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THE DYNAMICS OF PUBLIC
PROCUREMENT: INVESTIGATING OF
SUPPLIER SUCCESS RATE IN CONTRACTOR
RELATIONSHIPS

doc. Ing. Radoslav DELINA, PhD.
Ing. Gabriel DEMETER

Technical University of Kosice
Faculty of Economics
Némcovej 32

040 01 Kosice, Slovak Republic

Abstract

This study explores the bilateral relationships between
contractors and contracting authorities in the Slovak public
procurement platform, EKS, with the goal of identifying
potential  indicators of collusion and inefficiency in
procurement processes. Analyzing over 160,000 contracts,
we employ an array of statistical methods, such as IOR

[filtering, descriptive statistics, random forest models, and
regression analysis, to assess the importance of varions
variables and their potential influence on procurement
outcomes. Our findings offer valnable insights into the

radoslav.delina@tuke.sk
gabriel.demeter@tuke.sk

Key words . _ L dynamics between contractors and contracting anthorities,
Success Rate, Supplier, Public Procurement, Savings, Liohliohts . . .
. 1ghlighting opportunities to improve procurement efficiency
Collusion and mitigate collusion risks. This research contributes to the
literature on public procurement and collusion, underscoring
the need for further investigation into the factors affecting
procurement processes and the implementation of effective
policies to promote transparency and fair competition.
Introduction

Public procurement is an essential aspect of government expenditure, accounting for a significant portion
of a country's GDP. Effective and efficient procurement processes are crucial to promoting fair
competition, ensuring transparency, and delivering value for money. However, public procurement is also
susceptible to corruption, collusion, and inefficiencies, which can undermine the overall performance of the
public sector and waste taxpayers' money.

In Slovakia, the Electronical Contractual System (EKS) serves as a public procurement platform for the
government and various public entities. This system plays a vital role in enhancing the transparency and
efficiency of public procurement processes. However, there is limited research on the bilateral relationships
between contractors and contracting authorities in mentioned platform, particularly concerning potential
indicators of collusion and inefficiencies.

This study aims to bridge this gap by analyzing a dataset of 160,000 contracts from the EKS to investigate
the dynamics of contractor-contracting authority relationships and uncover potential inefficiencies and
collusion indicators in the procurement process.

The primary objectives of this research are as follows:

e To provide a comprehensive analysis of the bilateral relationships between contractors and contracting
authorities in the EKS public procurement platform.

e To identify potential indicators of collusion and inefficiencies in public procurement processes by
examining various variables related to contract outcomes and contractor-contracting authority
relationships.
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e To employ a range of statistical analysis methods, including descriptive statistics, correlation analysis,
random forest models, and regression analysis, to evaluate the importance and impact of different
vatiables on procutement outcomes.

e To provide insights and recommendations for policymakers and stakeholders to improve procurement
efficiency and reduce the risk of collusion in public procurement.

This study focuses on the analysis of over 160,000 contracts from the EKS in Slovakia, which offers a
comprehensive view of the public procurement low volume contract structure of the country. However, the
findings may not be directly generalizable to other countries or procurement systems due to differences in
procurement regulations, market structures, and other contextual factors.

Additionally, while this research employs various statistical methods to uncover potential indicators of
collusion and inefficiencies in the procurement process, the results should be interpreted with caution. The
study does not establish causality between the identified variables and procurement outcomes, and further
research is needed to validate and extend the findings.

Lastly, the available dataset presents certain limitations, including potential data quality issues and the
exclusion of some variables that might be relevant to the analysis. Despite these limitations, this study
contributes valuable insights into the dynamics of contractor-contracting authority relationships and
provides a foundation for future research in this area.

1 Literature review

Supplier selection is an essential process that significantly impacts organizational performance. By
identifying, screening, evaluating, analyzing, and contracting with suppliers, companies can reduce
operational costs, improve time to market, enhance product quality, and increase the efficiency of the supply
chain (Chai and Ngai, 2020). Moreover, the selection of the right suppliers can also lead to innovation in
the procured goods and services, which can provide a competitive advantage to the organization (Koufteros
et al,, 2012; Thornton et al., 2013) and entire supply chain (Che and Wang, 2008).

