�W�R�P�H�U���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���D�Q�G���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���I�R�U��
�%�X�V�L�Q�H�V�V�� �3�U�D�F�W�L�W�L�R�Q�H�U�V�����,�(�(�(�� �$�F�F�H�V�V���� �������� �����������±��������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������D�F�F�H�V�V���������������������������� 

�>�����@ �3�X�V�W�R�N�K�L�Q�D���� �,���� �9������ �3�X�V�W�R�N�K�L�Q���� �'���� �$������ �1�J�X�\�H�Q���� �3���� �7������ �(�O�K�R�V�H�Q�\���� �0������ �	�� �6�K�D�Q�N�D�U���� �.����
�����������������0�X�O�W�L���R�E�M�H�F�W�L�Y�H���U�D�L�Q���R�S�W�L�P�L�]�D�W�L�R�Q���D�O�J�R�U�L�W�K�P���Z�L�W�K���:�(�/�0���P�R�G�H�O���I�R�U���F�X�V�W�R�P�H�U��
�F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���L�Q���W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q���V�H�F�W�R�U�����&�R�P�S�O�H�[���	�D�P�S�����,�Q�W�H�O�O�L�J�H�Q�W���6�\�V�W�H�P�V����
���������������������±�������������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������������������������ 

�>�����@ �3�X�V�W�R�N�K�L�Q�D�����,�����9�������3�X�V�W�R�N�K�L�Q�����'�����$�������5�+�����$�������-�D�\�D�V�D�Q�N�D�U�����7�������-�H�\�D�O�D�N�V�K�P�L�����&�������'�t�D�]����
�9���� �*������ �	�� �6�K�D�Q�N�D�U���� �.���� ���������������� �'�\�Q�D�P�L�F�� �F�X�V�W�R�P�H�U�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �V�W�U�D�W�H�J�\�� �I�R�U��
�E�X�V�L�Q�H�V�V���L�Q�W�H�O�O�L�J�H�Q�F�H���X�V�L�Q�J���W�H�[�W���D�Q�D�O�\�W�L�F�V���Z�L�W�K���H�Y�R�O�X�W�L�R�Q�D�U�\���R�S�W�L�P�L�]�D�W�L�R�Q���D�O�J�R�U�L�W�K�P�V����
�,�Q�I�R�U�P�D�W�L�R�Q�� �3�U�R�F�H�V�V�L�Q�J�� �	�D�P�S���� �0�D�Q�D�J�H�P�H�Q�W���� �������������� ����������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������M���L�S�P�������������������������� 

�>�����@ �6�D�K�D�����/�������7�U�L�S�D�W�K�\�����+�����.�������*�D�E�H�U�����7�������(�O���*�R�K�D�U�\�����+�������	���(�O���N�H�Q�D�Z�\�����(�����6�����0��������������������
�'�H�H�S���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���P�H�W�K�R�G���I�R�U���W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q���L�Q�G�X�V�W�U�\�����6�X�V�W�D�L�Q�D�E�L�O�L�W�\������������������
�������������K�W�W�S�V�������G�R�L���R�U�J�������������������V�X������������������ 

�>�����@ �6�D�K�D�����6�������6�D�K�D�����&�������+�D�T�X�H�����0�G�����0�������$�O�D�P�����0�G�����*�������	���7�D�O�X�N�G�H�U�����$���������������������&�K�X�U�Q�1�H�W����
�'�H�H�S���/�H�D�U�Q�L�Q�J���(�Q�K�D�Q�F�H�G���&�X�V�W�R�P�H�U���&�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���L�Q���W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q���L�Q�G�X�V�W�U�\����
�,�(�(�(���$�F�F�H�V�V���������������������±�������������K�W�W�S�V�������G�R�L���R�U�J�������������������D�F�F�H�V�V���������������������������� 

�>�����@ �6�D�O�H�K���� �6������ �	�� �6�D�K�D���� �6���� ���������������� �&�X�V�W�R�P�H�U�� �U�H�W�H�Q�W�L�R�Q�� �D�Q�G�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �L�Q�� �W�K�H��
�W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �L�Q�G�X�V�W�U�\���� �$�� �F�D�V�H�� �V�W�X�G�\�� �R�Q�� �D�� �G�D�Q�L�V�K�� �X�Q�L�Y�H�U�V�L�W�\�����6�1�� �$�S�S�O�L�H�G��
�6�F�L�H�Q�F�H�V�����������������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������������������������ 

�>�����@ �6�D�Q�D���� �-���� �.������ �$�E�H�G�L�Q���� �0���� �=������ �5�D�K�P�D�Q���� �0���� �6������ �	�� �5�D�K�P�D�Q���� �0���� �6���� ���������������� �$�� �Q�R�Y�H�O��
�F�X�V�W�R�P�H�U�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �P�R�G�H�O�� �I�R�U�� �W�K�H�� �W�H�O�H�F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �L�Q�G�X�V�W�U�\�� �X�V�L�Q�J�� �G�D�W�D��
�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �P�H�W�K�R�G�V�� �D�Q�G�� �I�H�D�W�X�U�H�� �V�H�O�H�F�W�L�R�Q�����3�/�2�6�� �2�1�(���� ����������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������M�R�X�U�Q�D�O���S�R�Q�H������������������ 

https://doi.org/10.3390/technologies11060167
https://doi.org/10.1016/j.procs.2020.03.187
https://doi.org/10.1007/s11235-020-00727-0
https://doi.org/10.1038/s41598-023-44396-w
https://doi.org/10.3390/e22070753
https://doi.org/10.1007/s00607-021-00908-y
https://doi.org/10.3390/app12189355
https://doi.org/10.1109/access.2024.3402092
https://doi.org/10.1007/s40747-021-00353-6
https://doi.org/10.1016/j.ipm.2021.102706
https://doi.org/10.3390/su15054543
https://doi.org/10.1109/access.2024.3349950
https://doi.org/10.1007/s42452-023-05389-6
https://doi.org/10.1371/journal.pone.0278095


 

 

�>�����@ �6�L�N�U�L�����$�������-�D�P�H�H�O�����5�������,�G�U�H�H�V�����6�����0�������	���.�D�X�U�����+���������������������(�Q�K�D�Q�F�L�Q�J���F�X�V�W�R�P�H�U���U�H�W�H�Q�W�L�R�Q��
�L�Q�� �W�H�O�H�F�R�P�� �L�Q�G�X�V�W�U�\�� �Z�L�W�K�� �0�D�F�K�L�Q�H�� �/�H�D�U�Q�L�Q�J�� �'�U�L�Y�H�Q�� �&�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�����6�F�L�H�Q�W�L�I�L�F��
�5�H�S�R�U�W�V�������������������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������������������������ 

�>�����@ �6�L�Q�D�� �0�L�U�D�E�G�R�O�E�D�J�K�L���� �6���� �0������ �	�� �$�P�L�U�L���� �%���� ���������������� �0�R�G�H�O�� �R�S�W�L�P�L�]�D�W�L�R�Q�� �D�Q�D�O�\�V�L�V�� �R�I��
�F�X�V�W�R�P�H�U���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���X�V�L�Q�J���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���D�O�J�R�U�L�W�K�P�V���Z�L�W�K���I�R�F�X�V���R�Q���I�H�D�W�X�U�H��
�U�H�G�X�F�W�L�R�Q�V�����'�L�V�F�U�H�W�H�� �'�\�Q�D�P�L�F�V�� �L�Q�� �1�D�W�X�U�H�� �D�Q�G�� �6�R�F�L�H�W�\���� ������������ ���±��������
�K�W�W�S�V�������G�R�L���R�U�J�������������������������������������������� 

�>�����@ �6�X�G�K�D�U�V�D�Q���� �5������ �	�� �*�D�Q�H�V�K���� �(���� �1���� ���������������� �$�� �V�Z�L�V�K�� �5�1�1�� �E�D�V�H�G�� �F�X�V�W�R�P�H�U�� �F�K�X�U�Q��
�S�U�H�G�L�F�W�L�R�Q�� �I�R�U�� �W�K�H�� �W�H�O�H�F�R�P�� �L�Q�G�X�V�W�U�\�� �Z�L�W�K�� �D�� �Q�R�Y�H�O�� �I�H�D�W�X�U�H�� �V�H�O�H�F�W�L�R�Q�� �V�W�U�D�W�H�J�\����
�&�R�Q�Q�H�F�W�L�R�Q�� �6�F�L�H�Q�F�H���� �������������� ���������±������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������������������������������������������������� 

�>�����@ �8�V�P�D�Q���+�D�P�]�D�����)�����(�������%�D�O�R�J�X�Q�����$�����2�������&�D�S�U�H�W�]�����/�����)�������0�R�M�H�H�G�����+�����$�������0�D�K�D�P�D�G�����6������
�6�D�O�L�K�X�����6�����$�������$�N�L�Q�W�R�O�D�����$�����*�������%�D�V�U�L�����6�������$�P�R�V�D�����5�����7�������	���6�D�O�D�K�G�H�H�Q�����1�����.��������������������
�,�Q�W�H�O�O�L�J�H�Q�W���'�H�F�L�V�L�R�Q���)�R�U�H�V�W���P�R�G�H�O�V���I�R�U���F�X�V�W�R�P�H�U���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q�����$�S�S�O�L�H�G���6�F�L�H�Q�F�H�V����
�����������������������������K�W�W�S�V�������G�R�L���R�U�J�������������������D�S�S������������������ 

�>�����@ �9�� ���.�D�Y�L�W�K�D�����*�� ���+�H�P�D�Q�W�K���.�X�P�D�U�����6�� ���9���0�R�K�D�Q���.�X�P�D�U�����	���0�� ���+�D�U�L�V�K���������������������&�K�X�U�Q��
�S�U�H�G�L�F�W�L�R�Q�� �R�I�� �F�X�V�W�R�P�H�U�� �L�Q�� �W�H�O�H�F�R�P�� �L�Q�G�X�V�W�U�\�� �X�V�L�Q�J�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�� �D�O�J�R�U�L�W�K�P�V����
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �5�H�V�H�D�U�F�K�� �$�Q�G���� �9��������������
�K�W�W�S�V�������G�R�L���R�U�J���������������������L�M�H�U�W�Y���L�V�������������� 

�>�����@ �:�X�����6�������<�D�X�����:�����&�������2�Q�J�����7�����6�������	���&�K�R�Q�J�����6�����&���������������������,�Q�W�H�J�U�D�W�H�G���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q��
�D�Q�G���F�X�V�W�R�P�H�U���V�H�J�P�H�Q�W�D�W�L�R�Q���I�U�D�P�H�Z�R�U�N���I�R�U���W�H�O�F�R���E�X�V�L�Q�H�V�V�����,�(�(�(���$�F�F�H�V�V���������������������±
���������������K�W�W�S�V�������G�R�L���R�U�J�������������������D�F�F�H�V�V���������������������������� 

�>�����@ �;�L�D�K�R�X�����;�������	���+�D�U�D�G�D�����<���������������������%���&���H���F�R�P�P�H�U�F�H���F�X�V�W�R�P�H�U���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q���E�D�V�H�G��
�R�Q�� �.���P�H�D�Q�V�� �D�Q�G�� �6�9�0�����-�R�X�U�Q�D�O�� �R�I�� �7�K�H�R�U�H�W�L�F�D�O�� �D�Q�G�� �$�S�S�O�L�H�G�� �(�O�H�F�W�U�R�Q�L�F�� �&�R�P�P�H�U�F�H��
�5�H�V�H�D�U�F�K�������������������������±�����������K�W�W�S�V�������G�R�L���R�U�J�������������������M�W�D�H�U������������������ 

�>�����@ �;�X���� �7������ �0�D���� �<������ �	�� �.�L�P���� �.���� ���������������� �7�H�O�H�F�R�P�� �F�K�X�U�Q�� �S�U�H�G�L�F�W�L�R�Q�� �V�\�V�W�H�P�� �E�D�V�H�G�� �R�Q��
�H�Q�V�H�P�E�O�H�� �O�H�D�U�Q�L�Q�J�� �X�V�L�Q�J�� �I�H�D�W�X�U�H�� �J�U�R�X�S�L�Q�J�����$�S�S�O�L�H�G�� �6�F�L�H�Q�F�H�V�������������������� ������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������D�S�S������������������ 

�>�����@ �=�G�U�D�Y�H�Y�V�N�L�����(�������/�D�P�H�V�N�L�����3�������$�S�D�Q�R�Z�L�F�]�����&�������	�����O���]�D�N�����'���������������������)�U�R�P���%�L�J���'�D�W�D���W�R��
�E�X�V�L�Q�H�V�V���D�Q�D�O�\�W�L�F�V�����7�K�H���F�D�V�H���V�W�X�G�\���R�I���F�K�X�U�Q���S�U�H�G�L�F�W�L�R�Q�����$�S�S�O�L�H�G���6�R�I�W���&�R�P�S�X�W�L�Q�J������������
�����������������K�W�W�S�V�������G�R�L���R�U�J�������������������M���D�V�R�F������������������������ 
 

https://doi.org/10.1038/s41598-024-63750-0
https://doi.org/10.1155/2022/5134356
https://doi.org/10.1080/09540091.2022.2083584
https://doi.org/10.3390/app12168270
https://doi.org/10.17577/ijertv9is050022
https://doi.org/10.1109/access.2021.3073776
https://doi.org/10.3390/jtaer17020024
https://doi.org/10.3390/app11114742
https://doi.org/10.1016/j.asoc.2020.106164


 

 

�7�U�D�Q�V�I�R�U�P�L�Q�J���*�H�Q�H�U�L�F���)�O�\�H�U�V���L�Q�W�R���7�D�L�O�R�U�H�G���3�U�R�P�R�W�L�R�Q�V�����$��
�&�D�V�H���6�W�X�G�\���L�Q���$�,���3�R�Z�H�U�H�G���*�U�R�F�H�U�\���5�H�W�D�L�O�� 

 
�'�U�����7�R�P�D�å���$�O�M�D�å�����8�U�R�ã���.�R�V�D�Q�R�Y�L�þ 

�6�S�D�U���6�O�R�Y�H�Q�L�D 
�/ �H�W�D�O�L�ã�N�D���F�H�V�W�D���������������������/�M�X�E�O�M�D�Q�D�����6�O�R�Y�H�Q�L�D 

tomaz.aljaz@spar - ics.com , uros.kosanovic@spar.si   
 
 

 
�$�E�V�W�U�D�F�W�����5�H�W�D�L�O�H�U�V�� �W�U�D�G�L�W�L�R�Q�D�O�O�\�� �U�H�O�\�� �R�Q�� �J�H�Q�H�U�L�F�� �S�U�R�P�R�W�L�R�Q�D�O�� �F�D�W�D�O�R�J�X�H�V�� �W�K�D�W�� �S�U�R�Y�L�G�H��
�L�G�H�Q�W�L�F�D�O�� �R�I�I�H�U�V�� �W�R�� �D�O�O�� �F�X�V�W�R�P�H�U�V���� �U�H�J�D�U�G�O�H�V�V�� �R�I�� �W�K�H�L�U�� �S�X�U�F�K�D�V�H�� �K�L�V�W�R�U�L�H�V�� �R�U�� �S�U�H�I�H�U�H�Q�F�H�V����
�7�K�L�V�� �³�R�Q�H���V�L�]�H���I�L�W�V���D�O�O�´�� �D�S�S�U�R�D�F�K�� �R�I�W�H�Q�� �U�H�V�X�O�W�V�� �L�Q�� �O�R�Z�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G�� �L�Q�H�I�I�L�F�L�H�Q�W��
�D�O�O�R�F�D�W�L�R�Q�� �R�I�� �P�D�U�N�H�W�L�Q�J�� �U�H�V�R�X�U�F�H�V���� �7�K�L�V�� �V�W�X�G�\�� �L�Q�Y�H�V�W�L�J�D�W�H�V�� �K�R�Z�� �F�O�R�X�G�� �F�R�P�S�X�W�L�Q�J�� �D�Q�G��
�D�U�W�L�I�L�F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� ���$�,���� �F�D�Q�� �D�X�W�R�P�D�W�H�� �W�K�H�� �J�H�Q�H�U�D�W�L�R�Q�� �R�I�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�D�O��
�R�I�I�H�U�V�����L�P�S�U�R�Y�L�Q�J���E�R�W�K���F�X�V�W�R�P�H�U���U�H�O�H�Y�D�Q�F�H���D�Q�G���U�H�W�D�L�O�H�U���H�I�I�L�F�L�H�Q�F�\�� 
�8�V�L�Q�J�� �D�� �P�L�[�H�G���P�H�W�K�R�G�V�� �G�H�V�L�J�Q�� �V�F�L�H�Q�F�H�� �D�S�S�U�R�D�F�K���� �U�H�T�X�L�U�H�P�H�Q�W�V�� �Z�H�U�H�� �J�D�W�K�H�U�H�G�� �W�K�U�R�X�J�K��
�L�Q�W�H�U�Y�L�H�Z�V�� �Z�L�W�K�� �P�D�U�N�H�W�L�Q�J�� �D�Q�G�� �,�7�� �V�W�D�I�I���� �D�Q�G�� �D�� �U�H�F�R�P�P�H�Q�G�H�U�� �V�\�V�W�H�P�� �Z�D�V�� �G�H�Y�H�O�R�S�H�G�� �E�\��
�L�Q�W�H�J�U�D�W�L�Q�J���(�5�3���G�D�W�D�����W�U�D�Q�V�D�F�W�L�R�Q���K�L�V�W�R�U�L�H�V�����D�Q�G���S�U�R�G�X�F�W���D�W�W�U�L�E�X�W�H�V���L�Q�W�R���D���S�U�L�Y�D�W�H���F�O�R�X�G��
�H�Q�Y�L�U�R�Q�P�H�Q�W���� �)�U�R�P�� �D�� �Z�H�H�N�O�\�� �S�R�R�O�� �R�I�� �R�Y�H�U�����������S�U�R�P�R�W�L�R�Q�V���� �L�Q�F�O�X�G�L�Q�J�� �P�R�U�H�� �W�K�D�Q�� ��������
�S�U�R�G�X�F�W�V���L�Q���S�U�R�P�R�W�L�R�Q�����W�K�H���V�\�V�W�H�P���J�H�Q�H�U�D�W�H�G���S�H�U�V�R�Q�D�O�L�]�H�G���O�L�V�W�V���R�I�����±�������S�U�R�P�R�W�L�R�Q�V���S�H�U��
�F�X�V�W�R�P�H�U���� �G�H�O�L�Y�H�U�H�G�� �Y�L�D�� �H�P�D�L�O���� �P�R�E�L�O�H�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �D�Q�G�� �S�U�L�Q�W���U�H�D�G�\�� �I�O�\�H�U�V���� �$�� �������Z�H�H�N��
�U�D�Q�G�R�P�L�]�H�G���F�R�Q�W�U�R�O�O�H�G���W�U�L�D�O���L�Q�Y�R�O�Y�L�Q�J�� ���������������� �O�R�\�D�O�W�\�� �S�U�R�J�U�D�P�� �P�H�P�E�H�U�V�� �H�Y�D�O�X�D�W�H�G���W�K�H��
�V�R�O�X�W�L�R�Q�¶�V���L�P�S�D�F�W�� 
�5�H�V�X�O�W�V���V�K�R�Z�� �W�K�D�W���F�X�V�W�R�P�H�U�V�� �U�H�F�H�L�Y�L�Q�J�� �S�H�U�V�R�Q�D�O�L�]�H�G���R�I�I�H�U�V�� �J�H�Q�H�U�D�W�H�G���������� �K�L�J�K�H�U���V�D�O�H�V��
�F�R�P�S�D�U�H�G���Z�L�W�K���W�K�H���F�R�Q�W�U�R�O���J�U�R�X�S�����0�R�U�H�R�Y�H�U�����D���S�R�V�L�W�L�Y�H���F�R�U�U�H�O�D�W�L�R�Q���Z�D�V���R�E�V�H�U�Y�H�G���E�H�W�Z�H�H�Q��
�H�[�S�R�V�X�U�H���I�U�H�T�X�H�Q�F�\���D�Q�G���E�R�W�K���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�Q�G���E�D�V�N�H�W���J�U�R�Z�W�K�����U�D�Q�J�L�Q�J���I�U�R�P���������W�R��
���������� �0�D�U�N�H�W�L�Q�J�� �S�U�R�F�H�V�V�H�V�� �Z�H�U�H�� �V�W�D�Q�G�D�U�G�L�]�H�G���� �L�P�S�U�R�Y�L�Q�J�� �F�D�P�S�D�L�J�Q�� �T�X�D�O�L�W�\�� �D�Q�G��
�F�R�Q�V�L�V�W�H�Q�F�\�� �Z�K�L�O�H�� �U�H�G�X�F�L�Q�J�� �P�D�Q�X�D�O�� �Y�D�U�L�D�E�L�O�L�W�\���� �4�X�D�O�L�W�D�W�L�Y�H�� �I�H�H�G�E�D�F�N�� �F�R�Q�I�L�U�P�H�G�� �W�K�D�W��
�F�X�V�W�R�P�H�U�V���S�H�U�F�H�L�Y�H�G���W�K�H���R�I�I�H�U�V���D�V���P�R�U�H���U�H�O�H�Y�D�Q�W���D�Q�G���F�R�Q�Y�H�Q�L�H�Q�W�����Z�K�L�O�H���K�L�J�K�O�L�J�K�W�L�Q�J���W�K�H��
�L�P�S�R�U�W�D�Q�F�H���R�I���F�O�H�D�U���F�R�P�P�X�Q�L�F�D�W�L�R�Q���D�E�R�X�W���G�D�W�D���X�V�D�J�H�����H�Y�H�Q���W�K�R�X�J�K���S�U�L�Y�D�F�\���L�V���I�R�U�P�D�O�O�\��
�P�D�Q�D�J�H�G���W�K�U�R�X�J�K���W�K�H���O�R�\�D�O�W�\���S�U�R�J�U�D�P�� 
�7�K�L�V�� �V�W�X�G�\�� �S�U�R�Y�L�G�H�V�� �H�P�S�L�U�L�F�D�O�� �H�Y�L�G�H�Q�F�H�� �R�I�� �W�K�H�� �P�H�D�V�X�U�D�E�O�H�� �E�X�V�L�Q�H�V�V�� �L�P�S�D�F�W�� �R�I�� �K�\�E�U�L�G��
�U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�V���L�Q���J�U�R�F�H�U�\���U�H�W�D�L�O���D�Q�G���H�P�S�K�D�V�L�]�H�V���W�K�H���L�P�S�R�U�W�D�Q�F�H���R�I���W�U�D�Q�V�S�D�U�H�Q�F�\����
�J�R�Y�H�U�Q�D�Q�F�H�����D�Q�G���W�U�X�V�W���I�R�U���V�X�F�F�H�V�V�I�X�O���$�,���G�U�L�Y�H�Q���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q��  
 
�.�H�\�� �:�R�U�G�V�����D�U�W�L�I�L�F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�����F�O�R�X�G�� �F�R�P�S�X�W�L�Q�J���� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�����S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q����
�U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�V 
 

�����,�Q�W�U�R�G�X�F�W�L�R�Q�� 
�5�H�W�D�L�O�H�U�V���K�D�Y�H���W�U�D�G�L�W�L�R�Q�D�O�O�\���U�H�O�L�H�G���R�Q���Z�H�H�N�O�\���F�D�W�D�O�R�J�X�H�V���D�Q�G���S�U�L�F�H���S�U�R�P�R�W�L�R�Q�V���W�R���V�W�L�P�X�O�D�W�H��
�F�R�Q�V�X�P�H�U�� �G�H�P�D�Q�G���>���@�� �>���@���� �7�K�H�V�H�� �F�D�W�D�O�R�J�X�H�V���� �Z�K�H�W�K�H�U�� �S�U�L�Q�W�H�G�� �R�U�� �G�L�V�W�U�L�E�X�W�H�G�� �Y�L�D�� �H�P�D�L�O����
�W�\�S�L�F�D�O�O�\���S�U�H�V�H�Q�W���D���E�U�R�D�G���V�H�O�H�F�W�L�R�Q���R�I���R�Y�H�U�����������S�U�R�P�R�W�L�R�Q�V�����U�H�S�U�H�V�H�Q�W�L�Q�J���P�R�U�H���W�K�D�Q����������
�S�U�R�G�X�F�W�V�����G�H�V�L�J�Q�H�G���W�R���D�S�S�H�D�O���W�R���W�K�H���Z�L�G�H�V�W���S�R�V�V�L�E�O�H���D�X�G�L�H�Q�F�H�����D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������:�K�L�O�H��
�H�I�I�H�F�W�L�Y�H�� �L�Q�� �J�H�Q�H�U�D�W�L�Q�J�� �V�K�R�U�W���W�H�U�P���U�H�Y�H�Q�X�H���� �V�X�F�K�� �J�H�Q�H�U�L�F�� �S�U�R�P�R�W�L�R�Q�V�� �U�L�V�N�� �F�U�H�D�W�L�Q�J��
�S�U�R�P�R�W�L�R�Q�D�O�� �I�D�W�L�J�X�H�� �Z�K�H�Q�� �R�I�I�H�U�V�� �O�D�F�N�� �U�H�O�H�Y�D�Q�F�H�� �W�R�� �L�Q�G�L�Y�L�G�X�D�O�� �F�X�V�W�R�P�H�U�V���� �O�H�D�G�L�Q�J�� �W�R��

mailto:tomaz.aljaz@spar-ics.com
mailto:uros.kosanovic@spar.si


 