To build an enlarged and trusted supply base, companies need access to global market data. By creating a
pool of qualified suppliers that fulfill all the requirements of the procurer, companies can build trusted and
low-risk negotiation or contractual conditions (Dubois et al., 2021, Chai and Ngai, 2020). This process
involves analyzing the supply base and considering important elements such as the group of companies that
can provide goods and services.

However, managing the supplier base can be challenging, and different perspectives and expectations can
influence the required reduction or enlargement of the supplier base size. Some companies prefer reducing
the number of suppliers in their supply chain to simplify operations, decrease costs, and build long-term
relationships with strategic suppliers (Song et al, 2014, Sarkar and Mohapatra, 2006). However, this strategy
can also lead to increased supply chain vulnerability and dependence on a limited number of suppliers.

In contrast, supplier enlargement can help mitigate risks and increase supply chain resilience by increasing
supplier competition, accessing new markets, and building a more diversified supplier base (Delina et al,
2021). However, this strategy can also pose risks, such as higher procurement costs, increased complexity
in supplier management, and a higher risk of quality issues or non-compliance with regulations.

To optimize supply chain performance, a trend in supply chain management is to balance supplier reduction
and enlargement strategies. This involves analyzing supplier performance and risk factors, evaluating the
benefits and risks of supplier reduction and enlargement, and adopting a tailored approach that suits the
specific needs of the supply chain. Technology such as big data analytics, artificial intelligence, and
blockchain can also help in supplier evaluation and management to improve supply chain efficiency and
resilience.

One specific feature of supplier performance measurement that is gaining increasing attention is the success
rate of suppliers in public tenders. As data from public procurement are open and offer interesting potential
for analyzing this issue, it is worth exploring the potential benefits and risks of using this data to measure
supplier performance. However, there is also a risk of potential collusion or risk behavioral signal in such
data, which must be carefully considered before using it as a measure of supplier performance (Toth et al,
2015).
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In conclusion, supplier selection is an essential process that impacts organizational performance, and
managing the supplier base can be challenging (Salam & Khan, 2018). While supplier reduction and
enlargement strategies have their respective benefits and risks, the trend in supply chain management is to
balance these strategies to optimize supply chain performance. With the help of technology, companies can
analyze supplier performance and risk factors to adopt a tailored approach that suits their specific needs. By
understanding specific features of supplier performance measurements, such as the success rate of suppliers
in public tenders, companies can make informed decisions and improve supply chain efficiency and
resilience.

2 Data and methodology

The dataset used in this study is sourced from the Electronical Contractual System (EKS) in Slovakia, which
serves as a public procurement platform for government and public entities. The dataset comprises over
160,000 contracts, providing a comprehensive view of the public procurement landscape in the country,
concerning the lower public contracts. The data covers various aspects of the procurement process,
including information on contractors, contracting authorities, contract values, the number of applicants,
and contract outcomes.

The primary focus of the analysis is the bilateral relationship between contractors and contracting
authorities, with an emphasis on identifying potential indicators of collusion and inefficiencies in the
procurement process. To this end, several variables related to contract outcomes and contractor-contracting
authority relationships are considered, including mean savings, the number of contracts, contract values,
and bidding patterns.

The raw dataset required preprocessing and transformation to ensure that the data is suitable for analysis.

The following steps were undertaken during the data preprocessing stage:

e Cleaning: The dataset was cleaned to remove any inconsistencies, duplicate entries, and missing values.
This step ensures that the data is accurate and reliable for the subsequent analysis.

o Aggregation: Group-level statistics were calculated for the bilateral relationships between contractors
and contracting authorities. These statistics include variables such as mean savings, the number of
contracts, contract values, and bidding patterns.

e Outlier detection and removal: The interquartile range (IQR) method was used to identify and remove
outliers in the dependent variable, mean of savings. This step ensures that the analysis is not unduly
influenced by extreme values.

e Variable construction: New variables were constructed from the existing data to better capture the
relationships between contractors and contracting authorities. These variables include binned contract
counts, quantile-binned contract sums, and interaction terms for regression analysis.

A range of statistical analysis methods were employed to investigate the dynamics of contractor-contracting

authority relationships and identify potential indicators of collusion and inefficiencies in the procurement

process. The analysis methods include:

e Descriptive statistics: Descriptive statistics were calculated for all variables of interest to provide an
overview of the data and identify patterns and trends.

e Correlation analysis: Kendall Tau correlation coefficients were computed to assess the relationships
between variables and identify potential multicollinearity issues.

e Random forest models: A random forest model was used to evaluate the importance of different
variables in predicting procurement outcomes and assess the potential collinearity between predictors.

e Regression analysis: Multiple regression models were developed to estimate the impact of vatious
variables on mean savings, accounting for potential interaction effects and multicollinearity issues.