 

�G�L�P�L�Q�L�V�K�H�G�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G�� �L�Q�H�I�I�L�F�L�H�Q�W�� �P�D�U�N�H�W�L�Q�J�� �H�[�S�H�Q�G�L�W�X�U�H���� �0�R�U�H�R�Y�H�U���� �J�H�Q�H�U�L�F��
�S�U�R�P�R�W�L�R�Q�V���F�D�Q���Z�H�D�N�H�Q���W�K�H���S�H�U�F�H�L�Y�H�G���Y�D�O�X�H���R�I���O�R�\�D�O�W�\���S�U�R�J�U�D�P�V�����Z�K�L�F�K���D�U�H���L�Q�W�H�Q�G�H�G���W�R��
�I�R�V�W�H�U���E�H�K�D�Y�L�R�U�D�O���O�R�\�D�O�W�\���W�K�U�R�X�J�K���U�H�O�H�Y�D�Q�W���E�H�Q�H�I�L�W�V���>�����@�� 
 

 
�)�L�J�X�U�H���������:�H�H�N�O�\���O�H�D�I�O�H�W 

 
�7�K�H���L�Q�F�U�H�D�V�L�Q�J���G�L�J�L�W�D�O�L�]�D�W�L�R�Q���R�I���F�R�P�P�H�U�F�H���K�D�V���V�K�L�I�W�H�G���F�X�V�W�R�P�H�U���H�[�S�H�F�W�D�W�L�R�Q�V���W�R�Z�D�U�G���P�R�U�H��
�S�H�U�V�R�Q�D�O�L�]�H�G�� �D�Q�G�� �G�D�W�D���G�U�L�Y�H�Q�� �H�[�S�H�U�L�H�Q�F�H�V���� �$�G�Y�D�Q�F�H�V�� �L�Q�� �L�Q�I�R�U�P�D�W�L�R�Q�� �W�H�F�K�Q�R�O�R�J�\�� ���,�7������
�S�D�U�W�L�F�X�O�D�U�O�\�� �L�Q�� �F�O�R�X�G�� �F�R�P�S�X�W�L�Q�J�� �D�Q�G�� �D�U�W�L�I�L�F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� ���$�,������ �Q�R�Z�� �H�Q�D�E�O�H�� �U�H�W�D�L�O�H�U�V�� �W�R��
�P�L�Q�H���O�D�U�J�H���Y�R�O�X�P�H�V���R�I���W�U�D�Q�V�D�F�W�L�R�Q�D�O���G�D�W�D���D�Q�G���G�H�O�L�Y�H�U���L�Q�G�L�Y�L�G�X�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�V���D�W���V�F�D�O�H����
�$�I�I�R�U�G�D�E�O�H���F�R�P�S�X�W�L�Q�J���S�R�Z�H�U���D�Q�G���H�O�D�V�W�L�F���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���L�Q���W�K�H���F�O�R�X�G���K�D�Y�H���O�R�Z�H�U�H�G���E�D�U�U�L�H�U�V��
�I�R�U�� �U�H�W�D�L�O�H�U�V�� �W�R���G�H�S�O�R�\�� �V�R�S�K�L�V�W�L�F�D�W�H�G�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�� �V�\�V�W�H�P�V�� �W�K�D�W�� �O�H�D�U�Q�� �I�U�R�P�� �S�X�U�F�K�D�V�H��
�K�L�V�W�R�U�L�H�V�����G�H�P�R�J�U�D�S�K�L�F���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����D�Q�G���V�H�D�V�R�Q�D�O���S�D�W�W�H�U�Q�V���>���@�� 
�'�H�V�S�L�W�H�� �W�K�H�V�H�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �S�R�V�V�L�E�L�O�L�W�L�H�V���� �P�D�Q�\�� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�H�U�V�� �F�R�Q�W�L�Q�X�H�� �W�R�� �U�H�O�\�� �R�Q��
�P�D�Q�X�D�O�����J�H�Q�H�U�L�F���F�D�P�S�D�L�J�Q�V�����7�K�H�V�H���F�D�W�D�O�R�J�X�H�V���U�H�T�X�L�U�H���F�R�Q�V�L�G�H�U�D�E�O�H���V�W�D�I�I���H�I�I�R�U�W���W�R���F�R�P�S�L�O�H��
�\�H�W���R�I�W�H�Q���L�Q�F�O�X�G�H���S�U�R�G�X�F�W�V���L�U�U�H�O�H�Y�D�Q�W���W�R���V�H�J�P�H�Q�W�V���R�I���W�K�H���F�X�V�W�R�P�H�U���E�D�V�H�����7�K�L�V���L�Q�H�I�I�L�F�L�H�Q�F�\��
�Q�R�W�� �R�Q�O�\�� �Z�D�V�W�H�V�� �P�D�U�N�H�W�L�Q�J�� �U�H�V�R�X�U�F�H�V�� �E�X�W�� �P�D�\�� �D�O�V�R�� �X�Q�G�H�U�P�L�Q�H�� �W�K�H�� �S�H�U�F�H�L�Y�H�G�� �Y�D�O�X�H�� �R�I��
�O�R�\�D�O�W�\�� �S�U�R�J�U�D�P�V�����7�K�H�� �&�2�9�,�'�������� �S�D�Q�G�H�P�L�F�� �I�X�U�W�K�H�U�� �D�F�F�H�O�H�U�D�W�H�G�� �W�K�H�� �V�K�L�I�W�� �W�R�� �R�Q�O�L�Q�H�� �D�Q�G��
�P�R�E�L�O�H�� �V�K�R�S�S�L�Q�J���� �I�X�Q�G�D�P�H�Q�W�D�O�O�\�� �D�O�W�H�U�L�Q�J�� �F�R�Q�V�X�P�H�U�� �H�[�S�H�F�W�D�W�L�R�Q�V�� �I�R�U�� �W�L�P�H�O�\�� �D�Q�G��
�S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�D�O�� �F�R�Q�W�H�Q�W�� �>���@���� �>�����@���� �$�O�W�K�R�X�J�K�� �U�H�F�R�P�P�H�Q�G�H�U�� �V�\�V�W�H�P�V�� �D�U�H�� �Z�H�O�O��
�H�V�W�D�E�O�L�V�K�H�G���L�Q���D�F�D�G�H�P�L�F���O�L�W�H�U�D�W�X�U�H�����I�H�Z���V�W�X�G�L�H�V���G�R�F�X�P�H�Q�W���W�K�H�L�U���G�H�S�O�R�\�P�H�Q�W���D�Q�G���H�Y�D�O�X�D�W�L�R�Q��
�L�Q���J�U�R�F�H�U�\���U�H�W�D�L�O���S�U�D�F�W�L�F�H�����Z�K�H�U�H���Z�H�H�N�O�\���F�D�W�D�O�R�J�X�H�V���U�H�P�D�L�Q���G�R�P�L�Q�D�Q�W�� 
�7�K�L�V�� �S�D�S�H�U�� �H�[�D�P�L�Q�H�V�� �K�R�Z�� �D�� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�H�U�� �L�Q�� �6�O�R�Y�H�Q�L�D�� �G�L�J�L�W�D�O�O�\�� �W�U�D�Q�V�I�R�U�P�H�G�� �L�W�V��
�S�U�R�P�R�W�L�R�Q�D�O���S�U�D�F�W�L�F�H�V���W�K�U�R�X�J�K���W�K�H���G�H�S�O�R�\�P�H�Q�W���R�I���D���$�,���E�D�V�H�G���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�����7�K�H��
�V�W�X�G�\���F�R�Q�W�U�L�E�X�W�H�V���W�R���W�K�H���O�L�W�H�U�D�W�X�U�H���R�Q���S�H�U�V�R�Q�D�O�L�]�H�G���P�D�U�N�H�W�L�Q�J�����F�O�R�X�G���D�U�F�K�L�W�H�F�W�X�U�H�����D�Q�G���$�,��
�E�\���G�H�P�R�Q�V�W�U�D�W�L�Q�J���K�R�Z���W�K�H�V�H���W�H�F�K�Q�L�T�X�H�V���F�D�Q���E�H���F�R�P�E�L�Q�H�G���L�Q�W�R���D�Q���H�Q�G���W�R���H�Q�G���V�R�O�X�W�L�R�Q���L�Q���D��
�U�H�D�O���Z�R�U�O�G���F�R�Q�W�H�[�W���� 
�7�K�H���U�H�P�D�L�Q�G�H�U���R�I���W�K�H���S�D�S�H�U���L�V���V�W�U�X�F�W�X�U�H�G���D�V���I�R�O�O�R�Z�V�����6�H�F�W�L�R�Q�������U�H�Y�L�H�Z�V���U�H�O�D�W�H�G���Z�R�U�N���R�Q��
�S�H�U�V�R�Q�D�O�L�]�H�G�� �P�D�U�N�H�W�L�Q�J�� �D�Q�G�� �H�Q�D�E�O�L�Q�J�� �W�H�F�K�Q�R�O�R�J�L�H�V���� �6�H�F�W�L�R�Q�� ���� �G�H�I�L�Q�H�V�� �W�K�H�� �U�H�V�H�D�U�F�K��
�S�U�R�E�O�H�P�� �D�Q�G�� �R�E�M�H�F�W�L�Y�H�V���� �6�H�F�W�L�R�Q�� ���� �G�H�W�D�L�O�V�� �W�K�H�� �P�H�W�K�R�G�R�O�R�J�\�� �D�Q�G�� �V�\�V�W�H�P�� �D�U�F�K�L�W�H�F�W�X�U�H����
�6�H�F�W�L�R�Q�������S�U�H�V�H�Q�W�V���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���F�D�V�H���V�W�X�G�\�����6�H�F�W�L�R�Q�������G�L�V�F�X�V�V�H�V���W�K�H���L�P�S�O�L�F�D�W�L�R�Q�V���D�Q�G��
�O�L�P�L�W�D�W�L�R�Q�V�����D�Q�G���6�H�F�W�L�R�Q�������F�R�Q�F�O�X�G�H�V���Z�L�W�K���G�L�U�H�F�W�L�R�Q�V���I�R�U���I�X�W�X�U�H���U�H�V�H�D�U�F�K�� 
 



 

 

�����/�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z 
�(�D�U�O�\���D�W�W�H�P�S�W�V���W�R���S�H�U�V�R�Q�D�O�L�]�H���S�U�R�P�R�W�L�R�Q�V���U�H�O�L�H�G���R�Q���U�X�O�H���E�D�V�H�G���H�[�S�H�U�W���V�\�V�W�H�P�V���D�Q�G���P�D�U�N�H�W��
�E�D�V�N�H�W�� �D�Q�D�O�\�V�L�V�� ���0�%�$������ �7�K�H�� �V�H�P�L�Q�D�O�� �Z�R�U�N�� �R�I�� �$�J�U�D�Z�D�O���� �,�P�L�H�O�L���V�N�L���� �D�Q�G�� �6�Z�D�P�L�� �>���@��
�L�Q�W�U�R�G�X�F�H�G���D�V�V�R�F�L�D�W�L�R�Q���U�X�O�H���P�L�Q�L�Q�J�����H�Q�D�E�O�L�Q�J���U�H�W�D�L�O�H�U�V���W�R���L�G�H�Q�W�L�I�\���I�U�H�T�X�H�Q�W�O�\���F�R���S�X�U�F�K�D�V�H�G��
�L�W�H�P���S�D�L�U�V���D�Q�G���U�H�F�R�P�P�H�Q�G���F�R�P�S�O�H�P�H�Q�W�D�U�\���S�U�R�G�X�F�W�V�����%�X�L�O�G�L�Q�J���R�Q���W�K�L�V���I�R�X�Q�G�D�W�L�R�Q�����2�O�V�R�Q��
�D�Q�G�� �/�D�X�K�R�I�I�� �>���@�� �G�H�V�F�U�L�E�H�� �K�R�Z�� �0�%�$�� �W�H�F�K�Q�L�T�X�H�V�� �F�D�Q�� �E�H�� �D�S�S�O�L�H�G�� �L�Q�� �U�H�W�D�L�O�� �D�Q�D�O�\�W�L�F�V�� �W�R��
�X�Q�F�R�Y�H�U���D�F�W�L�R�Q�D�E�O�H���F�U�R�V�V���V�H�O�O�L�Q�J���R�S�S�R�U�W�X�Q�L�W�L�H�V�� 
�:�L�W�K���W�K�H���J�U�R�Z�W�K���R�I���G�D�W�D���D�Y�D�L�O�D�E�L�O�L�W�\�����P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���K�D�V���G�U�L�Y�H�Q���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���G�D�W�D��
�G�U�L�Y�H�Q�� �U�H�F�R�P�P�H�Q�G�H�U�� �V�\�V�W�H�P�V�� �F�D�S�D�E�O�H�� �R�I�� �X�Q�F�R�Y�H�U�L�Q�J�� �F�R�P�S�O�H�[�� �S�D�W�W�H�U�Q�V�� �L�Q�� �F�X�V�W�R�P�H�U��
�S�U�H�I�H�U�H�Q�F�H�V���� �&�R�O�O�D�E�R�U�D�W�L�Y�H�� �I�L�O�W�H�U�L�Q�J�� �D�S�S�U�R�D�F�K�H�V���� �Z�K�L�F�K�� �L�Q�I�H�U�� �D�� �X�V�H�U�¶�V�� �L�Q�W�H�U�H�V�W�V�� �E�D�V�H�G�� �R�Q��
�V�L�P�L�O�D�U�L�W�L�H�V���Z�L�W�K���R�W�K�H�U���X�V�H�U�V�����K�D�Y�H���E�H�F�R�P�H���Z�L�G�H�O�\���D�G�R�S�W�H�G���L�Q���H���F�R�P�P�H�U�F�H���S�O�D�W�I�R�U�P�V���>���@����
�,�Q���F�R�Q�W�U�D�V�W�����F�R�Q�W�H�Q�W���E�D�V�H�G���P�H�W�K�R�G�V���U�H�O�\���R�Q���S�U�R�G�X�F�W���D�W�W�U�L�E�X�W�H�V���D�Q�G���L�Q�G�L�Y�L�G�X�D�O���X�V�H�U���S�U�R�I�L�O�H�V����
�7�R�� �R�Y�H�U�F�R�P�H�� �W�K�H�� �O�L�P�L�W�D�W�L�R�Q�V�� �R�I�� �W�K�H�V�H�� �D�S�S�U�R�D�F�K�H�V���� �S�D�U�W�L�F�X�O�D�U�O�\�� �W�K�H�� �F�R�O�G���V�W�D�U�W���S�U�R�E�O�H�P����
�K�\�E�U�L�G���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�V���W�K�D�W���L�Q�W�H�J�U�D�W�H���F�R�O�O�D�E�R�U�D�W�L�Y�H���D�Q�G���F�R�Q�W�H�Q�W���E�D�V�H�G���I�H�D�W�X�U�H�V���K�D�Y�H��
�E�H�H�Q���S�U�R�S�R�V�H�G���D�Q�G���H�P�S�L�U�L�F�D�O�O�\���Y�D�O�L�G�D�W�H�G���>���@�����7�K�L�V���V�W�X�G�\���E�X�L�O�G�V���R�Q���W�K�L�V���V�W�U�H�D�P���R�I���U�H�V�H�D�U�F�K��
�E�\�� �L�P�S�O�H�P�H�Q�W�L�Q�J�� �D�Q�G�� �H�Y�D�O�X�D�W�L�Q�J�� �D�� �K�\�E�U�L�G�� �P�R�G�H�O�� �L�Q�� �D�� �U�H�D�O���Z�R�U�O�G�� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�� �V�H�W�W�L�Q�J����
�W�K�H�U�H�E�\���S�U�R�Y�L�G�L�Q�J���H�P�S�L�U�L�F�D�O���H�Y�L�G�H�Q�F�H���R�I���L�W�V���E�X�V�L�Q�H�V�V���L�P�S�D�F�W�� 
�7�K�H���U�L�V�H���R�I���F�O�R�X�G���F�R�P�S�X�W�L�Q�J���K�D�V���E�H�H�Q���F�U�L�W�L�F�D�O���I�R�U���V�F�D�O�L�Q�J���W�K�H�V�H���V�\�V�W�H�P�V�����3�X�E�O�L�F�����S�U�L�Y�D�W�H����
�D�Q�G���K�\�E�U�L�G���F�O�R�X�G���L�Q�I�U�D�V�W�U�X�F�W�X�U�H�V���S�U�R�Y�L�G�H���R�Q���G�H�P�D�Q�G���F�R�P�S�X�W�L�Q�J���D�Q�G���V�W�R�U�D�J�H���U�H�V�R�X�U�F�H�V���I�R�U��
�S�U�R�F�H�V�V�L�Q�J���Y�D�V�W���W�U�D�Q�V�D�F�W�L�R�Q�D�O���G�D�W�D�V�H�W�V���D�Q�G���G�H�O�L�Y�H�U�L�Q�J���U�H�D�O���W�L�P�H���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V�����=�K�D�Q�J����
�<�D�R�����6�X�Q�����D�Q�G���7�D�\���>���@���H�P�S�K�D�V�L�]�H���W�K�D�W���F�O�R�X�G���E�D�V�H�G���D�Q�G���G�L�V�W�U�L�E�X�W�H�G���D�U�F�K�L�W�H�F�W�X�U�H�V���P�D�N�H���L�W��
�I�H�D�V�L�E�O�H���I�R�U���U�H�W�D�L�O�H�U�V���W�R���G�H�S�O�R�\���V�R�S�K�L�V�W�L�F�D�W�H�G���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���H�Q�J�L�Q�H�V�����)�X�U�W�K�H�U�P�R�U�H�����H�G�J�H��
�F�R�P�S�X�W�L�Q�J�� �K�D�V�� �E�H�H�Q�� �H�[�S�O�R�U�H�G�� �W�R�� �U�H�G�X�F�H�� �O�D�W�H�Q�F�\�� �L�Q�� �P�R�E�L�O�H�� �D�S�S�O�L�F�D�W�L�R�Q�V�����D�O�W�K�R�X�J�K�� �F�R�U�H��
�U�H�F�R�P�P�H�Q�G�D�W�L�R�Q���D�O�J�R�U�L�W�K�P�V���J�H�Q�H�U�D�O�O�\���U�H�P�D�L�Q���F�H�Q�W�U�D�O�L�]�H�G���L�Q���G�D�W�D���F�H�Q�W�H�U�V�� 
�(�Y�L�G�H�Q�F�H���I�U�R�P���S�U�D�F�W�L�F�H���X�Q�G�H�U�V�F�R�U�H�V���W�K�H���E�X�V�L�Q�H�V�V���Y�D�O�X�H���R�I���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�����)�R�U���L�Q�V�W�D�Q�F�H����
�3�D�U�N�����3�D�U�N�����D�Q�G���6�F�K�Z�H�L�G�H�O���>�����@���I�R�X�Q�G���W�K�D�W���P�R�E�L�O�H���F�R�X�S�R�Q���S�U�R�P�R�W�L�R�Q�V���L�Q���D���V�X�S�H�U�P�D�U�N�H�W��
�F�R�Q�W�H�[�W�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�Q�F�U�H�D�V�H�G�� �S�X�U�F�K�D�V�H�� �O�L�N�H�O�L�K�R�R�G�� �D�Q�G�� �E�D�V�N�H�W�� �Y�D�O�X�H���� �Z�L�W�K�� �I�U�H�H���V�D�P�S�O�H��
�F�R�X�S�R�Q�V���G�H�O�L�Y�H�U�L�Q�J���H�Q�G�X�U�L�Q�J���V�D�O�H�V���H�I�I�H�F�W�V�����6�L�P�L�O�D�U�O�\�����.�L�P�����&�K�R�L�����D�Q�G���/�L���>�����@���G�H�P�R�Q�V�W�U�D�W�H��
�W�K�D�W�� �G�H�H�S�� �O�H�D�U�Q�L�Q�J�±�E�D�V�H�G�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�� �P�R�G�H�O�V�� �E�D�O�D�Q�F�L�Q�J�� �D�F�F�X�U�D�F�\�� �D�Q�G�� �G�L�Y�H�U�V�L�W�\��
�D�F�K�L�H�Y�H���K�L�J�K�H�U���O�H�Y�H�O�V���R�I���F�X�V�W�R�P�H�U���V�D�W�L�V�I�D�F�W�L�R�Q���F�R�P�S�D�U�H�G���Z�L�W�K���W�U�D�G�L�W�L�R�Q�D�O���D�O�J�R�U�L�W�K�P�V�����0�R�U�H��
�U�H�F�H�Q�W�� �I�L�Q�G�L�Q�J�V�� �V�X�J�J�H�V�W�� �W�K�D�W�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V�� �H�Q�K�D�Q�F�H�� �W�K�H�� �W�U�X�V�W�±
�V�D�W�L�V�I�D�F�W�L�R�Q�±�O�R�\�D�O�W�\���F�K�D�L�Q���L�Q���G�L�J�L�W�D�O���F�R�P�P�H�U�F�H���>�����@�� 
�'�H�V�S�L�W�H�� �W�K�H�V�H�� �V�X�F�F�H�V�V�H�V���� �F�K�D�O�O�H�Q�J�H�V�� �S�H�U�V�L�V�W���� �,�V�V�X�H�V�� �V�X�F�K�� �D�V�� �G�D�W�D�� �V�S�D�U�V�L�W�\���� �V�H�D�V�R�Q�D�O�L�W�\����
�S�U�L�Y�D�F�\���F�R�Q�F�H�U�Q�V�����D�Q�G���W�K�H���Q�H�H�G���I�R�U���F�R�Q�W�L�Q�X�R�X�V���P�R�G�H�O���P�D�L�Q�W�H�Q�D�Q�F�H���U�H�P�D�L�Q���F�H�Q�W�U�D�O���U�H�V�H�D�U�F�K��
�W�R�S�L�F�V�� �>���@���� �3�U�R�S�R�V�H�G�� �V�R�O�X�W�L�R�Q�V�� �L�Q�F�O�X�G�H�� �L�Q�F�U�H�P�H�Q�W�D�O�� �O�H�D�U�Q�L�Q�J�� �W�H�F�K�Q�L�T�X�H�V���� �I�H�G�H�U�D�W�H�G��
�O�H�D�U�Q�L�Q�J�����D�Q�G���W�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���F�R�Q�W�H�[�W�X�D�O���V�L�J�Q�D�O�V�����H���J�������W�L�P�H���R�I���G�D�\�����O�R�F�D�W�L�R�Q�����G�H�Y�L�F�H�����L�Q�W�R��
�U�H�F�R�P�P�H�Q�G�D�W�L�R�Q���P�R�G�H�O�V�� 
�2�X�U���F�D�V�H���V�W�X�G�\���F�R�Q�W�U�L�E�X�W�H�V���W�R���W�K�L�V���H�Y�R�O�Y�L�Q�J���E�R�G�\���R�I���N�Q�R�Z�O�H�G�J�H���E�\���S�U�H�V�H�Q�W�L�Q�J���D�Q���H�Q�G���W�R��
�H�Q�G���V�R�O�X�W�L�R�Q���W�K�D�W���L�Q�W�H�J�U�D�W�H�V���D���S�U�L�Y�D�W�H���F�O�R�X�G���H�Q�Y�L�U�R�Q�P�H�Q�W�����D�Q���(�5�3���V�\�V�W�H�P�����D�Q�G���D���P�D�F�K�L�Q�H��
�O�H�D�U�Q�L�Q�J�� �S�O�D�W�I�R�U�P�� �I�R�U�� �G�H�O�L�Y�H�U�L�Q�J�� �V�F�D�O�D�E�O�H�� �D�Q�G�� �V�H�F�X�U�H�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�V�� �L�Q�� �W�K�H��
�J�U�R�F�H�U�\���U�H�W�D�L�O���V�H�F�W�R�U���� 
 

�����3�U�R�E�O�H�P���G�H�I�L�Q�L�W�L�R�Q 
�7�K�H�� �U�H�W�D�L�O�H�U���H�[�D�P�L�Q�H�G���L�Q���W�K�L�V���V�W�X�G�\�� �F�X�U�U�H�Q�W�O�\�� �G�L�V�W�U�L�E�X�W�H�V���D���Z�H�H�N�O�\�� �F�D�W�D�O�R�J�X�H�� �F�R�Q�W�D�L�Q�L�Q�J��
�R�Y�H�U�� �������� �S�U�R�P�R�W�L�R�Q�V���� �L�Q�F�O�X�G�L�Q�J�� �P�R�U�H�� �W�K�D�Q�� �������� �S�U�R�G�X�F�W�V���� �7�K�H�� �F�D�W�D�O�R�J�X�H�� �L�V�� �F�U�H�D�W�H�G��
�P�D�Q�X�D�O�O�\���E�\���V�H�O�H�F�W�L�Q�J���S�U�R�G�X�F�W�V���I�U�R�P���W�K�H���H�Q�W�H�U�S�U�L�V�H���U�H�V�R�X�U�F�H���S�O�D�Q�Q�L�Q�J�����(�5�3�����V�\�V�W�H�P���D�Q�G��
�I�R�U�P�D�W�W�L�Q�J�� �D�� �O�H�D�I�O�H�W�� �W�K�D�W�� �L�V�� �V�X�E�V�H�T�X�H�Q�W�O�\�� �S�U�L�Q�W�H�G�� �D�Q�G�� �G�L�V�W�U�L�E�X�W�H�G�� �W�R�� �O�R�\�D�O�W�\�� �S�U�R�J�U�D�P��



 

 

�P�H�P�E�H�U�V�� �Y�L�D�� �H�P�D�L�O�� �D�Q�G�� �P�R�E�L�O�H�� �D�S�S�O�L�F�D�W�L�R�Q���� �7�K�L�V�� �S�U�R�F�H�V�V�� �U�H�V�X�O�W�V�� �L�Q�� �J�H�Q�H�U�L�F����
�X�Q�G�L�I�I�H�U�H�Q�W�L�D�W�H�G�� �S�U�R�P�R�W�L�R�Q�D�O�� �F�R�Q�W�H�Q�W���� �Z�K�H�U�H�E�\�� �D�O�O�� �F�X�V�W�R�P�H�U�V�� �U�H�F�H�L�Y�H�� �W�K�H�� �V�D�P�H�� �R�I�I�H�U�V��
�U�H�J�D�U�G�O�H�V�V�� �R�I�� �W�K�H�L�U�� �S�X�U�F�K�D�V�H�� �K�L�V�W�R�U�L�H�V�� �R�U�� �S�U�H�I�H�U�H�Q�F�H�V���� �&�R�Q�V�H�T�X�H�Q�W�O�\���� �P�L�V�P�D�W�F�K�H�V�� �R�F�F�X�U����
�)�R�U���H�[�D�P�S�O�H�����Y�H�J�H�W�D�U�L�D�Q���F�X�V�W�R�P�H�U�V���P�D�\���U�H�F�H�L�Y�H���R�I�I�H�U�V���I�R�U���P�H�D�W���S�U�R�G�X�F�W�V�����R�U���K�R�X�V�H�K�R�O�G�V��
�W�K�D�W���K�D�Y�H���U�H�F�H�Q�W�O�\���S�X�U�F�K�D�V�H�G���E�X�O�N���T�X�D�Q�W�L�W�L�H�V���R�I���K�R�X�V�H�K�R�O�G���V�W�D�S�O�H�V���P�D�\���E�H���W�D�U�J�H�W�H�G���Z�L�W�K��
�U�H�G�X�Q�G�D�Q�W�� �S�U�R�P�R�W�L�R�Q�V���� �6�X�F�K�� �L�Q�H�I�I�L�F�L�H�Q�F�L�H�V�� �O�H�D�G�� �W�R�� �O�R�Z�� �F�X�V�W�R�P�H�U�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G��
�V�X�E�R�S�W�L�P�D�O���D�O�O�R�F�D�W�L�R�Q���R�I���P�D�U�N�H�W�L�Q�J���U�H�V�R�X�U�F�H�V�� 
�7�K�L�V���V�L�W�X�D�W�L�R�Q���K�L�J�K�O�L�J�K�W�V���D���V�L�J�Q�L�I�L�F�D�Q�W���U�H�V�H�D�U�F�K���J�D�S�����D�O�W�K�R�X�J�K���W�K�H���U�H�W�D�L�O�H�U���S�R�V�V�H�V�V�H�V���U�L�F�K��
�W�U�D�Q�V�D�F�W�L�R�Q�D�O�� �D�Q�G�� �S�U�R�G�X�F�W�� �G�D�W�D���� �W�K�H�V�H�� �D�V�V�H�W�V�� �U�H�P�D�L�Q�� �X�Q�G�H�U�X�W�L�O�L�]�H�G�� �L�Q�� �J�X�L�G�L�Q�J�� �P�D�U�N�H�W�L�Q�J��
�G�H�F�L�V�L�R�Q�V�����7�K�H���S�U�L�P�D�U�\���U�H�V�H�D�U�F�K���T�X�H�V�W�L�R�Q���D�G�G�U�H�V�V�H�G���L�Q���W�K�L�V���V�W�X�G�\���L�V���W�K�H�U�H�I�R�U�H�� 
�7�R���Z�K�D�W���H�[�W�H�Q�W���F�D�Q���F�O�R�X�G���F�R�P�S�X�W�L�Q�J���D�Q�G���$�,���E�H���O�H�Y�H�U�D�J�H�G���W�R���D�X�W�R�P�D�W�H���W�K�H���J�H�Q�H�U�D�W�L�R�Q���R�I��
�S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�D�O���R�I�I�H�U�V���� �D�Q�G���K�R�Z�� �G�R���V�X�F�K�� �R�I�I�H�U�V�� �L�P�S�D�F�W���F�X�V�W�R�P�H�U���H�Q�J�D�J�H�P�H�Q�W��
�D�Q�G���P�D�U�N�H�W�L�Q�J���H�I�I�L�F�L�H�Q�F�\���F�R�P�S�D�U�H�G���Z�L�W�K���W�U�D�G�L�W�L�R�Q�D�O���J�H�Q�H�U�L�F���F�D�P�S�D�L�J�Q�V�" 
�7�R���D�G�G�U�H�V�V���W�K�L�V���T�X�H�V�W�L�R�Q�����W�K�H���V�W�X�G�\���V�H�W�V���W�K�H���I�R�O�O�R�Z�L�Q�J���R�E�M�H�F�W�L�Y�H�V�� 
�x �7�R���G�H�V�L�J�Q���D���V�\�V�W�H�P���D�U�F�K�L�W�H�F�W�X�U�H���W�K�D�W���L�Q�W�H�J�U�D�W�H�V���W�K�H���U�H�W�D�L�O�H�U�¶�V���(�5�3���V�\�V�W�H�P�����K�L�V�W�R�U�L�F�D�O��

�W�U�D�Q�V�D�F�W�L�R�Q���G�D�W�D�E�D�V�H�����D�Q�G���S�U�R�G�X�F�W���F�D�W�D�O�R�J�X�H���Z�L�W�K���D���S�U�L�Y�D�W�H���F�O�R�X�G���S�O�D�W�I�R�U�P���F�D�S�D�E�O�H���R�I��
�U�X�Q�Q�L�Q�J���$�,���D�O�J�R�U�L�W�K�P�V�� 

�x �7�R���G�H�Y�H�O�R�S���D���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q���P�R�G�H�O���W�K�D�W���O�H�D�U�Q�V���I�U�R�P���F�X�V�W�R�P�H�U�V�¶���S�X�U�F�K�D�V�H���S�D�W�W�H�U�Q�V��
�D�Q�G���S�U�R�G�X�F�W���D�W�W�U�L�E�X�W�H�V���W�R���J�H�Q�H�U�D�W�H���L�Q�G�L�Y�L�G�X�D�O�L�]�H�G���R�I�I�H�U�V���E�D�V�H�G���R�Q���Z�H�H�N�O�\���S�U�R�P�R�W�L�R�Q�V�� 

�x �7�R���L�P�S�O�H�P�H�Q�W���D���P�X�O�W�L���F�K�D�Q�Q�H�O���G�H�O�L�Y�H�U�\���P�H�F�K�D�Q�L�V�P�����H�P�D�L�O�����P�R�E�L�O�H���D�S�S�O�L�F�D�W�L�R�Q�����D�Q�G��
�S�U�L�Q�W�H�G���O�H�D�I�O�H�W�V�����W�R���G�L�V�W�U�L�E�X�W�H���S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�V�� 

�x �7�R���H�Y�D�O�X�D�W�H���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���W�K�H���V�R�O�X�W�L�R�Q���E�\���F�R�P�S�D�U�L�Q�J���H�Q�J�D�J�H�P�H�Q�W���P�H�W�U�L�F�V���D�Q�G��
�P�D�U�N�H�W�L�Q�J���H�I�I�L�F�L�H�Q�F�\���Z�L�W�K���E�D�V�H�O�L�Q�H���J�H�Q�H�U�L�F���F�D�P�S�D�L�J�Q�V�� 

 
 
�����0�H�W�K�R�G�R�O�R�J�\ 
�7�R���H�Y�D�O�X�D�W�H���W�K�H���S�U�R�S�R�V�H�G���V�R�O�X�W�L�R�Q���D�Q�G���H�Q�V�X�U�H���L�W�V���S�U�D�F�W�L�F�D�O���U�H�O�H�Y�D�Q�F�H�����D���V�W�U�X�F�W�X�U�H�G���U�H�V�H�D�U�F�K��
�S�U�R�F�H�V�V���Z�D�V���D�G�R�S�W�H�G�����7�K�H���P�H�W�K�R�G�R�O�R�J�\���I�R�O�O�R�Z�V���W�K�H���S�U�L�Q�F�L�S�O�H�V���R�I���G�H�V�L�J�Q���V�F�L�H�Q�F�H���U�H�V�H�D�U�F�K����
�Z�K�L�F�K�� �H�P�S�K�D�V�L�]�H�V�� �E�X�L�O�G�L�Q�J�� �D�Q�G�� �H�Y�D�O�X�D�W�L�Q�J�� �D�U�W�H�I�D�F�W�V�� �W�K�D�W�� �D�G�G�U�H�V�V�� �U�H�D�O�� �R�U�J�D�Q�L�]�D�W�L�R�Q�D�O��
�F�K�D�O�O�H�Q�J�H�V�����7�K�L�V���D�S�S�U�R�D�F�K���Z�D�V���S�D�U�W�L�F�X�O�D�U�O�\���D�S�S�U�R�S�U�L�D�W�H���J�L�Y�H�Q���W�K�H���G�X�D�O���R�E�M�H�F�W�L�Y�H�V���R�I���W�K�L�V��
�V�W�X�G�\�����W�R���G�H�V�L�J�Q���D���W�H�F�K�Q�L�F�D�O�O�\���U�R�E�X�V�W���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P���D�Q�G���W�R���D�V�V�H�V�V���L�W�V���P�H�D�V�X�U�D�E�O�H��
�L�P�S�D�F�W���R�Q���F�X�V�W�R�P�H�U���E�H�K�D�Y�L�R�U���D�Q�G���V�D�O�H�V���S�H�U�I�R�U�P�D�Q�F�H�����7�K�H���I�R�O�O�R�Z�L�Q�J���V�X�E�V�H�F�W�L�R�Q�V���R�X�W�O�L�Q�H��
�W�K�H���U�H�V�H�D�U�F�K���D�S�S�U�R�D�F�K�����V�\�V�W�H�P���D�U�F�K�L�W�H�F�W�X�U�H�����D�Q�G���H�Y�D�O�X�D�W�L�R�Q���S�U�R�F�H�G�X�U�H���L�Q���G�H�W�D�L�O�� 
 
���������5�H�V�H�D�U�F�K���D�S�S�U�R�D�F�K 
�7�K�L�V���V�W�X�G�\���H�P�S�O�R�\�H�G���D���P�L�[�H�G���P�H�W�K�R�G�V���G�H�V�L�J�Q���V�F�L�H�Q�F�H���D�S�S�U�R�D�F�K�����F�R�P�E�L�Q�L�Q�J���T�X�D�O�L�W�D�W�L�Y�H��
�G�H�V�L�J�Q���D�F�W�L�Y�L�W�L�H�V���Z�L�W�K���T�X�D�Q�W�L�W�D�W�L�Y�H���H�Y�D�O�X�D�W�L�R�Q�����7�K�L�V���D�S�S�U�R�D�F�K���Z�D�V���V�H�O�H�F�W�H�G���W�R���H�Q�V�X�U�H���W�K�D�W��
�W�K�H���V�R�O�X�W�L�R�Q���Z�D�V���E�R�W�K���V�F�L�H�Q�W�L�I�L�F�D�O�O�\���U�L�J�R�U�R�X�V���D�Q�G���R�U�J�D�Q�L�]�D�W�L�R�Q�D�O�O�\���U�H�O�H�Y�D�Q�W�����7�K�H���U�H�V�H�D�U�F�K��
�S�U�R�F�H�V�V���I�R�O�O�R�Z�H�G���I�R�X�U���P�D�L�Q���S�K�D�V�H�V�� 
�x �.�Q�R�Z�O�H�G�J�H���E�D�V�H���U�H�Y�L�H�Z�����$���V�W�U�X�F�W�X�U�H�G���U�H�Y�L�H�Z���R�I���W�K�H���O�L�W�H�U�D�W�X�U�H���D�Q�G���E�H�V�W���S�U�D�F�W�L�F�H�V���L�Q��

�U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�V�����F�O�R�X�G���E�D�V�H�G���D�Q�D�O�\�W�L�F�V�����D�Q�G���G�L�J�L�W�D�O���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�����6�H�F�W�L�R�Q��������
�W�R���H�V�W�D�E�O�L�V�K���D���W�K�H�R�U�H�W�L�F�D�O���I�R�X�Q�G�D�W�L�R�Q�� 

�x �5�H�T�X�L�U�H�P�H�Q�W�� �H�O�L�F�L�W�D�W�L�R�Q�����6�H�P�L���V�W�U�X�F�W�X�U�H�G�� �L�Q�W�H�U�Y�L�H�Z�V�� �Z�L�W�K�� �P�D�U�N�H�W�L�Q�J���� �,�7���� �D�Q�G�� �G�D�W�D��
�D�Q�D�O�\�W�L�F�V���W�H�D�P�V���W�R���F�D�S�W�X�U�H���I�X�Q�F�W�L�R�Q�D�O���D�Q�G���Q�R�Q���I�X�Q�F�W�L�R�Q�D�O���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���W�K�H���V�\�V�W�H�P����
�Z�L�W�K�� �S�D�U�W�L�F�X�O�D�U�� �H�P�S�K�D�V�L�V�� �R�Q�� �L�Q�W�H�J�U�D�W�L�R�Q�� �Z�L�W�K�� �H�[�L�V�W�L�Q�J�� �(�5�3�� �G�D�W�D�� �D�Q�G�� �S�U�L�Y�D�F�\��
�F�R�P�S�O�L�D�Q�W���K�D�Q�G�O�L�Q�J���R�I���O�R�\�D�O�W�\���S�U�R�J�U�D�P���L�Q�I�R�U�P�D�W�L�R�Q�� 

�x �6�\�V�W�H�P�� �G�H�V�L�J�Q�� �D�Q�G�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�����'�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �D�� �S�U�R�W�R�W�\�S�H�� �U�H�F�R�P�P�H�Q�G�H�U��
�V�\�V�W�H�P�� �W�K�D�W�� �J�H�Q�H�U�D�W�H�V�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�D�O�� �O�L�V�W�V�� �I�U�R�P�� �D�� �S�R�R�O�� �R�I�� �R�Y�H�U����������



 

 

�S�U�R�P�R�W�L�R�Q�V�����F�R�Y�H�U�L�Q�J���P�R�U�H���W�K�D�Q�����������S�U�R�G�X�F�W�V�����7�K�H���V�\�V�W�H�P���Z�D�V���G�H�S�O�R�\�H�G���L�Q���D���S�U�L�Y�D�W�H��
�F�O�R�X�G���H�Q�Y�L�U�R�Q�P�H�Q�W���W�R���H�Q�V�X�U�H���V�F�D�O�D�E�L�O�L�W�\���D�Q�G���G�D�W�D���V�R�Y�H�U�H�L�J�Q�W�\�� 

�x �(�Y�D�O�X�D�W�L�R�Q�����$�� �������Z�H�H�N�� �U�D�Q�G�R�P�L�]�H�G�� �F�R�Q�W�U�R�O�O�H�G�� �W�U�L�D�O�� �L�Q�Y�R�O�Y�L�Q�J�� ���������������� �O�R�\�D�O�W�\��
�S�U�R�J�U�D�P���P�H�P�E�H�U�V���Z�D�V���F�R�Q�G�X�F�W�H�G�����7�K�H���S�U�L�P�D�U�\���T�X�D�Q�W�L�W�D�W�L�Y�H���P�H�W�U�L�F���Z�D�V���V�D�O�H�V���J�U�R�Z�W�K����
�F�R�P�S�D�U�L�Q�J�� �F�X�V�W�R�P�H�U�V�� �Z�K�R�� �U�H�F�H�L�Y�H�G�� �D�Q�G�� �H�Q�J�D�J�H�G�� �Z�L�W�K�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�V��
�D�J�D�L�Q�V�W�� �W�K�R�V�H�� �Z�K�R�� �G�L�G�� �Q�R�W�� �Y�L�H�Z�� �W�K�H�P�����,�Q�� �D�G�G�L�W�L�R�Q���� �W�K�H�� �D�Q�D�O�\�V�L�V�� �H�[�D�P�L�Q�H�G�� �W�K�H��
�U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���H�[�S�R�V�X�U�H���I�U�H�T�X�H�Q�F�\���D�Q�G���F�X�V�W�R�P�H�U���E�H�K�D�Y�L�R�U�����P�H�D�V�X�U�L�Q�J���F�K�D�Q�J�H�V��
�L�Q���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�Q�G���E�D�V�N�H�W���J�U�R�Z�W�K���U�D�W�H�� 

 
�7�K�L�V���D�S�S�U�R�D�F�K���H�Q�V�X�U�H�G���W�K�D�W���W�K�H���V�\�V�W�H�P���Z�D�V���G�H�Y�H�O�R�S�H�G���W�R���P�H�H�W���U�H�D�O���R�U�J�D�Q�L�]�D�W�L�R�Q�D�O���Q�H�H�G�V��
�D�Q�G���W�K�D�W���L�W�V���H�I�I�H�F�W�L�Y�H�Q�H�V�V���Z�D�V���P�H�D�V�X�U�H�G���E�D�V�H�G���R�Q���E�X�V�L�Q�H�V�V���L�P�S�D�F�W���U�D�W�K�H�U���W�K�D�Q���L�Q�W�H�U�P�H�G�L�D�W�H��
�G�L�J�L�W�D�O���H�Q�J�D�J�H�P�H�Q�W���P�H�W�U�L�F�V�� 
 
���������6�\�V�W�H�P���D�U�F�K�L�W�H�F�W�X�U�H 
�7�K�H���S�U�R�S�R�V�H�G���V�R�O�X�W�L�R�Q���L�Q�W�H�J�U�D�W�H�V���H�[�L�V�W�L�Q�J���H�Q�W�H�U�S�U�L�V�H���V�\�V�W�H�P�V���Z�L�W�K���F�O�R�X�G���E�D�V�H�G���D�Q�D�O�\�W�L�F�V��
�D�Q�G���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���F�R�P�S�R�Q�H�Q�W�V���� 

 
�)�L�J�X�U�H���������6�\�V�W�H�P���D�U�F�K�L�W�H�F�W�X�U�H���I�R�U���S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�V�� 

 
�,�W���F�R�P�S�U�L�V�H�V���I�R�X�U���P�D�L�Q���O�D�\�H�U�V�����D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H������ 
�x �(�5�3�� �D�Q�G�� �W�U�D�Q�V�D�F�W�L�R�Q�� �O�D�\�H�U�����7�K�H�� �U�H�W�D�L�O�H�U�¶�V�� �(�5�3�� �V�\�V�W�H�P�� �V�W�R�U�H�V�� �S�U�R�G�X�F�W�� �L�Q�I�R�U�P�D�W�L�R�Q����

�L�Q�Y�H�Q�W�R�U�\�� �O�H�Y�H�O�V���D�Q�G���W�U�D�Q�V�D�F�W�L�R�Q�� �U�H�F�R�U�G�V�����$�� �G�D�W�D�� �H�[�W�U�D�F�W�L�R�Q�� �P�R�G�X�O�H�� �S�H�U�L�R�G�L�F�D�O�O�\��
�W�U�D�Q�V�I�H�U�V���S�X�U�F�K�D�V�H���K�L�V�W�R�U�L�H�V���D�Q�G���S�U�R�G�X�F�W���D�W�W�U�L�E�X�W�H�V���W�R���W�K�H���D�Q�D�O�\�W�L�F�V���S�O�D�W�I�R�U�P�� 

�x �'�D�W�D���$�V�V�H�W���0�D�Q�D�J�H�P�H�Q�W�����'�$�0�����V�\�V�W�H�P���P�D�L�Q�W�D�L�Q�V���D���U�H�S�R�V�L�W�R�U�\���R�I���S�U�R�G�X�F�W���L�P�D�J�H�V���I�R�U��
�P�D�U�N�H�W�L�Q�J���X�V�H�� 

�x �$�Q�D�O�\�W�L�F�V���S�O�D�W�I�R�U�P�����$���S�U�L�Y�D�W�H���F�O�R�X�G���H�Q�Y�L�U�R�Q�P�H�Q�W���K�R�V�W�V���D���V�F�D�O�D�E�O�H���D�Q�D�O�\�W�L�F�V���S�O�D�W�I�R�U�P����
�7�K�H���S�O�D�W�I�R�U�P���S�H�U�I�R�U�P�V���G�D�W�D���F�O�H�D�Q�L�Q�J���D�Q�G���I�H�D�W�X�U�H���H�Q�J�L�Q�H�H�U�L�Q�J�����7�K�H���F�K�R�L�F�H���R�I���D���S�U�L�Y�D�W�H��



 

 

�F�O�R�X�G�� �E�D�O�D�Q�F�H�V�� �V�F�D�O�D�E�L�O�L�W�\�� �Z�L�W�K�� �G�D�W�D�� �V�R�Y�H�U�H�L�J�Q�W�\���� �H�Q�V�X�U�L�Q�J�� �V�H�Q�V�L�W�L�Y�H�� �F�X�V�W�R�P�H�U��
�L�Q�I�R�U�P�D�W�L�R�Q���U�H�P�D�L�Q�V���X�Q�G�H�U���U�H�W�D�L�O�H�U���F�R�Q�W�U�R�O�� 

�x �5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�� �H�Q�J�L�Q�H���±���$�� �K�\�E�U�L�G�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�� �P�R�G�H�O�� �Z�D�V�� �L�P�S�O�H�P�H�Q�W�H�G����
�F�R�P�E�L�Q�L�Q�J���F�R�O�O�D�E�R�U�D�W�L�Y�H���I�L�O�W�H�U�L�Q�J���Z�L�W�K���F�R�Q�W�H�Q�W���E�D�V�H�G���I�L�O�W�H�U�L�Q�J�� 

1. �&�R�O�O�D�E�R�U�D�W�L�Y�H���I�L�O�W�H�U�L�Q�J�����8�V�H�U�±�L�W�H�P���L�Q�W�H�U�D�F�W�L�R�Q�V���Z�H�U�H���U�H�S�U�H�V�H�Q�W�H�G���L�Q���D���V�S�D�U�V�H��
�P�D�W�U�L�[���� �Z�L�W�K�� �P�D�W�U�L�[�� �I�D�F�W�R�U�L�]�D�W�L�R�Q�� �X�V�H�G�� �W�R�� �O�H�D�U�Q�� �O�D�W�H�Q�W�� �I�D�F�W�R�U�V�� �F�D�S�W�X�U�L�Q�J��
�V�L�P�L�O�D�U�L�W�L�H�V���D�P�R�Q�J���F�X�V�W�R�P�H�U�V���D�Q�G���S�U�R�G�X�F�W�V�� 

2. �&�R�Q�W�H�Q�W���E�D�V�H�G���I�L�O�W�H�U�L�Q�J�����3�U�R�G�X�F�W���D�W�W�U�L�E�X�W�H�V���V�X�F�K���D�V���F�D�W�H�J�R�U�\�����S�U�L�F�H���U�D�Q�J�H�����D�Q�G��
�Q�X�W�U�L�W�L�R�Q�D�O���W�D�J�V���Z�H�U�H���H�Q�F�R�G�H�G���D�V���I�H�D�W�X�U�H���Y�H�F�W�R�U�V�� 