These statistical analysis methods were applied iteratively to refine the models and enhance the
understanding of contractor-contracting authority relationships in the EKS platform. The results provide
valuable insights into potential collusion indicators and inefficiencies in the public procurement process,
informing the development of anti-collusion policies and interventions.
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3 Results

The descriptive statistics present in Tab. 1 provide essential insights into the overall characteristics of the
dataset, revealing patterns and trends in the procurement process. A critical observation from the data is
the highly skewed distribution of the contract count variable. This skewness suggests that a substantial
number of bilateral relationships between contractors and contracting authorities involve only a few
contracts. The skewed distribution may be due to a high concentration of small-scale procurement projects,
with a few large-scale projects dispersed throughout the data

This observation could potentially have significant implications for the efficiency and competitiveness of
procurement processes across different bilateral relationships. The mean savings, applicants' mean, and
applicants' standard deviation all demonstrate considerable variation, indicating heterogeneity in the
procurement process. The variation in mean savings across different bilateral relationships may reflect
disparities in contract negotiation outcomes or differences in the degree of competition among applicants.
In some cases, lower mean savings might be associated with less competitive procurement processes or
potential collusive behavior.

Furthermore, the variation in applicants' mean and standard deviation across different bilateral relationships
highlights the differences in the number of bidders participating in procurement processes. These variations
may be influenced by factors such as market size, industry competition, or barriers to entry. A higher number
of applicants could be associated with more competitive procurement processes, leading to more efficient
outcomes. Conversely, a lower number of applicants might suggest less competition and potentially even
collusion, resulting in less favorable contract outcomes for the contracting authorities.

Tab. 1 Descriptive statistics of analyzed variables

Variable Success Rate Mean Mean StB Volume Volume Sum Contracts
Savings Applicants Applicants Mean Count
Mean 0.705 0.147 3.560 0.479 18750.95 39621.77 2.887
StD 0.315 0.146 2.356 0.948 46405.31 124159.26 11.227
Min 0.010 0.000 1.000 0.000 0.77 0.77 1.000
1st Quartile 0.478 0.016 2.000 0.000 883.87 1332.62 1.000
Median 0.794 0.107 3.000 0.000 3350.00 5583.23 1.000
3rd Quartile 1.000 0.235 4.667 0.707 15400.00 26990.00 2.000

Max 1.000 0.598 29.000 13.435 3480000.00 6496766.53 1556.000

Source: Own calculations

The descriptive statistics in Tab. 1 also reveal potential relationships between the size of procurement
projects and the characteristics of contractor-contracting authority relationships. For instance, larger
procurement projects might involve more established and experienced contractors, leading to different
negotiation dynamics and outcomes compared to smaller projects. Understanding these patterns and trends
in the data is crucial for identifying potential inefficiencies and areas of improvement in public procurement
processes.

In order to delve deeper into the relationships between variables, firstly, we present Graph 1, which reveal
intriguing patterns. Notably, the probability of a higher success rate, which might serve as a potential
collusion signal, decreases as the contract count increases. This outcome can be explained by the diminishing
likelihood of a single contractor winning all contracts with a given contracting authority as the number of
contracts rises, thus increasing the opportunity for collusion.
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Graph 1 Distribution of Success rate depending on contracts count of the bilateral contractor-contracting
authority relationship

Furthermore, the graphical analysis in Graph 2 and 3 shows that the slope of the lowess curve, when
assessing relationship between success rate and mean savings, becomes increasingly negative as the contract
count and contract sum of bilateral relationship grows. This trend indicates a negative relationship between
contract count and mean savings, suggesting that as the number of contracts within a bilateral relationship
increases, while considering a higher success rate values, the average savings per contract may decrease (also
valid for contracts sum variable in this concept). This finding with the phenomenon of decreasing density
of higher success rates (Graph 1) may be attributed to signals of collusive behavior.
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Graph 2, 3 Relation between Success Rate and Savings mean depending on contracts count (left), and
contracts sum (right)

To evaluate the relationships between variables and detect any potential multicollinearity issues that could
affect the interpretation of the results, Kendall Tau coefficients correlation matrix is presented in Graph 4.
The analysis reveals a strong 0.81 correlation between contract mean and contract sum, which could be
attributed to the high prevalence of single-contract relationships in the dataset. This strong association
implies that, in many cases, contracts with larger monetary values tend to have higher mean values as well,
possibly due to factors such as economies of scale, risk aversion, or the nature of the goods and services
being procured. It is important to consider these correlations when interpreting the results of the statistical
analysis, as they provide valuable context for understanding the dynamics at play in public procurement
processes and potential areas of concern or improvement.
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Graph 4 Correlation matrix of Kendall Tau coefficients between analyzed variables
Random Forest Model

A random forest model was employed to assess the relative importance of different predictors in predicting
procurement outcomes and to evaluate potential collinearity between predictors. The random forest model
is particularly suitable for this task, as it is capable of handling complex relationships between variables,
assessing interactions, and accounting for non-linear effects.

The model achieved an R? value of 37.88%, indicating that it could explain approximately 37.88% of the
variation in procurement outcomes. The mean absolute error (MAE) of the model was 0.0884, while the
mean squared error (MSE) was 0.0131. These metrics suggest that the model's predictions wete reasonably
accurate, although there remains room for improvement.

The random forest model revealed that the most important predictors of procurement outcomes, as
presented in Graph 4, were the mean number of applicants in contracts between a contractor and a
contracting authority, the mean value of the contracts procured together, and the total value of contracts
procured together. These variables were followed by the standard deviation of the number of applicants in
contracts, the success rate of a contractor in winning contracts with a specific contracting authority, and
number of contracts procured together in the analyzed relationship.
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Graph 4, 5 Summary of SHAP values on chosen predictors (left), Dependence plot of Success Rate and its

model importance on different values of SR variable (right)
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The results of the random forest model provide valuable insights into the factors that influence procurement
outcomes in public procurement processes. The findings underscore the importance of competition and
the scale of procurement activities in determining the efficiency of procurement processes and suggest that
a greater number of applicants and larger contract values are important for describing the mean savings of
the contractor-contracting authority relationship.

Graph 5 presents an insightful examination of the potential interaction between the success rate and the
sum of contracts within a bilateral relationship between contractors and contracting authorities. The graph
highlights that, in the success rate interval up to approximately 0.65, contractor-contracting authority
relationships with a greater number of realized contracts are associated with increased importance in
predicting higher savings in the procurement process.

Interestingly, a turning point is observed around a 0.65 success rate, where relationships with higher contract
sums become more significant in predicting lower savings as opposed to relationships with lower contract
volumes. This finding underscores the complex interplay between success rates, contract sums, and
procurement savings, warranting further investigation to better understand the implications for public
procurement efficiency.

Regression Analysis

In this section, we present the results of multiple regression analyses (Tab. 2) to estimate the impact of
various predictors on the mean savings of bilateral relationships between contractors and contracting
authorities. The analysis involved the development of three regression models: a baseline model without
interaction terms, a model with interaction terms involving the success rate and the contracts count, and a
model with interaction terms involving the success rate and the logarithm of the contracts sum. The
objective of these models was to identify significant relationships between mean savings and the variables
related to the contractor-contracting authority relationships while accounting for potential interaction
effects and multicollinearity issues.

Tab. 2 Estimated Regression models

Model 1 Model 2 Model 3
Applicants mean 0.0349 *#= 0.0349 **= 0.0349 *=*
(0.0003) (0.0003) (0.0003)
Tn(Contracts sum) -0.0104 ##==* -0.0081 =*= -0.0104 ***
(0.0003) (0.0007) (0.0003)
Contracts count 0.0007 === 0.0007 === 0.0010 ===
(0.0001) (0.0001) (0.0003)
Success Rate -0.0163 === 0.0110 -0.0150 #=*=*
(0.0017) (0.0074) (0.0019)
Interaction: Count*SR -0.0033 =#=
) (0.0008)
Interaction: Tn(Sum)*SR -0.0006
(0.0004)
N 54649 54649 54649
R2 0.3485 0.3487 0.3486
standard errors are heteroskedasticity robust. *%% p < 0.001; ** p < 0.01; * p < 0.05.