3. �+�\�E�U�L�G�� �P�R�G�H�O�����$�� �Q�H�X�U�D�O�� �Q�H�W�Z�R�U�N�� �F�R�P�E�L�Q�H�G�� �O�D�W�H�Q�W�� �D�Q�G�� �F�R�Q�W�H�Q�W�� �I�H�D�W�X�U�H�V�� �W�R��
�S�U�H�G�L�F�W�� �F�X�V�W�R�P�H�U�±�S�U�R�G�X�F�W�� �U�H�O�H�Y�D�Q�F�H�� �V�F�R�U�H�V���� �&�R�O�G���V�W�D�U�W�� �L�V�V�X�H�V�� �I�R�U�� �Q�H�Z��
�S�U�R�G�X�F�W�V���Z�H�U�H���P�L�W�L�J�D�W�H�G���E�\���Z�H�L�J�K�W�L�Q�J���F�R�Q�W�H�Q�W���E�D�V�H�G���I�H�D�W�X�U�H�V���P�R�U�H���K�H�D�Y�L�O�\��
�X�Q�W�L�O���V�X�I�I�L�F�L�H�Q�W���L�Q�W�H�U�D�F�W�L�R�Q���G�D�W�D���D�F�F�X�P�X�O�D�W�H�G�� 

4. �%�L�D�V���P�L�W�L�J�D�W�L�R�Q���� �+�L�V�W�R�U�L�F�D�O�� �F�D�P�S�D�L�J�Q���S�H�U�I�R�U�P�D�Q�F�H���D�Q�G���$���%���W�H�V�W�L�Q�J�� �U�H�V�X�O�W�V��
�Z�H�U�H���X�V�H�G���W�R���I�L�Q�H���W�X�Q�H���W�K�H���P�R�G�H�O���D�Q�G���U�H�G�X�F�H���V�\�V�W�H�P�D�W�L�F���E�L�D�V�H�V�� 

�x �'�H�O�L�Y�H�U�\�� �F�K�D�Q�Q�H�O�V�����)�U�R�P�� �W�K�H�� �S�R�R�O�� �R�I�� �R�Y�H�U�����������Z�H�H�N�O�\�� �S�U�R�P�R�W�L�R�Q�D�O�� �S�U�R�G�X�F�W�V���� �W�K�H��
�V�\�V�W�H�P�� �J�H�Q�H�U�D�W�H�G�� �W�D�L�O�R�U���P�D�G�H�� �O�L�V�W�V�� �R�I�������������S�U�R�P�R�W�L�R�Q�V���S�H�U�� �F�X�V�W�R�P�H�U���� �7�K�H�V�H�� �O�L�V�W�V��
�U�H�S�U�H�V�H�Q�W�H�G���D���Q�H�Z���V�H�U�Y�L�F�H���L�Q�W�U�R�G�X�F�H�G���E�\���W�K�H���U�H�W�D�L�O�H�U�����V�K�L�I�W�L�Q�J���I�U�R�P���D���J�H�Q�H�U�L�F���F�D�W�D�O�R�J�X�H��
�W�R�Z�D�U�G���L�Q�G�L�Y�L�G�X�D�O�L�]�H�G���R�I�I�H�U�V�����3�H�U�V�R�Q�D�O�L�]�H�G���O�L�V�W�V���Z�H�U�H���D�V�V�H�P�E�O�H�G���L�Q�W�R���+�7�0�/���H�P�D�L�O�V����
�P�R�E�L�O�H�� �D�S�S�O�L�F�D�W�L�R�Q���� �D�Q�G�� �S�U�L�Q�W���U�H�D�G�\�� �I�O�\�H�U�V�� �Y�L�D�� �D�� �W�H�P�S�O�D�W�H�� �H�Q�J�L�Q�H���� �7�K�H�� �F�D�P�S�D�L�J�Q��
�P�D�Q�D�J�H�P�H�Q�W�� �P�R�G�X�O�H�� �K�D�Q�G�O�H�G�� �V�F�K�H�G�X�O�L�Q�J���� �F�K�D�Q�Q�H�O�� �S�U�H�I�H�U�H�Q�F�H�V���� �D�Q�G�� �H�Y�H�Q�W�� �W�U�D�F�N�L�Q�J��
���R�S�H�Q���U�D�W�H�V�����H�[�S�R�V�X�U�H�V�����S�X�U�F�K�D�V�H�V���� 

 
 
���������(�Y�D�O�X�D�W�L�R�Q���S�U�R�F�H�G�X�U�H 
�7�K�H�� �H�Y�D�O�X�D�W�L�R�Q�� �I�R�O�O�R�Z�H�G�� �D�� �U�D�Q�G�R�P�L�]�H�G�� �F�R�Q�W�U�R�O�O�H�G�� �W�U�L�D�O�� ���5�&�7���� �G�H�V�L�J�Q�� �R�Y�H�U�� �D�� �������Z�H�H�N��
�S�H�U�L�R�G�����$�� �W�R�W�D�O���R�I�� ���������������� �O�R�\�D�O�W�\�� �S�U�R�J�U�D�P�� �P�H�P�E�H�U�V�� �Z�H�U�H�� �U�D�Q�G�R�P�O�\�� �D�V�V�L�J�Q�H�G���L�Q�W�R���W�Z�R��
�J�U�R�X�S�V�� 
�x �&�R�Q�W�U�R�O�� �J�U�R�X�S�����F�R�Q�W�L�Q�X�H�G�� �U�H�F�H�L�Y�L�Q�J�� �W�K�H�� �J�H�Q�H�U�L�F�� �Z�H�H�N�O�\�� �F�D�W�D�O�R�J�X�H�� �Z�L�W�K�� �R�Y�H�U�� ��������

�S�U�R�P�R�W�L�R�Q�V�����L�Q�F�O�X�G�L�Q�J���P�R�U�H���W�K�D�Q�����������S�U�R�G�X�F�W�V�� 
�x �7�U�H�D�W�P�H�Q�W�� �J�U�R�X�S���� �U�H�F�H�L�Y�H�G�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �O�L�V�W�V�� �R�I�� ���±������ �S�U�R�P�R�W�L�R�Q�V�� �J�H�Q�H�U�D�W�H�G�� �E�\�� �W�K�H��

�U�H�F�R�P�P�H�Q�G�H�U�� �V�\�V�W�H�P���� �G�H�O�L�Y�H�U�H�G�� �W�K�U�R�X�J�K�� �W�K�H�L�U�� �S�U�H�I�H�U�U�H�G�� �F�K�D�Q�Q�H�O�V�� ���H�P�D�L�O���� �P�R�E�L�O�H��
�D�S�S�O�L�F�D�W�L�R�Q�����R�U���S�U�L�Q�W���U�H�D�G�\���I�O�\�H�U���� 

�5�D�Q�G�R�P�L�]�D�W�L�R�Q���Z�D�V���V�W�U�D�W�L�I�L�H�G���E�\���G�H�P�R�J�U�D�S�K�L�F���D�Q�G���E�H�K�D�Y�L�R�U�D�O���D�W�W�U�L�E�X�W�H�V�����H���J�������K�R�X�V�H�K�R�O�G��
�V�L�]�H�����S�D�V�W���S�X�U�F�K�D�V�H���I�U�H�T�X�H�Q�F�\�����W�R���H�Q�V�X�U�H���W�K�H���W�Z�R���J�U�R�X�S�V���Z�H�U�H���F�R�P�S�D�U�D�E�O�H���D�W���E�D�V�H�O�L�Q�H�� 
�7�K�H���S�U�L�P�D�U�\���R�X�W�F�R�P�H���P�H�D�V�X�U�H���Z�D�V���V�D�O�H�V���J�U�R�Z�W�K�����F�D�O�F�X�O�D�W�H�G���D�V���W�K�H���S�H�U�F�H�Q�W�D�J�H���G�L�I�I�H�U�H�Q�F�H��
�L�Q���W�R�W�D�O���U�H�Y�H�Q�X�H���S�H�U���F�X�V�W�R�P�H�U���E�H�W�Z�H�H�Q���W�K�H���W�U�H�D�W�P�H�Q�W���D�Q�G���F�R�Q�W�U�R�O���J�U�R�X�S�V�����7�Z�R���V�H�F�R�Q�G�D�U�\��
�P�H�W�U�L�F�V���Z�H�U�H���H�Y�D�O�X�D�W�H�G�� 
�x �6�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\�����F�K�D�Q�J�H���L�Q���W�K�H���Q�X�P�E�H�U���R�I���V�K�R�S�S�L�Q�J���W�U�L�S�V���S�H�U���F�X�V�W�R�P�H�U���G�X�U�L�Q�J���W�K�H��

�H�Y�D�O�X�D�W�L�R�Q���S�H�U�L�R�G�� 
�x �%�D�V�N�H�W���J�U�R�Z�W�K���U�D�W�H�����F�K�D�Q�J�H���L�Q���W�K�H���D�Y�H�U�D�J�H���Y�D�O�X�H���R�I���D���F�X�V�W�R�P�H�U�¶�V���E�D�V�N�H�W���F�R�P�S�D�U�H�G���W�R��

�E�D�V�H�O�L�Q�H�� 
�,�Q�� �D�G�G�L�W�L�R�Q���� �Z�H�� �D�Q�D�O�\�]�H�G�� �W�K�H�� �U�H�O�D�W�L�R�Q�V�K�L�S�� �E�H�W�Z�H�H�Q�� �H�[�S�R�V�X�U�H�� �I�U�H�T�X�H�Q�F�\�� �D�Q�G�� �F�X�V�W�R�P�H�U��
�E�H�K�D�Y�L�R�U�� �E�\�� �J�U�R�X�S�L�Q�J�� �W�U�H�D�W�P�H�Q�W�� �F�X�V�W�R�P�H�U�V�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �W�L�P�H�V�� �W�K�H�\�� �Y�L�H�Z�H�G��
�S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�V���� �&�R�U�U�H�O�D�W�L�R�Q�� �D�Q�D�O�\�V�L�V�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �Z�K�H�W�K�H�U��
�L�Q�F�U�H�D�V�H�G���H�[�S�R�V�X�U�H���Z�D�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���K�L�J�K�H�U���S�X�U�F�K�D�V�H���I�U�H�T�X�H�Q�F�\���D�Q�G���V�D�O�H�V���J�U�R�Z�W�K�� 
�6�D�O�H�V���� �I�U�H�T�X�H�Q�F�\���� �D�Q�G�� �E�D�V�N�H�W�� �G�D�W�D�� �Z�H�U�H�� �D�J�J�U�H�J�D�W�H�G�� �D�W�� �W�K�H�� �F�X�V�W�R�P�H�U�� �O�H�Y�H�O���� �,�Q�G�H�S�H�Q�G�H�Q�W��
�V�D�P�S�O�H�V�� �W�H�V�W�V�� �Z�H�U�H�� �D�S�S�O�L�H�G�� �W�R�� �F�R�P�S�D�U�H�� �W�U�H�D�W�P�H�Q�W�� �D�Q�G�� �F�R�Q�W�U�R�O�� �J�U�R�X�S�V���� �D�Q�G�� �3�H�D�U�V�R�Q��



 

 

�F�R�U�U�H�O�D�W�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W�V���Z�H�U�H���X�V�H�G���W�R���H�Y�D�O�X�D�W�H���W�K�H���D�V�V�R�F�L�D�W�L�R�Q���E�H�W�Z�H�H�Q���H�[�S�R�V�X�U�H���I�U�H�T�X�H�Q�F�\��
�D�Q�G���E�H�K�D�Y�L�R�U�D�O���R�X�W�F�R�P�H�V�����6�W�D�W�L�V�W�L�F�D�O���V�L�J�Q�L�I�L�F�D�Q�F�H���Z�D�V���V�H�W���D�W���S���������������� 
 
���������/�L�P�L�W�D�W�L�R�Q�V 
�:�K�L�O�H���W�K�H���V�W�X�G�\���D�S�S�O�L�H�G���D���U�L�J�R�U�R�X�V���P�L�[�H�G���P�H�W�K�R�G�V���D�S�S�U�R�D�F�K�����V�H�Y�H�U�D�O���O�L�P�L�W�D�W�L�R�Q�V���V�K�R�X�O�G��
�E�H���D�F�N�Q�R�Z�O�H�G�J�H�G�� 
�)�L�U�V�W�����W�K�H���H�Y�D�O�X�D�W�L�R�Q���Z�D�V���F�R�Q�G�X�F�W�H�G���Z�L�W�K���D���V�L�Q�J�O�H���U�H�W�D�L�O�H�U���L�Q���W�K�H���J�U�R�F�H�U�\���V�H�F�W�R�U�����Z�K�L�F�K���P�D�\��
�O�L�P�L�W���W�K�H���J�H�Q�H�U�D�O�L�]�D�E�L�O�L�W�\���R�I���I�L�Q�G�L�Q�J�V���W�R���R�W�K�H�U���U�H�W�D�L�O���I�R�U�P�D�W�V���V�X�F�K���D�V���I�D�V�K�L�R�Q�����H�O�H�F�W�U�R�Q�L�F�V����
�R�U���V�S�H�F�L�D�O�W�\���J�R�R�G�V�����)�X�W�X�U�H���V�W�X�G�L�H�V���V�K�R�X�O�G���Y�D�O�L�G�D�W�H���W�K�H���S�U�R�S�R�V�H�G���D�U�F�K�L�W�H�F�W�X�U�H���D�F�U�R�V�V���G�L�Y�H�U�V�H��
�U�H�W�D�L�O���F�R�Q�W�H�[�W�V�� 
�6�H�F�R�Q�G���� �W�K�H�� �������Z�H�H�N�� �W�L�P�H�I�U�D�P�H�� �U�H�V�W�U�L�F�W�H�G�� �W�K�H�� �D�E�L�O�L�W�\�� �W�R�� �F�D�S�W�X�U�H�� �O�R�Q�J���W�H�U�P�� �F�X�V�W�R�P�H�U��
�E�H�K�D�Y�L�R�U�� �V�K�L�I�W�V�� �D�Q�G�� �V�H�D�V�R�Q�D�O�L�W�\�� �H�I�I�H�F�W�V���� �(�[�W�H�Q�G�H�G�� �G�H�S�O�R�\�P�H�Q�W�V�� �Z�R�X�O�G�� �S�U�R�Y�L�G�H�� �G�H�H�S�H�U��
�L�Q�V�L�J�K�W�V�� �L�Q�W�R�� �F�X�V�W�R�P�H�U�� �O�R�\�D�O�W�\���� �U�H�S�H�D�W�H�G�� �X�V�H�� �R�I�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�V���� �D�Q�G�� �W�K�H��
�V�X�V�W�D�L�Q�D�E�L�O�L�W�\���R�I���R�E�V�H�U�Y�H�G���E�H�Q�H�I�L�W�V�� 
�7�K�L�U�G�����Z�K�L�O�H���S�U�L�Y�D�F�\���D�Q�G���G�D�W�D���S�U�R�W�H�F�W�L�R�Q���D�U�H���I�X�O�O�\���P�D�Q�D�J�H�G���W�K�U�R�X�J�K���W�K�H���U�H�W�D�L�O�H�U�¶�V���O�R�\�D�O�W�\��
�S�U�R�J�U�D�P���� �Z�K�H�U�H�� �F�X�V�W�R�P�H�U�V�� �H�[�S�O�L�F�L�W�O�\�� �F�R�Q�V�H�Q�W�� �W�R�� �W�K�H�� �X�V�H�� �R�I�� �W�K�H�L�U�� �S�H�U�V�R�Q�D�O�� �G�D�W�D�� �I�R�U��
�S�U�R�P�R�W�L�R�Q�D�O�� �S�X�U�S�R�V�H�V���� �I�X�W�X�U�H�� �U�H�V�H�D�U�F�K�� �F�R�X�O�G�� �H�[�S�O�R�U�H�� �D�G�G�L�W�L�R�Q�D�O�� �S�U�L�Y�D�F�\���S�U�H�V�H�U�Y�L�Q�J��
�P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�� �W�H�F�K�Q�L�T�X�H�V�� ���H���J������ �G�L�I�I�H�U�H�Q�W�L�D�O�� �S�U�L�Y�D�F�\���� �I�H�G�H�U�D�W�H�G�� �O�H�D�U�Q�L�Q�J������ �7�K�H�V�H��
�D�S�S�U�R�D�F�K�H�V���F�R�X�O�G���I�X�U�W�K�H�U���V�W�U�H�Q�J�W�K�H�Q���F�X�V�W�R�P�H�U���W�U�X�V�W���D�Q�G���R�I�I�H�U���L�Q�V�L�J�K�W�V���L�Q�W�R���K�R�Z���W�R���E�D�O�D�Q�F�H��
�S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���D�F�F�X�U�D�F�\���Z�L�W�K���H�Q�K�D�Q�F�H�G���G�D�W�D���S�U�R�W�H�F�W�L�R�Q�� 
�%�\���U�H�F�R�J�Q�L�]�L�Q�J���W�K�H�V�H���O�L�P�L�W�D�W�L�R�Q�V�����W�K�H���V�W�X�G�\���S�U�R�Y�L�G�H�V���D���W�U�D�Q�V�S�D�U�H�Q�W���E�D�V�L�V���I�R�U���L�Q�W�H�U�S�U�H�W�L�Q�J��
�W�K�H���I�L�Q�G�L�Q�J�V���D�Q�G���K�L�J�K�O�L�J�K�W�V���R�S�S�R�U�W�X�Q�L�W�L�H�V���I�R�U���I�X�U�W�K�H�U���U�H�V�H�D�U�F�K�� 

�����5�H�V�X�O�W�V 
�7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �V�H�F�W�L�R�Q�V�� �S�U�H�V�H�Q�W�� �W�K�H�� �U�H�V�X�O�W�V�� �R�I�� �W�K�H�� �������Z�H�H�N�� �U�D�Q�G�R�P�L�]�H�G�� �F�R�Q�W�U�R�O�O�H�G�� �W�U�L�D�O����
�V�W�U�X�F�W�X�U�H�G���D�U�R�X�Q�G���W�K�H���U�H�V�H�D�U�F�K���R�E�M�H�F�W�L�Y�H�V�����7�K�H���D�Q�D�O�\�V�L�V���F�R�Y�H�U�V���V�\�V�W�H�P���S�H�U�I�R�U�P�D�Q�F�H�����V�D�O�H�V��
�L�P�S�D�F�W�����E�H�K�D�Y�L�R�U�D�O���F�K�D�Q�J�H�V�����D�Q�G���S�U�R�F�H�V�V���L�P�S�U�R�Y�H�P�H�Q�W�V�� 
 
���������6�\�V�W�H�P���D�U�F�K�L�W�H�F�W�X�U�H���D�Q�G���H�I�I�L�F�L�H�Q�F�\ 
�2�Q�H�� �R�I�� �W�K�H�� �N�H�\�� �R�E�M�H�F�W�L�Y�H�V�� �R�I�� �W�K�L�V�� �S�U�R�M�H�F�W�� �Z�D�V�� �W�R�� �G�H�V�L�J�Q�� �D�Q�G�� �L�P�S�O�H�P�H�Q�W�� �D�� �V�\�V�W�H�P��
�D�U�F�K�L�W�H�F�W�X�U�H���W�K�D�W���L�Q�W�H�J�U�D�W�H�V���W�K�H���U�H�W�D�L�O�H�U�¶�V���H�Q�W�H�U�S�U�L�V�H���V�\�V�W�H�P�V���Z�L�W�K���D���S�U�L�Y�D�W�H���F�O�R�X�G���D�Q�D�O�\�W�L�F�V��
�S�O�D�W�I�R�U�P���� �7�K�H�� �L�P�S�O�H�P�H�Q�W�H�G�� �V�R�O�X�W�L�R�Q�� �D�F�K�L�H�Y�H�G�� �W�K�L�V�� �J�R�D�O�� �D�Q�G���� �P�R�V�W�� �L�P�S�R�U�W�D�Q�W�O�\����
�V�W�D�Q�G�D�U�G�L�]�H�G���W�K�H���S�U�R�F�H�V�V���R�I���O�H�D�I�O�H�W���D�Q�G���F�D�P�S�D�L�J�Q���F�U�H�D�W�L�R�Q�����%�\���H�P�E�H�G�G�L�Q�J���S�U�R�G�X�F�W���G�D�W�D����
�O�D�\�R�X�W�V���� �D�Q�G�� �L�P�D�J�H�V�� �L�Q�W�R�� �D�� �X�Q�L�I�L�H�G�� �Z�R�U�N�I�O�R�Z���� �W�K�H�� �V�\�V�W�H�P�� �H�Q�V�X�U�H�V�� �W�K�D�W�� �E�R�W�K�� �W�K�H�� �J�H�Q�H�U�L�F��
�Z�H�H�N�O�\�� �F�D�W�D�O�R�J�X�H�� �D�Q�G�� �W�K�H�� �Q�H�Z�O�\�� �L�Q�W�U�R�G�X�F�H�G�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �O�L�V�W�V�� �D�U�H�� �J�H�Q�H�U�D�W�H�G�� �X�V�L�Q�J�� �W�K�H��
�V�D�P�H���W�H�P�S�O�D�W�H�V���D�Q�G���S�U�R�F�H�G�X�U�H�V�� 
�7�K�L�V���V�W�D�Q�G�D�U�G�L�]�D�W�L�R�Q���U�H�G�X�F�H�G���L�Q�F�R�Q�V�L�V�W�H�Q�F�L�H�V�����H�O�L�P�L�Q�D�W�H�G���P�D�Q�X�D�O���U�H�Z�R�U�N�����D�Q�G���L�P�S�U�R�Y�H�G��
�W�K�H�� �R�Y�H�U�D�O�O�� �T�X�D�O�L�W�\�� �D�Q�G�� �E�U�D�Q�G�L�Q�J�� �F�R�Q�V�L�V�W�H�Q�F�\�� �R�I�� �F�D�P�S�D�L�J�Q�� �P�D�W�H�U�L�D�O�V���� �0�D�U�N�H�W�L�Q�J�� �V�W�D�I�I��
�U�H�S�R�U�W�H�G���W�K�D�W���W�K�H���D�X�W�R�P�D�W�H�G���Z�R�U�N�I�O�R�Z���S�U�R�Y�L�G�H�G���J�U�H�D�W�H�U���F�O�D�U�L�W�\���D�Q�G���S�U�H�G�L�F�W�D�E�L�O�L�W�\���L�Q���O�H�D�I�O�H�W��
�S�U�H�S�D�U�D�W�L�R�Q���� �P�D�N�L�Q�J�� �W�K�H�� �F�D�P�S�D�L�J�Q�� �S�U�R�F�H�V�V�� �P�R�U�H�� �H�I�I�L�F�L�H�Q�W�� �D�Q�G�� �O�H�V�V���H�U�U�R�U�� �S�U�R�Q�H���� �7�K�H�\��
�K�L�J�K�O�L�J�K�W�H�G���W�K�D�W���W�K�L�V���I�U�H�H�G���W�L�P�H���I�R�U���I�R�F�X�V�L�Q�J���R�Q���F�U�H�D�W�L�Y�H���D�Q�G���V�W�U�D�W�H�J�L�F���D�V�S�H�F�W�V���R�I���F�D�P�S�D�L�J�Q��
�G�H�V�L�J�Q�� �U�D�W�K�H�U�� �W�K�D�Q�� �U�H�S�H�W�L�W�L�Y�H�� �I�R�U�P�D�W�W�L�Q�J�� �W�D�V�N�V�����$�W�� �W�K�H�� �V�D�P�H�� �W�L�P�H���� �W�K�H�\�� �H�P�S�K�D�V�L�]�H�G�� �W�K�H��
�L�P�S�R�U�W�D�Q�F�H�� �R�I�� �R�Q�J�R�L�Q�J�� �P�R�Q�L�W�R�U�L�Q�J�� �W�R�� �H�Q�V�X�U�H�� �W�K�D�W�� �W�K�H�� �D�X�W�R�P�D�W�L�F�D�O�O�\�� �J�H�Q�H�U�D�W�H�G�� �F�R�Q�W�H�Q�W��
�U�H�P�D�L�Q�V���D�O�L�J�Q�H�G���Z�L�W�K���E�U�D�Q�G�L�Q�J���J�X�L�G�H�O�L�Q�H�V���D�Q�G���F�X�U�U�H�Q�W���P�D�U�N�H�W�L�Q�J���S�U�L�R�U�L�W�L�H�V�� 
 
���������6�D�O�H�V���,�P�S�D�F�W 
�7�K�H���H�Y�D�O�X�D�W�L�R�Q���G�H�P�R�Q�V�W�U�D�W�H�G���D���V�L�J�Q�L�I�L�F�D�Q�W���S�R�V�L�W�L�Y�H���L�P�S�D�F�W���R�Q���V�D�O�H�V���S�H�U�I�R�U�P�D�Q�F�H���D�V���D���U�H�V�X�O�W��
�R�I���L�Q�W�U�R�G�X�F�L�Q�J���S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�V�����'�X�U�L�Q�J���W�K�H���������Z�H�H�N���U�D�Q�G�R�P�L�]�H�G���F�R�Q�W�U�R�O�O�H�G���W�U�L�D�O����



 

 

�F�X�V�W�R�P�H�U�V���L�Q���W�K�H���W�U�H�D�W�P�H�Q�W���J�U�R�X�S�² �Z�K�R���U�H�F�H�L�Y�H�G���S�H�U�V�R�Q�D�O�L�]�H�G���O�L�V�W�V���R�I�����±�������S�U�R�P�R�W�L�R�Q�V�²
�J�H�Q�H�U�D�W�H�G�����������K�L�J�K�H�U���V�D�O�H�V���F�R�P�S�D�U�H�G���Z�L�W�K���F�X�V�W�R�P�H�U�V���L�Q���W�K�H���F�R�Q�W�U�R�O���J�U�R�X�S���Z�K�R���G�L�G���Q�R�W��
�Y�L�H�Z���S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�V�� 
�7�K�L�V���V�D�O�H�V���O�L�I�W���S�U�R�Y�L�G�H�V���U�R�E�X�V�W���H�Y�L�G�H�Q�F�H���W�K�D�W���W�D�L�O�R�U�L�Q�J���R�I�I�H�U�V���I�U�R�P���W�K�H���H�[�L�V�W�L�Q�J���S�R�R�O���R�I���R�Y�H�U��
�������� �S�U�R�P�R�W�L�R�Q�V�� ������������ �S�U�R�G�X�F�W�V���� �Z�H�H�N�O�\�� �S�U�R�P�R�W�L�R�Q�D�O�� �S�U�R�G�X�F�W�V�� �F�D�Q�� �P�H�D�Q�L�Q�J�I�X�O�O�\��
�L�Q�I�O�X�H�Q�F�H���S�X�U�F�K�D�V�L�Q�J���E�H�K�D�Y�L�R�U�����7�K�H���U�H�V�X�O�W���F�R�Q�I�L�U�P�V���W�K�D�W���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���Q�R�W���R�Q�O�\���H�Q�J�D�J�H�V��
�F�X�V�W�R�P�H�U�V���E�X�W���D�O�V�R���G�U�L�Y�H�V���P�H�D�V�X�U�D�E�O�H���E�X�V�L�Q�H�V�V���R�X�W�F�R�P�H�V���L�Q���W�H�U�P�V���R�I���U�H�Y�H�Q�X�H���J�U�R�Z�W�K�� 
 
���������6�K�R�S�S�L�Q�J���)�U�H�T�X�H�Q�F�\���D�Q�G���(�[�S�R�V�X�U�H���$�Q�D�O�\�V�L�V 
�%�H�\�R�Q�G�� �R�Y�H�U�D�O�O�� �V�D�O�H�V�� �J�U�R�Z�W�K���� �W�K�H�� �D�Q�D�O�\�V�L�V�� �U�H�Y�H�D�O�H�G�� �D�� �F�O�H�D�U�� �E�H�K�D�Y�L�R�U�D�O�� �V�K�L�I�W�� �D�P�R�Q�J��
�F�X�V�W�R�P�H�U�V�� �H�[�S�R�V�H�G�� �W�R�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�V���� �$�� �S�R�V�L�W�L�Y�H�� �F�R�U�U�H�O�D�W�L�R�Q�� �Z�D�V�� �R�E�V�H�U�Y�H�G��
�E�H�W�Z�H�H�Q�� �W�K�H�� �Q�X�P�E�H�U�� �R�I�� �W�L�P�H�V�� �F�X�V�W�R�P�H�U�V�� �Y�L�H�Z�H�G�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�V�� �D�Q�G�� �W�K�H�L�U��
�V�X�E�V�H�T�X�H�Q�W���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�Q�G���E�D�V�N�H�W���J�U�R�Z�W�K���U�D�W�H�� 
�6�S�H�F�L�I�L�F�D�O�O�\���� �F�X�V�W�R�P�H�U�V�� �Z�L�W�K�� �W�K�H�� �K�L�J�K�H�V�W�� �H�[�S�R�V�X�U�H�� �W�R�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �O�L�V�W�V�� �G�H�P�R�Q�V�W�U�D�W�H�G��
�L�Q�F�U�H�D�V�H�V�� �L�Q�� �V�K�R�S�S�L�Q�J�� �I�U�H�T�X�H�Q�F�\�� �D�Q�G�� �E�D�V�N�H�W�� �Y�D�O�X�H�� �U�D�Q�J�L�Q�J�� �I�U�R�P�� ������ �W�R���������� �U�H�O�D�W�L�Y�H�� �W�R��
�W�K�H�L�U�� �E�D�V�H�O�L�Q�H�� �S�X�U�F�K�D�V�L�Q�J�� �E�H�K�D�Y�L�R�U���� �7�K�L�V�� �I�L�Q�G�L�Q�J�� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �U�H�S�H�D�W�H�G�� �H�[�S�R�V�X�U�H�� �W�R��
�U�H�O�H�Y�D�Q�W���� �W�D�U�J�H�W�H�G�� �R�I�I�H�U�V�� �G�R�H�V�� �P�R�U�H�� �W�K�D�Q�� �J�H�Q�H�U�D�W�H�� �R�Q�H���W�L�P�H�� �S�X�U�F�K�D�V�H�V���² ���L�W�� �H�Q�F�R�X�U�D�J�H�V��
�P�R�U�H���I�U�H�T�X�H�Q�W���V�W�R�U�H���Y�L�V�L�W�V���D�Q�G���J�U�D�G�X�D�O�O�\���L�Q�F�U�H�D�V�H�V���R�Y�H�U�D�O�O���V�S�H�Q�G�L�Q�J���S�H�U���Y�L�V�L�W�� 
�7�K�H�V�H���U�H�V�X�O�W�V���U�H�L�Q�I�R�U�F�H���W�K�H���S�R�W�H�Q�W�L�D�O���R�I���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���D�V���D���O�R�Q�J���W�H�U�P���H�Q�J�D�J�H�P�H�Q�W���G�U�L�Y�H�U����
�G�H�P�R�Q�V�W�U�D�W�L�Q�J�� �W�K�D�W�� �W�K�H�� �V�\�V�W�H�P�� �Q�R�W�� �R�Q�O�\�� �S�U�R�G�X�F�H�V���D�Q�� �L�P�P�H�G�L�D�W�H���V�D�O�H�V�� �X�S�O�L�I�W�� �E�X�W�� �D�O�V�R��
�F�R�Q�W�U�L�E�X�W�H�V���W�R���P�R�U�H���V�X�V�W�D�L�Q�H�G���F�X�V�W�R�P�H�U���S�D�U�W�L�F�L�S�D�W�L�R�Q���L�Q���S�U�R�P�R�W�L�R�Q�D�O���F�D�P�S�D�L�J�Q�V�� 
 
���������0�X�O�W�L���F�K�D�Q�Q�H�O���G�H�O�L�Y�H�U�\���S�H�U�I�R�U�P�D�Q�F�H 
�7�K�H�� �P�X�O�W�L���F�K�D�Q�Q�H�O�� �G�H�O�L�Y�H�U�\�� �F�R�P�S�R�Q�H�Q�W�� �S�H�U�I�R�U�P�H�G�� �U�H�O�L�D�E�O�\�� �W�K�U�R�X�J�K�R�X�W�� �W�K�H�� �H�Y�D�O�X�D�W�L�R�Q��
�S�H�U�L�R�G���� �3�H�U�V�R�Q�D�O�L�]�H�G�� �O�L�V�W�V�� �Z�H�U�H�� �V�X�F�F�H�V�V�I�X�O�O�\�� �G�L�V�W�U�L�E�X�W�H�G�� �Y�L�D�� �H�P�D�L�O���� �P�R�E�L�O�H�� �D�S�S�O�L�F�D�W�L�R�Q��
�Q�R�W�L�I�L�F�D�W�L�R�Q�V���� �D�Q�G�� �S�U�L�Q�W���U�H�D�G�\�� �I�O�\�H�U�V���� �H�Q�V�X�U�L�Q�J�� �E�U�R�D�G�� �F�X�V�W�R�P�H�U�� �F�R�Y�H�U�D�J�H�� �U�H�J�D�U�G�O�H�V�V�� �R�I��
�S�U�H�I�H�U�U�H�G���F�K�D�Q�Q�H�O�� 
�7�K�H���F�D�P�S�D�L�J�Q���P�D�Q�D�J�H�P�H�Q�W���P�R�G�X�O�H���F�R�U�U�H�F�W�O�\���D�S�S�O�L�H�G���F�K�D�Q�Q�H�O���S�U�H�I�H�U�H�Q�F�H�V�����J�X�D�U�D�Q�W�H�H�L�Q�J��
�W�K�D�W�� �F�X�V�W�R�P�H�U�V�� �U�H�F�H�L�Y�H�G�� �R�I�I�H�U�V�� �W�K�U�R�X�J�K�� �W�K�H�L�U�� �F�K�R�V�H�Q�� �P�H�G�L�X�P���� �7�K�L�V�� �Q�R�W�� �R�Q�O�\�� �L�P�S�U�R�Y�H�G��
�F�X�V�W�R�P�H�U���H�[�S�H�U�L�H�Q�F�H�� �E�X�W�� �D�O�V�R�� �S�U�R�Y�L�G�H�G�� �W�K�H�� �G�D�W�D�� �J�U�D�Q�X�O�D�U�L�W�\�� �Q�H�H�G�H�G�� �W�R�� �W�U�D�F�N�� �H�[�S�R�V�X�U�H��
�I�U�H�T�X�H�Q�F�\���D�W���W�K�H���L�Q�G�L�Y�L�G�X�D�O���O�H�Y�H�O�����6�X�F�K���W�U�D�F�N�L�Q�J���Z�D�V���H�V�V�H�Q�W�L�D�O���I�R�U���W�K�H���F�R�U�U�H�O�D�W�L�R�Q���D�Q�D�O�\�V�L�V��
�W�K�D�W���O�L�Q�N�H�G���U�H�S�H�D�W�H�G���S�U�R�P�R�W�L�R�Q���Y�L�H�Z�V���W�R���L�Q�F�U�H�D�V�H�G���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�Q�G���V�D�O�H�V���J�U�R�Z�W�K�� 
�0�D�U�N�H�W�L�Q�J���V�W�D�I�I���K�L�J�K�O�L�J�K�W�H�G���W�K�D�W���W�K�H���X�Q�L�I�L�H�G���F�D�P�S�D�L�J�Q���P�D�Q�D�J�H�P�H�Q�W���L�Q�W�H�U�I�D�F�H���V�L�P�S�O�L�I�L�H�G��
�V�F�K�H�G�X�O�L�Q�J�� �D�Q�G���D�O�O�R�Z�H�G���W�K�H�P���W�R���P�R�Q�L�W�R�U���G�H�O�L�Y�H�U�\�� �S�H�U�I�R�U�P�D�Q�F�H���D�F�U�R�V�V�� �D�O�O���F�K�D�Q�Q�H�O�V���L�Q���D��
�F�R�Q�V�L�V�W�H�Q�W���P�D�Q�Q�H�U�����7�K�L�V���L�P�S�U�R�Y�H�G���Y�L�V�L�E�L�O�L�W�\���H�Q�D�E�O�H�G���I�D�V�W�H�U���G�H�W�H�F�W�L�R�Q���R�I���L�V�V�X�H�V���D�Q�G���H�Q�V�X�U�H�G��
�W�K�D�W���F�D�P�S�D�L�J�Q�V���U�H�P�D�L�Q�H�G���V�\�Q�F�K�U�R�Q�L�]�H�G���D�F�U�R�V�V���G�L�J�L�W�D�O���D�Q�G���S�K�\�V�L�F�D�O���W�R�X�F�K�S�R�L�Q�W�V�� 
 
���������2�Y�H�U�D�O�O���L�P�S�D�F�W 
�7�D�N�H�Q�� �W�R�J�H�W�K�H�U���� �W�K�H�� �U�H�V�X�O�W�V�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�K�D�W�� �W�K�H�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �S�H�U�V�R�Q�D�O�L�]�H�G��
�S�U�R�P�R�W�L�R�Q���V�\�V�W�H�P���D�F�K�L�H�Y�H�G���E�R�W�K���R�S�H�U�D�W�L�R�Q�D�O���D�Q�G���E�X�V�L�Q�H�V�V���R�E�M�H�F�W�L�Y�H�V�� 
�2�Q�� �W�K�H�� �R�S�H�U�D�W�L�R�Q�D�O�� �V�L�G�H���� �W�K�H�� �V�\�V�W�H�P�� �V�X�F�F�H�V�V�I�X�O�O�\�� �V�W�D�Q�G�D�U�G�L�]�H�G�� �W�K�H�� �F�D�P�S�D�L�J�Q�� �F�U�H�D�W�L�R�Q��
�S�U�R�F�H�V�V���� �L�P�S�U�R�Y�L�Q�J�� �T�X�D�O�L�W�\���� �F�R�Q�V�L�V�W�H�Q�F�\���� �D�Q�G�� �F�R�O�O�D�E�R�U�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �P�D�U�N�H�W�L�Q�J�� �D�Q�G�� �,�7��
�W�H�D�P�V���� �7�K�L�V�� �X�Q�L�I�L�F�D�W�L�R�Q�� �R�I�� �Z�R�U�N�I�O�R�Z�V�� �I�R�U�� �J�H�Q�H�U�L�F�� �F�D�W�D�O�R�J�X�H�V�� �D�Q�G�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �O�L�V�W�V��
�U�H�G�X�F�H�G���P�D�Q�X�D�O���U�H�Z�R�U�N���D�Q�G���D�O�O�R�Z�H�G���P�D�U�N�H�W�L�Q�J���V�W�D�I�I���W�R���I�R�F�X�V���P�R�U�H���R�Q���V�W�U�D�W�H�J�L�F���S�O�D�Q�Q�L�Q�J��
�D�Q�G���F�U�H�D�W�L�Y�H���G�H�V�L�J�Q�� 
�2�Q���W�K�H���E�X�V�L�Q�H�V�V���V�L�G�H�����W�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q���R�I���S�H�U�V�R�Q�D�O�L�]�H�G���O�L�V�W�V���G�H�O�L�Y�H�U�H�G���D���P�H�D�V�X�U�D�E�O�H����������
�V�D�O�H�V���X�S�O�L�I�W���D�Q�G���D���F�O�H�D�U���E�H�K�D�Y�L�R�U�D�O���V�K�L�I�W���D�P�R�Q�J���F�X�V�W�R�P�H�U�V�����Z�L�W�K���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�Q�G��
�E�D�V�N�H�W���Y�D�O�X�H�V���L�Q�F�U�H�D�V�L�Q�J���L�Q���S�U�R�S�R�U�W�L�R�Q���W�R���W�K�H���Q�X�P�E�H�U���R�I���W�L�P�H�V���S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�V��
�Z�H�U�H���Y�L�H�Z�H�G�������±���������J�U�R�Z�W�K���U�D�Q�J�H�������7�K�H�V�H���U�H�V�X�O�W�V���F�R�Q�I�L�U�P���W�K�D�W���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���Q�R�W���R�Q�O�\��



 

 

�H�Q�K�D�Q�F�H�V���F�D�P�S�D�L�J�Q���U�H�O�H�Y�D�Q�F�H���E�X�W���D�O�V�R���G�U�L�Y�H�V���V�X�V�W�D�L�Q�D�E�O�H���U�H�Y�H�Q�X�H���J�U�R�Z�W�K���Z�K�H�Q���G�H�S�O�R�\�H�G��
�D�W���V�F�D�O�H�� 
 
�&�R�O�O�H�F�W�L�Y�H�O�\���� �W�K�H�V�H�� �R�X�W�F�R�P�H�V�� �V�K�R�Z�� �W�K�D�W�� �W�K�H�� �V�R�O�X�W�L�R�Q�� �L�V�� �D�� �Y�L�D�E�O�H���� �V�F�D�O�D�E�O�H�� �D�S�S�U�R�D�F�K�� �I�R�U��
�W�U�D�Q�V�I�R�U�P�L�Q�J�� �D�� �U�H�W�D�L�O�H�U�¶�V�� �W�U�D�G�L�W�L�R�Q�D�O�� �S�U�R�P�R�W�L�R�Q�� �S�U�R�F�H�V�V�� �L�Q�W�R�� �D�� �G�D�W�D���G�U�L�Y�H�Q���� �F�X�V�W�R�P�H�U��
�F�H�Q�W�U�L�F���V�H�U�Y�L�F�H�����J�H�Q�H�U�D�W�L�Q�J���Y�D�O�X�H���I�R�U���E�R�W�K���W�K�H���E�X�V�L�Q�H�V�V���D�Q�G���L�W�V���F�X�V�W�R�P�H�U�V�� 
 
���������6�X�P�P�D�U�\���R�I���I�L�Q�G�L�Q�J�V 
�7�K�H�� �H�Y�D�O�X�D�W�L�R�Q�� �F�R�Q�I�L�U�P�V�� �W�K�D�W�� �W�K�H�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �S�U�R�P�R�W�L�R�Q�� �V�\�V�W�H�P�� �V�X�F�F�H�V�V�I�X�O�O�\�� �P�H�W�� �W�K�H��
�U�H�V�H�D�U�F�K�� �R�E�M�H�F�W�L�Y�H�V���� �7�K�H�� �V�R�O�X�W�L�R�Q�� �Q�R�W�� �R�Q�O�\�� �V�W�D�Q�G�D�U�G�L�]�H�G�� �D�Q�G�� �L�P�S�U�R�Y�H�G�� �W�K�H�� �F�D�P�S�D�L�J�Q��
�S�U�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V���E�X�W���D�O�V�R���G�H�O�L�Y�H�U�H�G���P�H�D�V�X�U�D�E�O�H���E�X�V�L�Q�H�V�V���R�X�W�F�R�P�H�V�����L�Q�F�O�X�G�L�Q�J���D����������
�L�Q�F�U�H�D�V�H�� �L�Q�� �V�D�O�H�V�� �D�Q�G�� �V�L�J�Q�L�I�L�F�D�Q�W�� �J�U�R�Z�W�K�� �L�Q�� �V�K�R�S�S�L�Q�J�� �I�U�H�T�X�H�Q�F�\�� �D�Q�G�� �E�D�V�N�H�W�� �V�L�]�H�� �D�P�R�Q�J��
�K�L�J�K�O�\���H�[�S�R�V�H�G���F�X�V�W�R�P�H�U�V�� 

�7�D�E�O�H���������6�X�P�P�D�U�\���R�I���U�H�V�H�D�U�F�K���R�E�M�H�F�W�L�Y�H�V�����H�Y�L�G�H�Q�F�H�����D�Q�G���R�X�W�F�R�P�H�V�� 

�5�H�V�H�D�U�F�K���2�E�M�H�F�W�L�Y�H �.�H�\���(�Y�L�G�H�Q�F�H �2�X�W�F�R�P�H 

�'�H�V�L�J�Q�� �D�Q�G�� �L�P�S�O�H�P�H�Q�W�� �D�� �V�\�V�W�H�P��
�D�U�F�K�L�W�H�F�W�X�U�H�� �L�Q�W�H�J�U�D�W�L�Q�J�� �(�5�3����
�W�U�D�Q�V�D�F�W�L�R�Q�� �G�D�W�D���� �D�Q�G�� �S�U�L�Y�D�W�H��
�F�O�R�X�G 

�)�R�X�U���O�D�\�H�U�� �D�U�F�K�L�W�H�F�W�X�U�H�� �G�H�S�O�R�\�H�G�� �L�Q�� �S�U�L�Y�D�W�H��
�F�O�R�X�G�����H�Q�V�X�U�H�G���G�D�W�D���V�R�Y�H�U�H�L�J�Q�W�\���D�Q�G���L�Q�W�H�J�U�D�W�L�R�Q��
�Z�L�W�K���O�R�\�D�O�W�\���S�U�R�J�U�D�P���F�R�Q�V�H�Q�W���S�U�R�F�H�V�V�� 

�$�F�K�L�H�Y�H�G 
�)�X�Q�F�W�L�R�Q�D�O�����V�H�F�X�U�H�� �D�Q�G��
�F�R�P�S�O�L�D�Q�W 

�*�H�Q�H�U�D�W�H�� �S�H�U�V�R�Q�D�O�L�]�H�G��
�S�U�R�P�R�W�L�R�Q�V�� �I�U�R�P������������ �Z�H�H�N�O�\��
�R�I�I�H�U�V 

�$�X�W�R�P�D�W�H�G�� �S�U�R�G�X�F�W�L�R�Q�� �R�I�� ���±������ �L�W�H�P��
�S�H�U�V�R�Q�D�O�L�]�H�G�� �O�L�V�W�V�� �S�H�U�� �F�X�V�W�R�P�H�U�� �X�V�L�Q�J�� �X�Q�L�I�L�H�G��
�Z�R�U�N�I�O�R�Z�� 

�$�F�K�L�H�Y�H�G 
�3�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�� �V�H�U�Y�L�F�H��
�I�X�O�O�\���R�S�H�U�D�W�L�R�Q�D�O 

�,�P�S�O�H�P�H�Q�W�� �P�X�O�W�L���F�K�D�Q�Q�H�O��
�G�H�O�L�Y�H�U�\�����H�P�D�L�O�����D�S�S�����S�U�L�Q�W�� 

�&�D�P�S�D�L�J�Q�� �H�Q�J�L�Q�H�� �V�X�S�S�R�U�W�H�G�� �H�P�D�L�O���� �D�S�S���� �D�Q�G��
�S�U�L�Q�W�� �F�K�D�Q�Q�H�O�V���� �K�R�Q�R�U�H�G�� �F�X�V�W�R�P�H�U�� �S�U�H�I�H�U�H�Q�F�H�V����
�S�U�R�Y�L�G�H�G���H�[�S�R�V�X�U�H���W�U�D�F�N�L�Q�J�� 

�$�F�K�L�H�Y�H�G 
�5�H�O�L�D�E�O�H�� �P�X�O�W�L���F�K�D�Q�Q�H�O��
�H�[�H�F�X�W�L�R�Q 

�0�H�D�V�X�U�H���E�X�V�L�Q�H�V�V���L�P�S�D�F�W �6�D�O�H�V�� �O�L�I�W�� �R�I�� �������� �F�R�P�S�D�U�H�G�� �W�R�� �F�R�Q�W�U�R�O�� �J�U�R�X�S����
�S�R�V�L�W�L�Y�H���F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���H�[�S�R�V�X�U�H���I�U�H�T�X�H�Q�F�\��
�D�Q�G���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���E�D�V�N�H�W���J�U�R�Z�W�K�������±�������� �� 

�$�F�K�L�H�Y�H�G 
�&�O�H�D�U�� �H�Y�L�G�H�Q�F�H�� �R�I��
�U�H�Y�H�Q�X�H�� �D�Q�G��
�H�Q�J�D�J�H�P�H�Q�W���L�P�S�D�F�W 

�6�W�D�Q�G�D�U�G�L�]�H�� �F�D�P�S�D�L�J�Q��
�S�U�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V 

�8�Q�L�I�L�H�G�� �W�H�P�S�O�D�W�H�V�� �D�Q�G�� �Z�R�U�N�I�O�R�Z�V�� �U�H�G�X�F�H�G��
�P�D�Q�X�D�O�� �Y�D�U�L�D�E�L�O�L�W�\�� �D�Q�G�� �L�P�S�U�R�Y�H�G�� �E�U�D�Q�G��
�F�R�Q�V�L�V�W�H�Q�F�\�� 

�$�F�K�L�H�Y�H�G 
�(�Q�K�D�Q�F�H�G�� �S�U�R�F�H�V�V��
�T�X�D�O�L�W�\�� �D�Q�G��
�S�U�H�G�L�F�W�D�E�L�O�L�W�\ 

 

�����'�L�V�F�X�V�V�L�R�Q�� 
�7�K�H���I�L�Q�G�L�Q�J�V���R�I���W�K�L�V���V�W�X�G�\���S�U�R�Y�L�G�H���F�O�H�D�U���H�Y�L�G�H�Q�F�H���W�K�D�W���S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�V�����H�Q�D�E�O�H�G��
�E�\�� �D�� �F�O�R�X�G���E�D�V�H�G�� �U�H�F�R�P�P�H�Q�G�H�U�� �V�\�V�W�H�P���� �G�H�O�L�Y�H�U���D�� �W�D�Q�J�L�E�O�H���E�X�V�L�Q�H�V�V�� �L�P�S�D�F�W�� �L�Q�� �J�U�R�F�H�U�\��
�U�H�W�D�L�O�����&�X�V�W�R�P�H�U�V���Z�K�R���U�H�F�H�L�Y�H�G���S�H�U�V�R�Q�D�O�L�]�H�G���O�L�V�W�V���R�I�����±�������L�W�H�P�V���G�U�D�Z�Q���I�U�R�P���W�K�H���Z�H�H�N�O�\��
�S�R�R�O�� �R�I������������ �S�U�R�P�R�W�L�R�Q�V�� �J�H�Q�H�U�D�W�H�G�� �������� �K�L�J�K�H�U�� �V�D�O�H�V�� �F�R�P�S�D�U�H�G�� �Z�L�W�K�� �F�X�V�W�R�P�H�U�V�� �L�Q�� �W�K�H��
�F�R�Q�W�U�R�O�� �J�U�R�X�S���� �0�R�U�H�R�Y�H�U���� �D�Q�D�O�\�V�L�V�� �U�H�Y�H�D�O�H�G�� �D�� �S�R�V�L�W�L�Y�H���� �H�[�S�R�V�X�U�H���G�H�S�H�Q�G�H�Q�W�� �E�H�K�D�Y�L�R�U�D�O��
�V�K�L�I�W�����Z�L�W�K���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�Q�G���E�D�V�N�H�W���J�U�R�Z�W�K���L�P�S�U�R�Y�L�Q�J���E�H�W�Z�H�H�Q���������D�Q�G�����������D�P�R�Q�J��
�F�X�V�W�R�P�H�U�V���Z�K�R���U�H�S�H�D�W�H�G�O�\���Y�L�H�Z�H�G���S�H�U�V�R�Q�D�O�L�]�H�G���R�I�I�H�U�V�� 
�)�U�R�P�� �D�Q�� �R�S�H�U�D�W�L�R�Q�D�O�� �S�H�U�V�S�H�F�W�L�Y�H���� �W�K�H�� �V�R�O�X�W�L�R�Q�� �V�W�D�Q�G�D�U�G�L�]�H�G�� �W�K�H�� �F�D�P�S�D�L�J�Q�� �S�U�H�S�D�U�D�W�L�R�Q��
�S�U�R�F�H�V�V���� �H�Q�V�X�U�L�Q�J�� �F�R�Q�V�L�V�W�H�Q�W�� �W�H�P�S�O�D�W�H�V���� �O�D�\�R�X�W�V���� �D�Q�G�� �Z�R�U�N�I�O�R�Z�V�� �D�F�U�R�V�V�� �E�R�W�K�� �J�H�Q�H�U�L�F��
�F�D�W�D�O�R�J�X�H�V���D�Q�G���S�H�U�V�R�Q�D�O�L�]�H�G���O�L�V�W�V�����7�K�L�V���S�U�R�F�H�V�V���R�I���L�P�S�U�R�Y�H�P�H�Q�W���U�H�G�X�F�H�G���Y�D�U�L�D�E�L�O�L�W�\���D�Q�G��
�L�P�S�U�R�Y�H�G�� �T�X�D�O�L�W�\���� �D�O�O�R�Z�L�Q�J�� �P�D�U�N�H�W�L�Q�J�� �W�H�D�P�V�� �W�R�� �I�R�F�X�V�� �P�R�U�H�� �R�Q�� �V�W�U�D�W�H�J�L�F�� �S�O�D�Q�Q�L�Q�J�� �D�Q�G��
�F�U�H�D�W�L�Y�H���F�D�P�S�D�L�J�Q���G�H�Y�H�O�R�S�P�H�Q�W�� 



 

 

�7�K�H�V�H�� �I�L�Q�G�L�Q�J�V�� �F�R�Q�I�L�U�P�� �S�U�L�R�U�� �U�H�V�H�D�U�F�K�� �G�H�P�R�Q�V�W�U�D�W�L�Q�J�� �W�K�H�� �D�G�Y�D�Q�W�D�J�H�V�� �R�I�� �G�D�W�D���G�U�L�Y�H�Q��
�S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���R�Y�H�U���J�H�Q�H�U�L�F���D�S�S�U�R�D�F�K�H�V���>���@�����>���@�����>���@���D�Q�G���H�[�W�H�Q�G���W�K�H���O�L�W�H�U�D�W�X�U�H���E�\���S�U�R�Y�L�G�L�Q�J��
�H�Y�L�G�H�Q�F�H���R�I���V�D�O�H�V���X�S�O�L�I�W���D�Q�G���E�H�K�D�Y�L�R�U�D�O���F�K�D�Q�J�H���L�Q���D���U�H�D�O���Z�R�U�O�G���J�U�R�F�H�U�\���U�H�W�D�L�O���H�Q�Y�L�U�R�Q�P�H�Q�W����
�%�\�� �V�K�R�Z�L�Q�J�� �W�K�D�W�� �S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�� �F�D�Q�� �E�R�W�K�� �L�Q�F�U�H�D�V�H�� �U�H�Y�H�Q�X�H�� �D�Q�G�� �V�W�D�Q�G�D�U�G�L�]�H�� �L�Q�W�H�U�Q�D�O��
�Z�R�U�N�I�O�R�Z�V���� �W�K�H���V�W�X�G�\�� �V�X�J�J�H�V�W�V���W�K�D�W���V�X�F�K�� �V�\�V�W�H�P�V�� �F�U�H�D�W�H���G�X�D�O���Y�D�O�X�H���� �H�Q�K�D�Q�F�H�G���F�X�V�W�R�P�H�U��
�R�X�W�F�R�P�H�V���D�Q�G���L�P�S�U�R�Y�H�G���R�S�H�U�D�W�L�R�Q�D�O���G�L�V�F�L�S�O�L�Q�H�� 
�3�U�L�Y�D�F�\���D�Q�G���G�D�W�D���S�U�R�W�H�F�W�L�R�Q���Z�H�U�H���I�X�O�O�\���P�D�Q�D�J�H�G���W�K�U�R�X�J�K���W�K�H���U�H�W�D�L�O�H�U�¶�V���O�R�\�D�O�W�\���S�U�R�J�U�D�P����
�Z�K�H�U�H�� �F�X�V�W�R�P�H�U�V�� �H�[�S�O�L�F�L�W�O�\�� �F�R�Q�V�H�Q�W�� �W�R�� �W�K�H�� �X�V�H�� �R�I�� �W�K�H�L�U�� �G�D�W�D�� �I�R�U�� �S�U�R�P�R�W�L�R�Q�D�O�� �S�X�U�S�R�V�H�V����
�1�H�Y�H�U�W�K�H�O�H�V�V���� �W�K�H�� �U�H�V�X�O�W�V�� �K�L�J�K�O�L�J�K�W�� �W�K�H�� �L�P�S�R�U�W�D�Q�F�H�� �R�I�� �W�U�D�Q�V�S�D�U�H�Q�W�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �D�Q�G��
�D�O�J�R�U�L�W�K�P�L�F���J�R�Y�H�U�Q�D�Q�F�H���W�R���P�D�L�Q�W�D�L�Q���F�X�V�W�R�P�H�U���W�U�X�V�W�����5�H�J�X�O�D�U���P�R�Q�L�W�R�U�L�Q�J���D�Q�G���E�L�D�V���G�H�W�H�F�W�L�R�Q��
�U�H�P�D�L�Q�� �H�V�V�H�Q�W�L�D�O�� �W�R�� �H�Q�V�X�U�H�� �W�K�D�W�� �S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�� �U�H�P�D�L�Q�V�� �I�D�L�U�� �D�Q�G�� �D�O�L�J�Q�H�G�� �Z�L�W�K�� �F�X�V�W�R�P�H�U��
�H�[�S�H�F�W�D�W�L�R�Q�V���>���@�����>�����@���� 
�7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �V�X�E�V�H�F�W�L�R�Q�V�� �H�O�D�E�R�U�D�W�H�� �R�Q�� �W�K�H�� �W�K�H�R�U�H�W�L�F�D�O�� �L�P�S�O�L�F�D�W�L�R�Q�V���� �P�D�Q�D�J�H�U�L�D�O��
�L�P�S�O�L�F�D�W�L�R�Q�V�����D�Q�G���G�L�U�H�F�W�L�R�Q�V���I�R�U���I�X�W�X�U�H���U�H�V�H�D�U�F�K�� 
 
���������7�K�H�R�U�H�W�L�F�D�O���L�P�S�O�L�F�D�W�L�R�Q�V 
�7�K�L�V���U�H�V�H�D�U�F�K���F�R�Q�W�U�L�E�X�W�H�V���W�R���W�K�H���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�V���O�L�W�H�U�D�W�X�U�H���E�\���S�U�R�Y�L�G�L�Q�J���H�P�S�L�U�L�F�D�O��
�H�Y�L�G�H�Q�F�H���W�K�D�W���K�\�E�U�L�G���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q���P�R�G�H�O�V���F�D�Q���G�H�O�L�Y�H�U���P�H�D�V�X�U�D�E�O�H���E�X�V�L�Q�H�V�V���L�P�S�D�F�W���L�Q��
�D�� �U�H�D�O���Z�R�U�O�G�� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�� �V�H�W�W�L�Q�J���� �:�K�L�O�H�� �K�\�E�U�L�G�� �U�H�F�R�P�P�H�Q�G�H�U�V�² �F�R�P�E�L�Q�L�Q�J��
�F�R�O�O�D�E�R�U�D�W�L�Y�H���I�L�O�W�H�U�L�Q�J���D�Q�G���F�R�Q�W�H�Q�W���E�D�V�H�G���P�H�W�K�R�G�V�² �K�D�Y�H���E�H�H�Q���Z�L�G�H�O�\���V�W�X�G�L�H�G���L�Q���W�K�H�R�U�\��
�>���@�����U�H�O�D�W�L�Y�H�O�\�� �I�H�Z�� �V�W�X�G�L�H�V���U�H�S�R�U�W�� �O�D�U�J�H���V�F�D�O�H�� �G�H�S�O�R�\�P�H�Q�W�V�� �W�K�D�W�� �T�X�D�Q�W�L�I�\�� �U�H�Y�H�Q�X�H�� �L�P�S�D�F�W��
�D�Q�G�� �E�H�K�D�Y�L�R�U�D�O�� �F�K�D�Q�J�H���� �7�K�H�� �R�E�V�H�U�Y�H�G�� �������� �V�D�O�H�V�� �X�S�O�L�I�W�� �D�Q�G�� �W�K�H�� �S�R�V�L�W�L�Y�H���� �H�[�S�R�V�X�U�H��
�G�H�S�H�Q�G�H�Q�W�� �J�U�R�Z�W�K�� �L�Q�� �V�K�R�S�S�L�Q�J�� �I�U�H�T�X�H�Q�F�\�� �D�Q�G���E�D�V�N�H�W�� �V�L�]�H�� �V�W�U�H�Q�J�W�K�H�Q�� �W�K�H�� �D�U�J�X�P�H�Q�W�� �W�K�D�W��
�K�\�E�U�L�G���P�R�G�H�O�V���D�U�H���Q�R�W���R�Q�O�\���H�I�I�H�F�W�L�Y�H���L�Q���R�Y�H�U�F�R�P�L�Q�J���F�R�O�G���V�W�D�U�W���S�U�R�E�O�H�P�V���E�X�W���D�O�V�R���F�D�S�D�E�O�H��
�R�I�� �G�U�L�Y�L�Q�J�� �V�X�V�W�D�L�Q�D�E�O�H�� �E�X�V�L�Q�H�V�V�� �R�X�W�F�R�P�H�V�� �Z�K�H�Q�� �D�S�S�O�L�H�G�� �W�R�� �K�L�J�K���I�U�H�T�X�H�Q�F�\�� �U�H�W�D�L�O��
�H�Q�Y�L�U�R�Q�P�H�Q�W�V�� 
�,�Q���D�G�G�L�W�L�R�Q�����W�K�H���V�W�X�G�\���D�G�Y�D�Q�F�H�V���W�K�H���G�H�V�L�J�Q���V�F�L�H�Q�F�H���S�H�U�V�S�H�F�W�L�Y�H���E�\���G�H�P�R�Q�V�W�U�D�W�L�Q�J���K�R�Z���(�5�3��
�G�D�W�D�����W�U�D�Q�V�D�F�W�L�R�Q���K�L�V�W�R�U�L�H�V�����D�Q�G���S�U�R�G�X�F�W���D�W�W�U�L�E�X�W�H�V���F�D�Q���E�H���L�Q�W�H�J�U�D�W�H�G���Z�L�W�K�L�Q���D���S�U�L�Y�D�W�H���F�O�R�X�G��
�D�U�F�K�L�W�H�F�W�X�U�H�� �W�R�� �V�D�W�L�V�I�\�� �E�R�W�K�� �I�X�Q�F�W�L�R�Q�D�O�� �U�H�T�X�L�U�H�P�H�Q�W�V�� ���D�F�F�X�U�D�F�\���� �V�F�D�O�D�E�L�O�L�W�\���� �D�Q�G�� �Q�R�Q��
�I�X�Q�F�W�L�R�Q�D�O���U�H�T�X�L�U�H�P�H�Q�W�V�����G�D�W�D���S�U�R�W�H�F�W�L�R�Q�����F�R�P�S�O�L�D�Q�F�H�����D�Q�G���R�S�H�U�D�W�L�R�Q�D�O���L�Q�W�H�J�U�D�W�L�R�Q�������7�K�H��
�S�U�R�S�R�V�H�G�� �D�U�F�K�L�W�H�F�W�X�U�H�� �V�H�U�Y�H�V�� �D�V�� �D�� �U�H�I�H�U�H�Q�F�H�� �G�H�V�L�J�Q�� �I�R�U�� �S�U�D�F�W�L�W�L�R�Q�H�U�V�� �D�Q�G�� �U�H�V�H�D�U�F�K�H�U�V����
�L�O�O�X�V�W�U�D�W�L�Q�J���K�R�Z���W�K�H�R�U�H�W�L�F�D�O�O�\���V�R�X�Q�G���U�H�F�R�P�P�H�Q�G�H�U���P�R�G�H�O�V���F�D�Q���E�H���R�S�H�U�D�W�L�R�Q�D�O�L�]�H�G���L�Q�W�R���D�Q��
�H�Q�W�H�U�S�U�L�V�H���J�U�D�G�H���� �S�U�L�Y�D�F�\���F�R�P�S�O�L�D�Q�W�� �V�\�V�W�H�P�� �W�K�D�W�� �J�H�Q�H�U�D�W�H�V�� �F�R�Q�V�L�V�W�H�Q�W���� �U�H�S�H�D�W�D�E�O�H��
�S�U�R�P�R�W�L�R�Q�D�O���F�R�Q�W�H�Q�W�� 
 
���������0�D�Q�D�J�H�U�L�D�O���L�P�S�O�L�F�D�W�L�R�Q�V 
�)�U�R�P�� �D�� �P�D�Q�D�J�H�U�L�D�O�� �S�H�U�V�S�H�F�W�L�Y�H���� �W�K�H�� �I�L�Q�G�L�Q�J�V�� �S�U�R�Y�L�G�H�� �D�� �F�R�P�S�H�O�O�L�Q�J�� �E�X�V�L�Q�H�V�V�� �F�D�V�H�� �I�R�U��
�L�Q�Y�H�V�W�L�Q�J���L�Q���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���W�H�F�K�Q�R�O�R�J�L�H�V�����7�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���V�\�V�W�H�P���V�W�D�Q�G�D�U�G�L�]�H�G��
�F�D�P�S�D�L�J�Q�� �S�U�H�S�D�U�D�W�L�R�Q���� �U�H�G�X�F�L�Q�J�� �Y�D�U�L�D�E�L�O�L�W�\�� �D�Q�G�� �P�D�Q�X�D�O�� �U�H�Z�R�U�N�� �Z�K�L�O�H�� �L�P�S�U�R�Y�L�Q�J�� �E�U�D�Q�G��
�F�R�Q�V�L�V�W�H�Q�F�\���� �7�K�L�V�� �S�U�R�F�H�V�V�� �L�P�S�U�R�Y�H�P�H�Q�W�� �D�O�O�R�Z�V�� �P�D�U�N�H�W�L�Q�J�� �W�H�D�P�V�� �W�R�� �R�S�H�U�D�W�H�� �P�R�U�H��
�H�I�I�L�F�L�H�Q�W�O�\���D�Q�G���V�K�L�I�W���W�K�H�L�U���I�R�F�X�V���W�R�Z�D�U�G���K�L�J�K�H�U���Y�D�O�X�H���D�F�W�L�Y�L�W�L�H�V���V�X�F�K���D�V���F�D�P�S�D�L�J�Q���G�H�V�L�J�Q����
�F�U�H�D�W�L�Y�H���F�R�Q�W�H�Q�W���G�H�Y�H�O�R�S�P�H�Q�W�����D�Q�G���V�W�U�D�W�H�J�L�F���S�O�D�Q�Q�L�Q�J�� 
�7�K�H�����������V�D�O�H�V���X�S�O�L�I�W���R�E�V�H�U�Y�H�G���G�X�U�L�Q�J���W�K�H���W�U�L�D�O���G�H�P�R�Q�V�W�U�D�W�H�V���W�K�D�W���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���G�L�U�H�F�W�O�\��
�F�R�Q�W�U�L�E�X�W�H�V���W�R���U�H�Y�H�Q�X�H���J�U�R�Z�W�K�����P�D�N�L�Q�J���L�W���D���K�L�J�K���L�P�S�D�F�W���L�Q�L�W�L�D�W�L�Y�H���I�R�U���U�H�W�D�L�O�H�U�V���V�H�H�N�L�Q�J���W�R��
�L�P�S�U�R�Y�H�� �U�H�W�X�U�Q�� �R�Q�� �P�D�U�N�H�W�L�Q�J���H�[�S�H�Q�V�H�V���� �7�K�H�� �S�R�V�L�W�L�Y�H�� �F�R�U�U�H�O�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �U�H�S�H�D�W�H�G��
�H�[�S�R�V�X�U�H�� �W�R�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �R�I�I�H�U�V�� �D�Q�G�� �L�Q�F�U�H�D�V�H�G�� �V�K�R�S�S�L�Q�J�� �I�U�H�T�X�H�Q�F�\�� �����±���������� �I�X�U�W�K�H�U��
�L�Q�G�L�F�D�W�H�V���W�K�D�W���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���F�D�Q���I�R�V�W�H�U���O�R�Q�J�H�U���W�H�U�P���H�Q�J�D�J�H�P�H�Q�W���D�Q�G���V�W�U�H�Q�J�W�K�H�Q���F�X�V�W�R�P�H�U��
�O�R�\�D�O�W�\���R�Y�H�U���W�L�P�H�� 



 

 

�7�R�� �I�X�O�O�\�� �F�D�S�W�X�U�H�� �W�K�H�V�H�� �E�H�Q�H�I�L�W�V���� �P�D�Q�D�J�H�U�V�� �P�X�V�W�� �D�O�V�R�� �S�U�L�R�U�L�W�L�]�H�� �F�X�V�W�R�P�H�U�� �W�U�X�V�W�� �D�Q�G��
�W�U�D�Q�V�S�D�U�H�Q�F�\�����$�O�W�K�R�X�J�K�� �S�U�L�Y�D�F�\�� �L�V�� �D�O�U�H�D�G�\�� �P�D�Q�D�J�H�G�� �W�K�U�R�X�J�K�� �W�K�H�� �O�R�\�D�O�W�\�� �S�U�R�J�U�D�P���� �L�W�� �L�V��
�H�V�V�H�Q�W�L�D�O���W�R���F�R�P�P�X�Q�L�F�D�W�H���F�O�H�D�U�O�\���K�R�Z���F�X�V�W�R�P�H�U���G�D�W�D���L�V���X�V�H�G���D�Q�G���V�D�I�H�J�X�D�U�G�H�G�����7�U�D�Q�V�S�D�U�H�Q�W��
�P�H�V�V�D�J�L�Q�J���K�H�O�S�V���P�D�L�Q�W�D�L�Q���F�R�Q�I�L�G�H�Q�F�H���L�Q���W�K�H���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���V�H�U�Y�L�F�H���D�Q�G���H�Q�V�X�U�H�V���F�R�Q�W�L�Q�X�H�G��
�F�X�V�W�R�P�H�U���S�D�U�W�L�F�L�S�D�W�L�R�Q�� 
�)�L�Q�D�O�O�\���� �D�O�J�R�U�L�W�K�P�L�F�� �J�R�Y�H�U�Q�D�Q�F�H�� �L�V�� �F�U�L�W�L�F�D�O���� �:�L�W�K�R�X�W�� �S�U�R�S�H�U�� �R�Y�H�U�V�L�J�K�W���� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q��
�P�R�G�H�O�V���P�D�\���X�Q�L�Q�W�H�Q�W�L�R�Q�D�O�O�\���I�D�Y�R�U���K�L�J�K���P�D�U�J�L�Q���S�U�R�G�X�F�W�V���R�U���F�U�H�D�W�H���U�H�S�H�W�L�W�L�Y�H���S�D�W�W�H�U�Q�V���W�K�D�W��
�U�H�G�X�F�H�� �F�X�V�W�R�P�H�U�� �V�D�W�L�V�I�D�F�W�L�R�Q���� �(�V�W�D�E�O�L�V�K�L�Q�J�� �U�H�J�X�O�D�U�� �D�X�G�L�W�V���� �E�L�D�V�� �G�H�W�H�F�W�L�R�Q�� �S�U�R�F�H�V�V�H�V���� �D�Q�G��
�H�W�K�L�F�D�O���J�X�L�G�H�O�L�Q�H�V���I�R�U���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���V�W�U�D�W�H�J�L�H�V���Z�L�O�O���E�H���H�V�V�H�Q�W�L�D�O���I�R�U���V�X�V�W�D�L�Q�L�Q�J���W�U�X�V�W���D�Q�G��
�H�Q�V�X�U�L�Q�J���W�K�H���V�\�V�W�H�P���U�H�P�D�L�Q�V���D�O�L�J�Q�H�G���Z�L�W�K���E�R�W�K���F�X�V�W�R�P�H�U���Q�H�H�G�V���D�Q�G���E�X�V�L�Q�H�V�V���J�R�D�O�V�� 
 
���������/�L�P�L�W�D�W�L�R�Q�V���D�Q�G���)�X�W�X�U�H���5�H�V�H�D�U�F�K 
�6�H�Y�H�U�D�O�� �O�L�P�L�W�D�W�L�R�Q�V�� �R�I�� �W�K�L�V�� �V�W�X�G�\�� �P�X�V�W�� �E�H�� �D�F�N�Q�R�Z�O�H�G�J�H�G���� �)�L�U�V�W���� �W�K�H�� �H�Y�D�O�X�D�W�L�R�Q�� �Z�D�V��
�F�R�Q�G�X�F�W�H�G�� �Z�L�W�K�� �D�� �V�L�Q�J�O�H�� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�H�U���� �Z�K�L�F�K�� �P�D�\�� �O�L�P�L�W�� �W�K�H�� �J�H�Q�H�U�D�O�L�]�D�E�L�O�L�W�\�� �R�I�� �W�K�H��
�I�L�Q�G�L�Q�J�V�� �W�R�� �R�W�K�H�U�� �U�H�W�D�L�O�� �I�R�U�P�D�W�V�� �V�X�F�K�� �D�V�� �D�S�S�D�U�H�O���� �H�O�H�F�W�U�R�Q�L�F�V���� �R�U�� �V�S�H�F�L�D�O�W�\�� �J�R�R�G�V���� �)�X�W�X�U�H��
�U�H�V�H�D�U�F�K�� �V�K�R�X�O�G�� �U�H�S�O�L�F�D�W�H�� �W�K�L�V�� �D�S�S�U�R�D�F�K�� �D�F�U�R�V�V�� �G�L�I�I�H�U�H�Q�W�� �U�H�W�D�L�O�� �V�H�F�W�R�U�V�� �W�R�� �W�H�V�W�� �L�W�V��
�W�U�D�Q�V�I�H�U�D�E�L�O�L�W�\�� �D�Q�G�� �H�[�S�O�R�U�H�� �Z�K�H�W�K�H�U�� �V�L�P�L�O�D�U�� �S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�� �H�I�I�H�F�W�V�� �R�F�F�X�U�� �L�Q�� �O�R�Z�H�U��
�I�U�H�T�X�H�Q�F�\���R�U���K�L�J�K�H�U���P�D�U�J�L�Q���S�X�U�F�K�D�V�H���H�Q�Y�L�U�R�Q�P�H�Q�W�V�� 
�6�H�F�R�Q�G�����W�K�H���H�Y�D�O�X�D�W�L�R�Q���S�H�U�L�R�G���R�I���������Z�H�H�N�V���F�R�Q�V�W�U�D�L�Q�H�G���W�K�H���D�E�L�O�L�W�\���W�R���R�E�V�H�U�Y�H���O�R�Q�J���W�H�U�P��
�L�P�S�D�F�W�V�� �V�X�F�K�� �D�V�� �V�X�V�W�D�L�Q�H�G�� �O�R�\�D�O�W�\���� �V�H�D�V�R�Q�D�O�L�W�\�� �H�I�I�H�F�W�V���� �D�Q�G�� �F�X�V�W�R�P�H�U�� �O�L�I�H�W�L�P�H�� �Y�D�O�X�H����
�(�[�W�H�Q�G�L�Q�J���W�K�H���G�X�U�D�W�L�R�Q���R�I���I�X�W�X�U�H���H�[�S�H�U�L�P�H�Q�W�V���Z�R�X�O�G���S�U�R�Y�L�G�H���G�H�H�S�H�U���L�Q�V�L�J�K�W�V���L�Q�W�R���Z�K�H�W�K�H�U��
�W�K�H���R�E�V�H�U�Y�H�G���V�D�O�H�V���X�S�O�L�I�W���D�Q�G���L�Q�F�U�H�D�V�H�G���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�U�H���P�D�L�Q�W�D�L�Q�H�G���R�Y�H�U���W�L�P�H�� 
�7�K�L�U�G�����Z�K�L�O�H���W�K�L�V���V�W�X�G�\���U�H�O�L�H�G���H�Q�W�L�U�H�O�\���R�Q���E�H�K�D�Y�L�R�U�D�O���G�D�W�D���U�D�W�K�H�U���W�K�D�Q���V�H�O�I���U�H�S�R�U�W�H�G���V�X�U�Y�H�\��
�P�H�D�V�X�U�H�V�����V�W�U�H�Q�J�W�K�H�Q�L�Q�J���R�E�M�H�F�W�L�Y�L�W�\�����L�W���G�L�G���Q�R�W���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���S�V�\�F�K�R�O�R�J�L�F�D�O���P�H�F�K�D�Q�L�V�P�V��
�G�U�L�Y�L�Q�J�� �W�K�H�� �R�E�V�H�U�Y�H�G�� �E�H�K�D�Y�L�R�U�D�O�� �F�K�D�Q�J�H�V�� ���H���J������ �S�H�U�F�H�L�Y�H�G�� �U�H�O�H�Y�D�Q�F�H���� �K�D�E�L�W�� �I�R�U�P�D�W�L�R�Q������
�)�X�W�X�U�H�� �U�H�V�H�D�U�F�K�� �F�R�X�O�G�� �F�R�P�S�O�H�P�H�Q�W�� �E�H�K�D�Y�L�R�U�D�O�� �D�Q�D�O�\�V�L�V�� �Z�L�W�K�� �F�X�V�W�R�P�H�U�� �L�Q�W�H�U�Y�L�H�Z�V�� �R�U��
�H�[�S�H�U�L�P�H�Q�W�V���G�H�V�L�J�Q�H�G���W�R���P�H�D�V�X�U�H���P�R�W�L�Y�D�W�L�R�Q�D�O���I�D�F�W�R�U�V���D�Q�G���D�W�W�L�W�X�G�L�Q�D�O���V�K�L�I�W�V�� 
�)�L�Q�D�O�O�\�����Z�K�L�O�H���S�U�L�Y�D�F�\���D�Q�G���G�D�W�D���S�U�R�W�H�F�W�L�R�Q���D�U�H���I�X�O�O�\���P�D�Q�D�J�H�G���W�K�U�R�X�J�K���W�K�H���U�H�W�D�L�O�H�U�¶�V���O�R�\�D�O�W�\��
�S�U�R�J�U�D�P���� �Z�K�H�U�H�� �F�X�V�W�R�P�H�U�V�� �H�[�S�O�L�F�L�W�O�\�� �F�R�Q�V�H�Q�W�� �W�R�� �W�K�H�� �X�V�H�� �R�I�� �W�K�H�L�U�� �S�H�U�V�R�Q�D�O�� �G�D�W�D�� �I�R�U��
�S�U�R�P�R�W�L�R�Q�D�O�� �S�X�U�S�R�V�H�V���� �I�X�W�X�U�H�� �Z�R�U�N�� �F�R�X�O�G�� �H�[�D�P�L�Q�H�� �D�G�G�L�W�L�R�Q�D�O�� �V�W�U�D�W�H�J�L�H�V�� �I�R�U�� �U�H�L�Q�I�R�U�F�L�Q�J��
�W�U�X�V�W�����)�R�U���H�[�D�P�S�O�H�����U�H�V�H�D�U�F�K���F�R�X�O�G���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���L�P�S�D�F�W���R�I���W�U�D�Q�V�S�D�U�H�Q�F�\���G�D�V�K�E�R�D�U�G�V�����R�S�W��
�R�X�W�� �F�R�Q�W�U�R�O�V���� �D�Q�G�� �S�U�L�Y�D�F�\���S�U�H�V�H�U�Y�L�Q�J�� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J�� �W�H�F�K�Q�L�T�X�H�V�� �V�X�F�K�� �D�V�� �I�H�G�H�U�D�W�H�G��
�O�H�D�U�Q�L�Q�J���R�Q���F�X�V�W�R�P�H�U���D�F�F�H�S�W�D�Q�F�H���D�Q�G���S�H�U�F�H�L�Y�H�G���I�D�L�U�Q�H�V�V���R�I���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�� 
�%�\���D�G�G�U�H�V�V�L�Q�J���W�K�H�V�H���D�U�H�D�V�����I�X�W�X�U�H���V�W�X�G�L�H�V���F�R�X�O�G���G�H�H�S�H�Q���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���E�R�W�K���W�K�H���V�K�R�U�W����
�D�Q�G���O�R�Q�J���W�H�U�P���H�I�I�H�F�W�V���R�I���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���D�Q�G���S�U�R�Y�L�G�H���I�X�U�W�K�H�U���J�X�L�G�D�Q�F�H���I�R�U���U�H�W�D�L�O�H�U�V���V�H�H�N�L�Q�J��
�W�R���L�P�S�O�H�P�H�Q�W���H�W�K�L�F�D�O�O�\���U�H�V�S�R�Q�V�L�E�O�H���D�Q�G���F�X�V�W�R�P�H�U���F�H�Q�W�U�L�F���$�,���V�R�O�X�W�L�R�Q�V���� 

�����&�R�Q�F�O�X�V�L�R�Q 
�7�K�L�V�� �V�W�X�G�\�� �V�H�W���R�X�W�� �W�R�� �D�G�G�U�H�V�V�� �W�K�H�� �O�L�P�L�W�D�W�L�R�Q�V�� �R�I�� �J�H�Q�H�U�L�F���� �X�Q�G�L�I�I�H�U�H�Q�W�L�D�W�H�G���S�U�R�P�R�W�L�R�Q�V�� �L�Q��
�J�U�R�F�H�U�\���U�H�W�D�L�O���D�Q�G���W�R���H�[�S�O�R�U�H���K�R�Z���F�O�R�X�G���F�R�P�S�X�W�L�Q�J���D�Q�G���D�U�W�L�I�L�F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H�����$�,�����F�D�Q���E�H��
�O�H�Y�H�U�D�J�H�G���W�R���J�H�Q�H�U�D�W�H���S�H�U�V�R�Q�D�O�L�]�H�G���S�U�R�P�R�W�L�R�Q�D�O���R�I�I�H�U�V�����%�\���G�H�V�L�J�Q�L�Q�J�����L�P�S�O�H�P�H�Q�W�L�Q�J�����D�Q�G��
�H�Y�D�O�X�D�W�L�Q�J�� �D�� �U�H�F�R�P�P�H�Q�G�H�U�� �V�\�V�W�H�P���� �W�K�H�� �U�H�V�H�D�U�F�K�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�D�W�� �S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q�� �F�D�Q��
�P�H�D�Q�L�Q�J�I�X�O�O�\���W�U�D�Q�V�I�R�U�P���W�K�H���U�H�W�D�L�O�H�U�¶�V���S�U�R�P�R�W�L�R�Q�D�O���V�W�U�D�W�H�J�\���I�U�R�P���D���V�W�D�W�L�F���Z�H�H�N�O�\���F�D�W�D�O�R�J�X�H��
�L�Q�W�R���D���F�X�V�W�R�P�H�U���F�H�Q�W�U�L�F�����G�D�W�D���G�U�L�Y�H�Q���V�H�U�Y�L�F�H�� 
�7�K�H���U�H�V�X�O�W�V���V�K�R�Z���W�K�D�W�����I�U�R�P���D���Z�H�H�N�O�\���F�D�W�D�O�R�J�X�H���R�I���P�R�U�H���W�K�D�Q�����������G�L�V�F�R�X�Q�W�H�G���S�U�R�G�X�F�W�V����
�W�K�H�� �V�\�V�W�H�P�� �V�X�F�F�H�V�V�I�X�O�O�\�� �J�H�Q�H�U�D�W�H�G�� �W�D�L�O�R�U���P�D�G�H�� �O�L�V�W�V�� �R�I�� ���±������ �S�U�R�P�R�W�L�R�Q�V�� �S�H�U�� �F�X�V�W�R�P�H�U����
�G�H�O�L�Y�H�U�H�G�� �W�K�U�R�X�J�K�� �H�P�D�L�O���� �P�R�E�L�O�H�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �D�Q�G�� �S�U�L�Q�W���U�H�D�G�\�� �I�O�\�H�U�V���� �&�X�V�W�R�P�H�U�V�� �Z�K�R��
�U�H�F�H�L�Y�H�G���S�H�U�V�R�Q�D�O�L�]�H�G���R�I�I�H�U�V���J�H�Q�H�U�D�W�H�G�����������K�L�J�K�H�U���V�D�O�H�V���F�R�P�S�D�U�H�G���Z�L�W�K���W�K�H���F�R�Q�W�U�R�O���J�U�R�X�S��
�D�Q�G���H�[�K�L�E�L�W�H�G���D���S�R�V�L�W�L�Y�H�����H�[�S�R�V�X�U�H���G�H�S�H�Q�G�H�Q�W���L�Q�F�U�H�D�V�H���L�Q���V�K�R�S�S�L�Q�J���I�U�H�T�X�H�Q�F�\���D�Q�G���E�D�V�N�H�W��



 

 

�V�L�]�H���U�D�Q�J�L�Q�J���I�U�R�P���������W�R�������������2�Q���W�K�H���R�S�H�U�D�W�L�R�Q�D�O���V�L�G�H�����F�D�P�S�D�L�J�Q���S�U�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V�H�V��
�Z�H�U�H���V�W�D�Q�G�D�U�G�L�]�H�G���D�Q�G���V�W�U�H�D�P�O�L�Q�H�G�����L�P�S�U�R�Y�L�Q�J���F�R�Q�V�L�V�W�H�Q�F�\���D�Q�G���H�Q�D�E�O�L�Q�J���P�D�U�N�H�W�L�Q�J���W�H�D�P�V��
�W�R���I�R�F�X�V���R�Q���F�U�H�D�W�L�Y�H���D�Q�G���V�W�U�D�W�H�J�L�F���W�D�V�N�V���U�D�W�K�H�U���W�K�D�Q���P�D�Q�X�D�O���F�R�P�S�L�O�D�W�L�R�Q�� 
�7�K�L�V���U�H�V�H�D�U�F�K���P�D�N�H�V���V�H�Y�H�U�D�O���F�R�Q�W�U�L�E�X�W�L�R�Q�V�����7�K�H�R�U�H�W�L�F�D�O�O�\�����L�W���Y�D�O�L�G�D�W�H�V���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I��
�K�\�E�U�L�G���U�H�F�R�P�P�H�Q�G�H�U���P�R�G�H�O�V���W�K�D�W���F�R�P�E�L�Q�H���F�R�O�O�D�E�R�U�D�W�L�Y�H���D�Q�G���F�R�Q�W�H�Q�W���E�D�V�H�G���I�L�O�W�H�U�L�Q�J���L�Q���D��
�U�H�D�O���Z�R�U�O�G�� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�� �V�H�W�W�L�Q�J���� �G�H�P�R�Q�V�W�U�D�W�L�Q�J�� �W�K�H�L�U�� �D�E�L�O�L�W�\�� �W�R�� �G�H�O�L�Y�H�U�� �P�H�D�V�X�U�D�E�O�H��
�E�X�V�L�Q�H�V�V�� �R�X�W�F�R�P�H�V���� �0�H�W�K�R�G�R�O�R�J�L�F�D�O�O�\���� �L�W�� �V�K�R�Z�V�� �K�R�Z�� �D�� �G�H�V�L�J�Q�� �V�F�L�H�Q�F�H�� �D�S�S�U�R�D�F�K�� �F�D�Q��
�L�Q�W�H�J�U�D�W�H���(�5�3�����W�U�D�Q�V�D�F�W�L�R�Q�����D�Q�G���S�U�R�G�X�F�W���G�D�W�D���Z�L�W�K�L�Q���D���S�U�L�Y�D�W�H���F�O�R�X�G���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���Z�K�L�O�H��
�P�D�L�Q�W�D�L�Q�L�Q�J�� �F�R�P�S�O�L�D�Q�F�H�� �Z�L�W�K�� �S�U�L�Y�D�F�\�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �W�K�U�R�X�J�K�� �O�R�\�D�O�W�\�� �S�U�R�J�U�D�P�� �F�R�Q�V�H�Q�W����
�3�U�D�F�W�L�F�D�O�O�\���� �L�W�� �R�I�I�H�U�V�� �D�� �U�H�I�H�U�H�Q�F�H�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �W�K�D�W�� �G�H�P�R�Q�V�W�U�D�W�H�V�� �K�R�Z�� �U�H�W�D�L�O�H�U�V�� �F�D�Q��
�D�F�K�L�H�Y�H�� �G�X�D�O�� �E�H�Q�H�I�L�W�V���� �P�H�D�V�X�U�D�E�O�H�� �U�H�Y�H�Q�X�H�� �J�U�R�Z�W�K�� �D�Q�G�� �L�P�S�U�R�Y�H�G�� �L�Q�W�H�U�Q�D�O�� �S�U�R�F�H�V�V��
�H�I�I�L�F�L�H�Q�F�\�� 
�$�W�� �W�K�H�� �V�D�P�H�� �W�L�P�H���� �W�K�H�� �V�W�X�G�\�� �K�L�J�K�O�L�J�K�W�V�� �R�Q�J�R�L�Q�J�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�V�� �I�R�U�� �U�H�V�S�R�Q�V�L�E�O�H�� �$�,��
�G�H�S�O�R�\�P�H�Q�W�����:�K�L�O�H���S�U�L�Y�D�F�\���L�V���I�R�U�P�D�O�O�\���P�D�Q�D�J�H�G���W�K�U�R�X�J�K���W�K�H���U�H�W�D�L�O�H�U�¶�V���O�R�\�D�O�W�\���S�U�R�J�U�D�P����
�W�U�D�Q�V�S�D�U�H�Q�W���F�R�P�P�X�Q�L�F�D�W�L�R�Q���D�E�R�X�W���G�D�W�D���X�V�D�J�H���U�H�P�D�L�Q�V���H�V�V�H�Q�W�L�D�O���W�R���P�D�L�Q�W�D�L�Q�L�Q�J���F�X�V�W�R�P�H�U��
�W�U�X�V�W���� �)�X�U�W�K�H�U�P�R�U�H���� �U�H�J�X�O�D�U���P�R�Q�L�W�R�U�L�Q�J�� �D�Q�G���E�L�D�V���G�H�W�H�F�W�L�R�Q���V�K�R�X�O�G���E�H�� �L�Q�V�W�L�W�X�W�L�R�Q�D�O�L�]�H�G���W�R��
�H�Q�V�X�U�H���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���U�H�P�D�L�Q���I�D�L�U�����U�H�O�H�Y�D�Q�W�����D�Q�G���D�O�L�J�Q�H�G���Z�L�W�K���F�X�V�W�R�P�H�U���H�[�S�H�F�W�D�W�L�R�Q�V�� 
�/�R�R�N�L�Q�J�� �D�K�H�D�G���� �I�X�W�X�U�H�� �U�H�V�H�D�U�F�K�� �V�K�R�X�O�G�� �U�H�S�O�L�F�D�W�H�� �W�K�H�V�H�� �I�L�Q�G�L�Q�J�V�� �D�F�U�R�V�V�� �G�L�Y�H�U�V�H�� �U�H�W�D�L�O��
�F�R�Q�W�H�[�W�V�����H�[�W�H�Q�G���W�K�H���H�Y�D�O�X�D�W�L�R�Q���S�H�U�L�R�G���W�R���F�D�S�W�X�U�H���V�H�D�V�R�Q�D�O���H�I�I�H�F�W�V���D�Q�G���O�R�Q�J���W�H�U�P���O�R�\�D�O�W�\��
�L�P�S�D�F�W�V�����D�Q�G���H�[�S�O�R�U�H���D�G�Y�D�Q�F�H�G���S�U�L�Y�D�F�\���S�U�H�V�H�U�Y�L�Q�J���W�H�F�K�Q�L�T�X�H�V���V�X�F�K���D�V���I�H�G�H�U�D�W�H�G���O�H�D�U�Q�L�Q�J��
�R�U�� �G�L�I�I�H�U�H�Q�W�L�D�O�� �S�U�L�Y�D�F�\���� �6�X�F�K�� �H�I�I�R�U�W�V�� �Z�R�X�O�G�� �I�X�U�W�K�H�U�� �V�W�U�H�Q�J�W�K�H�Q�� �W�K�H�� �F�D�V�H�� �I�R�U�� �V�F�D�O�D�E�O�H����
�H�W�K�L�F�D�O�O�\���V�R�X�Q�G���S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���V�\�V�W�H�P�V�� 
�,�Q���F�R�Q�F�O�X�V�L�R�Q�����W�K�L�V���U�H�V�H�D�U�F�K���G�H�P�R�Q�V�W�U�D�W�H�V���W�K�D�W���F�O�R�X�G���E�D�V�H�G���$�,���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�V���F�D�Q��
�W�U�D�Q�V�I�R�U�P�� �J�U�R�F�H�U�\�� �U�H�W�D�L�O�� �P�D�U�N�H�W�L�Q�J�� �E�\�� �G�H�O�L�Y�H�U�L�Q�J�� �P�H�D�V�X�U�D�E�O�H�� �L�P�S�U�R�Y�H�P�H�Q�W�V�� �L�Q�� �V�D�O�H�V����
�F�X�V�W�R�P�H�U���H�Q�J�D�J�H�P�H�Q�W�����D�Q�G���S�U�R�F�H�V�V���H�I�I�L�F�L�H�Q�F�\�����7�K�H�L�U���I�X�O�O���S�R�W�H�Q�W�L�D�O���Z�L�O�O���E�H���U�H�D�O�L�]�H�G���Z�K�H�Q��
�W�H�F�K�Q�R�O�R�J�L�F�D�O���L�Q�Q�R�Y�D�W�L�R�Q���L�V���P�D�W�F�K�H�G���Z�L�W�K���U�R�E�X�V�W���J�R�Y�H�U�Q�D�Q�F�H�����W�U�D�Q�V�S�D�U�H�Q�F�\�����D�Q�G���V�X�V�W�D�L�Q�H�G��
�F�R�P�P�L�W�P�H�Q�W���W�R���F�X�V�W�R�P�H�U���W�U�X�V�W�� 
 

�����5�H�I�H�U�H�Q�F�H�V 
[1]  �$�J�X�L�O�D�U���%�D�U�U�L�H�Q�W�R�V�����6���������������������3�U�L�F�L�Q�J���D�Q�G���S�U�R�P�R�W�L�R�Q�����$���O�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z�����$�L�E�L��

�5�H�Y�L�V�W�D���'�H���,�Q�Y�H�V�W�L�J�D�F�L�y�Q�����$�G�P�L�Q�L�V�W�U�D�F�L�y�Q���H���,�Q�J�H�Q�L�H�U�t�D����
�K�W�W�S�V�������G�R�L���R�U�J�����������������������������������;������������ 

[2]  �*�U�H�Z�D�O�����'���������������������,�Q�Q�R�Y�D�W�L�R�Q�V���L�Q���5�H�W�D�L�O���3�U�L�F�L�Q�J���D�Q�G���3�U�R�P�R�W�L�R�Q�V�����-�R�X�U�Q�D�O���R�I��
�5�H�W�D�L�O�L�Q�J�����K�W�W�S�V�������G�R�L���R�U�J�������������������-���-�5�(�7�$�,������������������������ 

[3]  �/�y�S�H�]���(�F�K�H�Y�H�U�U�\�����$���0�������9�H�O�i�V�T�X�H�]���,�V�D�]�D�����-���0�������/�y�S�H�]���)�O�y�U�H�]�����6�������'�H���O�D���3�U�L�H�W�D�����)����
�����������������$�,���%�D�V�H�G���5�H�F�R�P�P�H�Q�G�D�W�L�R�Q���6�\�V�W�H�P���I�R�U���W�K�H���5�H�W�D�L�O���,�Q�G�X�V�W�U�\�����,�Q�����1�R�Y�D�L�V�����3�������H�W��
�D�O�����$�P�E�L�H�Q�W���,�Q�W�H�O�O�L�J�H�Q�F�H���±���6�R�I�W�Z�D�U�H���D�Q�G���$�S�S�O�L�F�D�W�L�R�Q�V���±�������W�K���,�Q�W�H�U�Q�D�W�L�R�Q�D�O��
�6�\�P�S�R�V�L�X�P���R�Q���$�P�E�L�H�Q�W���,�Q�W�H�O�O�L�J�H�Q�F�H�����,�6�$�P�,���������������/�H�F�W�X�U�H���1�R�W�H�V���L�Q���1�H�W�Z�R�U�N�V���D�Q�G��
�6�\�V�W�H�P�V�����Y�R�O���������������6�S�U�L�Q�J�H�U�����&�K�D�P�����K�W�W�S�V�������G�R�L���R�U�J�����������������������������������������������������B���� 

[4]  �'�D�E�L�M�D�����'�&�������&�k�P�S�L�D�Q�����9�������3�K�L�O�L�S�S�����%�����H�W���D�O�����+�R�Z���G�L�G���F�R�Q�V�X�P�H�U�V���U�H�W�D�L�O���S�X�U�F�K�D�V�L�Q�J��
�H�[�S�H�F�W�D�W�L�R�Q�V���D�Q�G���E�H�K�D�Y�L�R�X�U���V�Z�L�W�F�K���G�X�H���W�R���W�K�H���&�2�9�,�'���������S�D�Q�G�H�P�L�F�"�����-���0�D�U�N�H�W���$�Q�D�O��
�����������������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������������������������ 

[5]  �5�����$�J�U�D�Z�D�O�����7�����,�P�L�H�O�L���V�N�L�����D�Q�G���$�����6�Z�D�P�L�����³�0�L�Q�L�Q�J���D�V�V�R�F�L�D�W�L�R�Q���U�X�O�H�V���E�H�W�Z�H�H�Q���V�H�W�V���R�I��
�L�W�H�P�V���L�Q���O�D�U�J�H���G�D�W�D�E�D�V�H�V���´���3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������������$�&�0���6�,�*�0�2�'���,�Q�W�H�U�Q�D�W�L�R�Q�D�O��
�&�R�Q�I�H�U�H�Q�F�H���R�Q���0�D�Q�D�J�H�P�H�Q�W���R�I���'�D�W�D�����S�S�����������±����������������������
�K�W�W�S�V�������G�R�L���R�U�J���������������������������������������������� 

[6]  �'�����/�����2�O�V�R�Q���D�Q�G���*�����/�D�X�K�R�I�I�����0�D�U�N�H�W���%�D�V�N�H�W���$�Q�D�O�\�V�L�V�����,�Q���'�H�V�F�U�L�S�W�L�Y�H���'�D�W�D���0�L�Q�L�Q�J����
�S�S���������±���������6�S�U�L�Q�J�H�U�����������������K�W�W�S�V�������G�R�L���R�U�J�����������������������������������������������������B���� 

https://doi.org/10.15649/2346030X.2587
https://doi.org/10.1016/J.JRETAI.2011.04.008
https://doi.org/10.1007/978-3-031-83117-1_6
https://doi.org/10.1057/s41270-024-00344-9
https://doi.org/10.1145/170035.170072
https://doi.org/10.1007/978-981-13-7181-3_3


 

 

[7]  �;�����6�X���D�Q�G���7�����0�����.�K�R�V�K�J�R�I�W�D�D�U�����³�$���V�X�U�Y�H�\���R�I���F�R�O�O�D�E�R�U�D�W�L�Y�H���I�L�O�W�H�U�L�Q�J���W�H�F�K�Q�L�T�X�H�V���´��
�$�G�Y�D�Q�F�H�V���L�Q���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H�����Y�R�O�����������������$�U�W�L�F�O�H���,�'������������������������������
�K�W�W�S�V�������G�R�L���R�U�J������������������������������������������ 

[8]  �5�����%�X�U�N�H�����³�+�\�E�U�L�G���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�V�����6�X�U�Y�H�\���D�Q�G���H�[�S�H�U�L�P�H�Q�W�V���´���8�V�H�U���0�R�G�H�O�L�Q�J��
�D�Q�G���8�V�H�U���$�G�D�S�W�H�G���,�Q�W�H�U�D�F�W�L�R�Q�����Y�R�O�������������Q�R�����������S�S�����������±����������������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������$������������������������������ 

[9]  �6�����=�K�D�Q�J�����/�����<�D�R�����$�����6�X�Q�����D�Q�G���<�����7�D�\�����³�'�H�H�S���O�H�D�U�Q�L�Q�J���E�D�V�H�G���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P�����$��
�V�X�U�Y�H�\���D�Q�G���Q�H�Z���S�H�U�V�S�H�F�W�L�Y�H�V���´���$�&�0���&�R�P�S�X�W�L�Q�J���6�X�U�Y�H�\�V�����Y�R�O�������������Q�R�����������S�S�������±��������
�������������K�W�W�S�V�������G�R�L���R�U�J���������������������������������� 

[10]  �&�����+�����3�D�U�N�����<�����+�����3�D�U�N�����D�Q�G���'�����$�����6�F�K�Z�H�L�G�H�O�����³�7�K�H���H�I�I�H�F�W�V���R�I���P�R�E�L�O�H���S�U�R�P�R�W�L�R�Q�V���R�Q��
�F�X�V�W�R�P�H�U���S�X�U�F�K�D�V�H���G�\�Q�D�P�L�F�V���´���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���-�R�X�U�Q�D�O���R�I���5�H�V�H�D�U�F�K���L�Q���0�D�U�N�H�W�L�Q�J����
�Y�R�O�������������Q�R�����������S�S�����������±�����������������������K�W�W�S�V�������G�R�L���R�U�J�������������������M���L�M�U�H�V�P�D�U�������������������������� 

[11]  �-�����.�L�P�����,�����&�K�R�L�����D�Q�G���4�����/�L�����³�&�X�V�W�R�P�H�U���V�D�W�L�V�I�D�F�W�L�R�Q���R�I���U�H�F�R�P�P�H�Q�G�H�U���V�\�V�W�H�P����
�(�[�D�P�L�Q�L�Q�J���D�F�F�X�U�D�F�\���D�Q�G���G�L�Y�H�U�V�L�W�\���L�Q���V�H�Y�H�U�D�O���W�\�S�H�V���R�I���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q��
�D�S�S�U�R�D�F�K�H�V���´���6�X�V�W�D�L�Q�D�E�L�O�L�W�\�����Y�R�O�������������Q�R������������������������������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������V�X������������������ 

[12]  �1�����+�D�V�V�D�Q�����0�����$�E�G�H�O�U�D�R�X�I�����D�Q�G���'�����(�O���6�K�L�K�\�����³�7�K�H���P�R�G�H�U�D�W�L�Q�J���U�R�O�H���R�I���S�H�U�V�R�Q�D�O�L�]�H�G��
�U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���L�Q���W�K�H���W�U�X�V�W�±�V�D�W�L�V�I�D�F�W�L�R�Q�±�O�R�\�D�O�W�\���U�H�O�D�W�L�R�Q�V�K�L�S�����$�Q���H�P�S�L�U�L�F�D�O���V�W�X�G�\��
�R�I���$�,���G�U�L�Y�H�Q���H���F�R�P�P�H�U�F�H���´���)�X�W�X�U�H���%�X�V�L�Q�H�V�V���-�R�X�U�Q�D�O�����Y�R�O�������������Q�R������������������������
�K�W�W�S�V�������G�R�L���R�U�J�������������������V���������������������������������]�� 

[13]  �-�����/�H�H�Q�K�H�H�U�����7�����+�����$�����%�L�M�P�R�O�W�����+�����-�����Y�D�Q���+�H�H�U�G�H�����D�Q�G���$�����6�P�L�G�W�V�����³�'�R���O�R�\�D�O�W�\��
�S�U�R�J�U�D�P�V���U�H�D�O�O�\���H�Q�K�D�Q�F�H���E�H�K�D�Y�L�R�U�D�O���O�R�\�D�O�W�\�"���$�Q���H�P�S�L�U�L�F�D�O���D�Q�D�O�\�V�L�V���D�F�F�R�X�Q�W�L�Q�J���I�R�U��
�V�H�O�I���V�H�O�H�F�W�L�Q�J���P�H�P�E�H�U�V���´���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���-�R�X�U�Q�D�O���R�I���5�H�V�H�D�U�F�K���L�Q���0�D�U�N�H�W�L�Q�J�����Y�R�O������������
�Q�R�����������S�S���������±���������������������K�W�W�S�V�������G�R�L���R�U�J�������������������M���L�M�U�H�V�P�D�U������������������������ 

[14]  �+�����5�����$�E�E�X�����'�����)�O�H�L�V�F�K�P�D�Q�Q�����D�Q�G���3�����*�R�S�D�O�D�N�U�L�V�K�Q�D�����³�7�K�H���'�L�J�L�W�D�O���7�U�D�Q�V�I�R�U�P�D�W�L�R�Q��
�R�I���W�K�H���*�U�R�F�H�U�\���%�X�V�L�Q�H�V�V�² �'�U�L�Y�H�Q���E�\���&�R�Q�V�X�P�H�U�V�����3�R�Z�H�U�H�G���E�\���7�H�F�K�Q�R�O�R�J�\�����D�Q�G��
�$�F�F�H�O�H�U�D�W�H�G���E�\���W�K�H���&�2�9�,�'���������3�D�Q�G�H�P�L�F���´���L�Q���7�U�H�Q�G�V���D�Q�G���$�S�S�O�L�F�D�W�L�R�Q�V���L�Q��
�,�Q�I�R�U�P�D�W�L�R�Q���6�\�V�W�H�P�V���D�Q�G���7�H�F�K�Q�R�O�R�J�L�H�V�����$�,�6�&�����Y�R�O�����������������:�R�U�O�G�&�,�6�7���������������6�S�U�L�Q�J�H�U����
�������������S�S�����������±�����������K�W�W�S�V�������G�R�L���R�U�J�����������������������������������������������������B���� 

 

https://doi.org/10.1155/2009/421425
https://doi.org/10.1023/A:1021240730564
https://doi.org/10.1145/3285029
https://doi.org/10.1016/j.ijresmar.2018.05.001
https://doi.org/10.3390/su13116165


 

 

�4�X�D�O�L�W�D�W�L�Y�H���8�V�H�U���(�Y�D�O�X�D�W�L�R�Q���R�I���D�Q���,�Q�W�H�O�O�L�J�H�Q�W���+�5���$�Q�D�O�\�W�L�F�V��
�3�U�R�W�R�W�\�S�H���I�R�U���$�E�V�H�Q�F�H���'�D�W�D 

 
�,�Q�I�R�U�P�D�W�L�R�Q���7�H�F�K�Q�R�O�R�J�L�H�V���D�Q�G���,�Q�I�R�U�P�D�W�L�R�Q���6�R�F�L�H�W�\�����,�7�,�6���� 

 
�3�H�W�H�U���=�X�S�D�Q�þ�L�þ�����3�D�Q�þ�H���3�D�Q�R�Y 

�)�D�F�X�O�W�\���R�I���,�Q�I�R�U�P�D�W�L�R�Q���6�W�X�G�L�H�V 
�/�M�X�E�O�M�D�Q�V�N�D���F�H�V�W�D�������$���������������1�R�Y�R���P�H�V�W�R�����6�O�R�Y�H�Q�L�D 

peter.zupancic ,  pance.panov }@fis.unm.si  
 
 

 
�$�E�V�W�U�D�F�W�����7�K�L�V���S�D�S�H�U���S�U�H�V�H�Q�W�V���D�Q���T�X�D�O�L�W�D�W�L�Y�H���H�Y�D�O�X�D�W�L�R�Q���R�I���D���S�U�R�W�R�W�\�S�H���W�R�R�O���G�H�Y�H�O�R�S�H�G���D�V��
�S�D�U�W���R�I���D���G�R�F�W�R�U�D�O���U�H�V�H�D�U�F�K���S�U�R�M�H�F�W�����7�K�H���P�D�L�Q���J�R�D�O���Z�D�V���W�R���D�V�V�H�V�V���K�R�Z���H�I�I�H�F�W�L�Y�H�O�\���W�K�H���W�R�R�O��
�V�X�S�S�R�U�W�V�� �X�V�H�U�V�� �L�Q�� �L�Q�W�H�U�S�U�H�W�L�Q�J�� �H�P�S�O�R�\�H�H�� �G�D�W�D�� �D�Q�G�� �P�D�N�L�Q�J�� �L�Q�I�R�U�P�H�G�� �+�5�� �G�H�F�L�V�L�R�Q�V���� �7�K�H��
�H�Y�D�O�X�D�W�L�R�Q���I�R�O�O�R�Z�H�G���D���P�X�O�W�L���V�W�D�J�H���S�U�R�F�H�V�V�����V�W�D�U�W�L�Q�J���Z�L�W�K���D�Q���L�Q�L�W�L�D�O���V�X�U�Y�H�\���W�R���J�D�W�K�H�U���X�V�H�U��
�L�P�S�U�H�V�V�L�R�Q�V���� �L�G�H�Q�W�L�I�\�� �L�V�V�X�H�V���� �D�Q�G�� �F�R�O�O�H�F�W�� �L�P�S�U�R�Y�H�P�H�Q�W�� �V�X�J�J�H�V�W�L�R�Q�V���� �%�D�V�H�G�� �R�Q�� �W�K�H�V�H��
�I�L�Q�G�L�Q�J�V�����D�G�G�L�W�L�R�Q�D�O���W�D�U�J�H�W�H�G���V�X�U�Y�H�\�V���D�Q�G���V�H�P�L���V�W�U�X�F�W�X�U�H�G���L�Q�W�H�U�Y�L�H�Z�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G���W�R��
�J�D�L�Q���G�H�H�S�H�U���T�X�D�O�L�W�D�W�L�Y�H���L�Q�V�L�J�K�W�V���L�Q�W�R���X�V�H�U���S�H�U�F�H�S�W�L�R�Q�V���D�Q�G���S�U�D�F�W�L�F�D�O���X�V�H�����7�K�L�V���D�S�S�U�R�D�F�K��
�S�U�R�Y�L�G�H�G�� �D�� �F�R�P�S�U�H�K�H�Q�V�L�Y�H�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I�� �W�K�H�� �W�R�R�O�¶�V�� �X�V�H�I�X�O�Q�H�V�V�� �D�Q�G�� �U�H�O�H�Y�D�Q�F�H���� �7�K�H��
�U�H�V�X�O�W�V���L�Q�G�L�F�D�W�H���Z�K�L�F�K���G�D�W�D���Y�L�V�X�D�O�L�]�D�W�L�R�Q�V���D�Q�G���D�Q�D�O�\�W�L�F�D�O���R�X�W�S�X�W�V���X�V�H�U�V���I�R�X�Q�G���P�R�V�W���K�H�O�S�I�X�O��
�I�R�U���W�K�H�L�U���G�D�L�O�\���Z�R�U�N�����Z�K�L�O�H���D�O�V�R���L�G�H�Q�W�L�I�\�L�Q�J���D�U�H�D�V���Z�K�H�U�H���I�X�U�W�K�H�U���U�H�I�L�Q�H�P�H�Q�W���F�R�X�O�G���L�P�S�U�R�Y�H��
�F�O�D�U�L�W�\�����L�Q�W�H�U�S�U�H�W�D�E�L�O�L�W�\�����D�Q�G���G�H�F�L�V�L�R�Q���V�X�S�S�R�U�W�� 
 
�.�H�\���:�R�U�G�V�����H�P�S�L�U�L�F�D�O���H�Y�D�O�X�D�W�L�R�Q�����G�H�F�L�V�L�R�Q���V�X�S�S�R�U�W�����K�X�P�D�Q���U�H�V�R�X�U�F�H���D�Q�D�O�\�W�L�F�V 
 

�����,�Q�W�U�R�G�X�F�W�L�R�Q�� 
�,�Q���P�R�G�H�U�Q���R�U�J�D�Q�L�V�D�W�L�R�Q�V�����W�K�H���H�I�I�H�F�W�L�Y�H���P�D�Q�D�J�H�P�H�Q�W���R�I���K�X�P�D�Q���F�D�S�L�W�D�O���K�D�V���E�H�F�R�P�H���R�Q�H���R�I��
�W�K�H���P�R�V�W���F�U�L�W�L�F�D�O���I�D�F�W�R�U�V���I�R�U���D�F�K�L�H�Y�L�Q�J���F�R�P�S�H�W�L�W�L�Y�H���D�G�Y�D�Q�W�D�J�H���D�Q�G���O�R�Q�J���W�H�U�P���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� 
 

In this paper, which forms part of a broader doctoral research project, we present the 
evaluation of the developed prototype solutions and discuss the results from the 
perspective of end users. The purpose of the evaluation was to examine how the prototype 
tool performs in practice, with particular attention to its usability and the overall user 
experience. The process began with a survey [1], which served not only to collect initial 
feedback but also to generate new ideas and suggestions for improvement. The results of 
this first stage informed the design of the subsequent evaluation steps. To gain deeper 
insights, additional surveys and semi-structured interviews were carried out with selected 
users. This combination of methods provided both a broader overview and a more detailed 
understanding of user expectations, needs, and perceptions, allowing for a comprehensive 
assessment of the prototype tool. 
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�����/�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z 
The incorporation of emerging technologies in higher education has been widely studied. 
Scholars emphasize that universities are not neutral environments for technological 
adoption, as integration depends on infrastructures, pedagogical traditions, and cultural 
attitudes toward innovation (Selwyn, 2022; Williamson & Eynon, 2020). This perspective 
moves the debate beyond purely technical accounts and highlights how practices of use, 
regulation, and resistance reflect broader academic cultures.  

GenAI can be mobilized by different actors within educational contexts. As Hwang 
and Chen (2023) note, professors employ it for generating examples, summarizing 
content, or preparing teaching materials; students apply it to tasks such as homework, 
problem-solving, or creative outputs; peers use it collaboratively in team-based work; and 
AI itself functions as a partner in data collection and analysis. This blurring of boundaries 
between teacher, student, and tool introduces hybrid forms of collaboration. Yet, as 
Noroozi et al. (2024) remind us, meaningful adoption requires ethical and pedagogical 
framing, considering implications for assessment, learning goals, and academic integrity. 

In this line, several studies underscore tensions between human and machine agency. 
Wong and Looi (2024) stress the need for rational integration, while Okaiyeto et al. 
(2023) point to the paradox of supporting GenAI despite its dependence on responsible 
human use. Xia et al. (2024) argue that teacher training, AI literacy, and revised 
assessment policies are preconditions for meaningful implementation. At the institutional 
level, McDonald et al. (2024) find that 73% of universities in their sample encourage 
faculty use of GenAI, with more than half including it in curricula, though often 
accompanied by ethical warnings.  

The literature converges on the double-edged nature of GenAI adoption. On the one 
hand, GenAI enhances research and teaching practices, facilitating literature reviews, 
personalized learning, feedback, and efficiency (Rulfi & Spada, 2023; Ogunleye et al., 
2024; Guchhait, 2024). On the other, it introduces risks such as inaccuracies (Lim et al., 
2023), erosion of trust between professors and students (Luo, 2024), and potential 
limitations on critical thinking (Abunaseer, 2023).  

The legitimacy of Generative AI (GenAI) in higher education is not only grounded in 
its technical affordances but also in the narratives through which students and professors 
frame its usefulness. Rather than focusing solely on outputs, adoption is mediated by 
symbolic expectations of productivity, creativity, and informational access. As Aoun 



 

 

�������������� �D�U�J�X�H�V�� �L�Q�� �K�L�V�� �Y�L�V�L�R�Q�� �R�I�� �³�U�R�E�R�W-�S�U�R�R�I�´�� �K�L�J�K�H�U�� �H�G�X�F�D�W�L�R�Q���� �W�K�H�� �F�K�D�O�O�H�Q�J�H�� �I�R�U��
universities is to prepare students for futures in which automation coexists with human 
adaptability, critical thinking, and creativity. Similarly, Knox et al. (2020) highlight the 
role of AI imaginaries�² collective beliefs about what AI can and should do�² in shaping 
pedagogical practices and legitimizing its integration. 

In this perspective, GenAI is perceived as both a pragmatic and a symbolic ally. It is 
imagined as a time-saving tool, an assistant for personalized learning, and a catalyst for 
new forms of creativity. For example, Baidoo-Anu and Anash (2023) describe it as an 
�³�H�Q�G�O�H�V�V�� �V�H�D�� �R�I�� �N�Q�R�Z�O�H�G�J�H�´�� �W�K�D�W�� �V�W�L�P�X�O�D�W�H�V�� �F�X�U�L�R�V�L�W�\�� �D�Q�G�� �V�H�O�I-directed learning, while 
Pavlik and Pavlik (2024) show how it enhances visualization of creative processes, 
especially in artistic fields. These imaginaries resonate with empirical findings: in 
�6�O�R�Y�H�Q�L�D���� �U�H�V�S�R�Q�G�H�Q�W�V�� �H�P�S�K�D�V�L�]�H�G�� �*�H�Q�$�,�¶�V�� �U�R�O�H�� �L�Q�� �S�U�R�Y�L�G�L�Q�J�� �W�D�L�O�R�U�H�G�� �S�H�G�D�J�R�J�L�F�D�O��
support, whereas in Bosnia and Herzegovina they highlighted its capacity to expand 
access to literature and resources. 

At the same time, perceptions of effectiveness are contested. Critical voices caution 
against over-reliance, warning that GenAI may generate inaccuracies (Lim et al., 2023), 
undermine trust in student�±professor relationships (Luo, 2024), or constrain intellectual 
autonomy (Abunaseer, 2023). Lee (2024) further questions its pedagogical value, noting 
that students tend to follow AI-generated suggestions uncritically. These tensions 
�L�O�O�X�V�W�U�D�W�H�� �W�K�D�W�� �*�H�Q�$�,�¶�V�� �O�H�J�L�W�L�P�D�F�\�� �L�V�� �V�R�F�L�D�O�O�\�� �Q�H�J�R�W�L�D�W�H�G���� �Z�K�L�O�H�� �Z�L�G�H�O�\�� �H�P�E�U�D�Fed as a 
productive and creative resource, it simultaneously raises doubts about the depth and 
independence of academic learning.  

The integration of GenAI in higher education inevitably raises ethical and governance 
challenges, particularly around issues of academic integrity, plagiarism, data privacy, and 
reliability of outputs, showing that its integration has cultural meanings, institutional 
practices, and governance frameworks. These debates highlight both opportunities�² such 
as productivity and creativity�² and challenges related to ethics, critical thinking, and 
trust, thereby framing the research questions that guide this study.Globally, these debates 
�D�U�H���V�W�U�X�F�W�X�U�H�G���E�\���H�P�H�U�J�L�Q�J���I�U�D�P�H�Z�R�U�N�V���R�I���$�,���H�W�K�L�F�V�����V�X�F�K���D�V���)�O�R�U�L�G�L���D�Q�G���&�R�Z�O�V�¶����������������
principles of beneficence, non-maleficence, autonomy, justice, and explicability, which 
have influenced both institutional codes and regulatory agendas. In Europe, the discussion 
is increasingly framed through the EU Artificial Intelligence Act, which sets out a risk-
based governance model. While the Act is not yet fully implemented, its projected impact 
on higher education is already shaping institutional guidelines and expectations. Prior 
research supports the relevance of ethical reflexivity in education. As Molek (2023) 
argues in her critical review of digitalization and ethics in organizational and educational 
contexts, the introduction of AI tools requires not only technical literacy but also ethical 
literacy, where students and faculty learn to critically evaluate the boundaries of 
acceptable use.  

In this sense, our study investigates how professors and students in Bosnia and 
Herzegovina and Slovenia�² two contexts with different institutional histories, digital 
infrastructures, and regulatory environments�² engage with GenAI in their academic 
practices. Specifically, the research addresses five guiding questions: (1) What is the level 
of familiarity and frequency of use of GenAI? (2) What are the primary purposes of its 
use? (3) How is its effectiveness and productivity perceived? (4) What ethical concerns 
emerge, and how do they vary across contexts? and (5) To what extent is there support 
for stricter regulations and institutional guidelines? These questions are operationalized 
into five working hypotheses (H1�±H5), which structure the empirical analysis presented 
in the following section.. 
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This cross-sectional, cross-national exploratory mixed-methods study examined 
knowledge, use, purposes, perceptions, and ethical orientations toward GenAI among 
higher education actors in Bosnia and Herzegovina (BiH) and Slovenia (SI). Data were 
collected in October 2024 through an online questionnaire distributed via institutional and 
professional channels. The instrument consisted of five sections�² demographics, 
familiarity and use, purposes, perceptions, and ethical concerns�² with both closed and 
open-ended items. Closed items employed 5-point Likert-type scales (ranging from 1 = 
strongly disagree/never to 5 = strongly agree/very frequently). Versions in Bosnian and 
Slovenian were semantically aligned for comparability. The instrument was developed 
for this study and reviewed for face validity by the research team; no formal psychometric 
validation was performed, consistent with the exploratory scope of the study. 

The analytic sample comprised 29 respondents in BiH and 20 in SI. The BiH group 
was younger and mainly student-based, whereas the SI group was older and more 
balanced across academic roles, reflecting the exploratory character of cross-national 
research. 

Quantitative data were summarized using descriptive statistics (frequencies, 
percentages, means). Between-�F�R�X�Q�W�U�\�� �G�L�I�I�H�U�H�Q�F�H�V�� �Z�H�U�H�� �H�[�S�O�R�U�H�G�� �Z�L�W�K�� �$�ð�� �R�U�� �)�L�V�K�H�U�¶�V��
exact tests for categorical variables and Mann�±Whitney U tests for ordinal measures, with 
effect sizes reported alongside p-values. Given small sample sizes, emphasis was placed 
on descriptive contrasts rather than statistical inference. 

Open-ended responses were examined through qualitative content analysis. Two 
members of the research team independently coded the data, discussed discrepancies, and 
reached consensus to enhance interpretive reliability. Codes were grouped inductively 
into broader themes, with attention to both convergence and divergence across cases. 
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There can be noted contrasts emerged between the two national samples (see Table 1). In 
Bosnia and Herzegovina (BiH), most respondents reported being somewhat familiar with 
GenAI (62,1%), while a smaller proportion considered themselves very familiar (27,6%), 
and 10.3% reported no familiarity at all. In contrast, the Slovenian sample demonstrated 
a markedly higher level of reported familiarity: 85% of respondents declared themselves 
very familiar, and the remaining 15% reported being somewhat familiar. Importantly, 
none of the Slovenian respondents indicated unfamiliarity with GenAI. 
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Findings show GenAI is more embedded in Slovenian higher education than in BiH. 

While institutional embedding of GenAI appeared stronger in Slovenia, self-reported 
awareness of ethical issues and policy frameworks (such as the EU AI Act) was higher in 



 

 

Bosnia and Herzegovina. This divergence may reflect differences in sample composition 
(predominantly students in BiH vs. more balanced roles in SI), as well as contextual 
factors shaping exposure to GenAI in practice versus awareness at the discursive level. 
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This mixed-method study examined how professors and students in Bosnia and 
Herzegovina and Slovenia are engaging with Generative Artificial Intelligence in higher 
education. Despite the modest sample sizes, several patterns stand out. Both groups 
demonstrated moderate familiarity with GenAI, yet adoption differed. In Slovenia, 
respondents reported a broader range of purposes, especially pedagogical support and 
personalized learning. In Bosnia and Herzegovina, GenAI was framed more as a 
pragmatic resource for expanding access to literature and information. Perceptions of 
effectiveness and productivity were generally positive but tended to be described in 
instrumental rather than transformative terms. Ethical concerns were widespread, though 
demands for strict regulation were stronger in BiH, contrasting with more flexible�² yet 
less informed�² approaches in Slovenia. The findings contribute to debates on 
digitalization in higher education by showing that GenAI adoption is not merely technical 
but shaped by institutional cultures, infrastructures, and policy environments. Faculty and 
student narratives highlight ongoing tensions between innovation, productivity, and 
integrity in academic life. Practically, the results underscore the need for universities to 
address not only the pedagogical and technical integration of GenAI, but also its ethical 
and regulatory dimensions. Institutions should develop guidelines, training, and 
participatory forums to foster critical and responsible engagement with GenAI in 
teaching, learning, and research. 

This exploratory cross-national study offers initial insights into how higher education 
actors in Bosnia and Herzegovina and Slovenia perceive and engage with GenAI. 
Findings highlight both institutional embedding and ethical awareness, underscoring the 
multidimensionality of GenAI adoption in academic contexts. Limitations include the use 
of small, convenience samples that limit generalizability; the cross-sectional design, 
which precludes analysis of change over time; and reliance on several single-item 
measures and self-reports that may bias assessments of familiarity and awareness. Future 
research should draw on larger, longitudinal, and mixed-methods designs to better capture 
the evolving dynamics of GenAI in higher education. 
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�$�E�V�W�U�D�F�W����Quantum technologies are central to the global innovation race. While 
national strategies are designed to secure technological sovereignty, the relationship 
between strategic timing and actual innovation output is complex. However, the 
fundamental question remains: does policy actively drive the innovation cycle or merely 
follow it?  This study addresses this relationship by focusing on the temporal alignment 
between the release of national quantum strategies and the resulting patent application 
volume across countries (2014�±2023). 
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