Source: Own caleulations

The baseline regression model (Model 1) incorporated the mean number of applicants, the logarithm of the
contract sum, and the contract count as independent variables. The results indicate significant positive
relationships between mean savings and the mean number of applicants, as well as significant negative
relationships between mean savings and the logarithm of the contract sum and the contract count. These
findings suggest that higher mean number of applicants and lower contract sum and contract count are
associated with higher mean savings in contractor-contracting authority relationships.

To investigate the potential interaction effects between the success rate and the other independent variables,
two additional models were developed. Model 2 included interaction terms between the success rate and
the contracts count, while Model 3 incorporated interaction terms between the success rate and the
logarithm of the contract sum. The results revealed significant interaction effects in both models, implying
that the relationship between the success rate and mean savings is influenced by the contract count and
contract sum in the bilateral relationships.
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Specifically, the interaction between the success rate and the contract count in Model 2 suggests that the
effect of the success rate on mean savings becomes more pronounced as the contract count increases. This
finding may indicate that the potential for collusion increases when there is a larger number of contracts
between the contractor and the contracting authority, reflecting increased collusive behavior in the
procurement process.

Similarly, the interaction between the success rate and the logarithm of the contract sum in Model 3 indicates
that the effect of the success rate on mean savings becomes stronger as the contract sum increases. This
suggests that the potential for collusion multiplies in larger procurement processes, where increased scrutiny
and oversight may increase the opportunities for anti-competitive behavior.

To further validate the importance of these interaction effects, an analysis of variance (ANOVA) was
conducted to compare the baseline model (Model 1) with the interaction models (Model 2 and Model 3).
The ANOVA results confirmed the significance of the interaction terms, providing evidence that the
inclusion of these terms improves the explanatory power of the models and helps to better capture the
dynamics of potential collusion in public procurement processes.

In summary, the regression analysis presented in this section highlights the importance of considering both
the direct effects of variables related to the contractor-contracting authority relationships and their
interaction effects in understanding the potential for collusion in public procurement processes. The results
provide valuable insights into the factors that influence mean savings of contracts realized by these
relationships and underscore the need for policymakers and practitioners to closely monitor these
relationships and promote competitive procurement processes to enhance efficiency and transparency.

4 Discussion
Key findings

The analysis of the public procurement data from Slovakia has led to several key findings that contribute to
a deeper understanding of the dynamics and potential inefficiencies in public procurement processes.
Among the most significant findings are:

e The identification of potential collusion indicators, such as the success rate of contractors with specific
contracting authorities. This finding emphasizes the importance of closely monitoring bilateral
relationships between contractors and contracting authorities in order to detect potential collusive
behavior.

e The uncovering of interaction effects between the success rate of contractors and both the logarithm
of the total contract sum and the number of contracts awarded. These interaction effects suggest that
the relationship between the success rate of contractors and mean savings is influenced by the size and
volume of contracts involved.

These findings highlight the complexities and challenges inherent in public procurement processes and
emphasize the importance of vigilance and due diligence in monitoring and regulating such processes to
ensure efficiency, transparency, and fair competition.

Implications for Public Procurement Efficiency

Firstly, the analysis uncovers the presence of potential collusion indicators, such as the proportion of
contracts won by a contractor with a specific contracting authority, which emphasizes the importance of
closely monitoring bilateral relationships between contractors and contracting authorities to ensure fair and
transparent procurement practices. By identifying and addressing such indicators, procurement authorities
can work towards creating a more competitive and efficient procurement environment.

Lastly, the interaction effects discovered between the proportion of contracts won by a contractor with a
specific contracting authority and the logarithm of the total contract sum, as well as between the proportion
of contracts won and the contract count, indicate that the relationship between the proportion of contracts
won and mean savings is influenced by the contract sum and contract count. This finding implies that the
impact of potential collusion indicators on procurement outcomes may vary depending on the size and
frequency of contracts within bilateral relationships. Understanding these interaction effects can provide
valuable insights into the complexity of procurement processes and help inform targeted interventions to
enhance procurement efficiency and reduce the risk of collusion.
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Potential Indicators of Collusion:

The findings of this study point towards several potential indicators of collusion in public procurement

processes that warrant closer attention:

e Success rate of contractors: The proportion of contracts won by a contractor with a specific contracting
authority can act as a signal for potential collusion if this value remains consistently high. A higher
success rate could indicate an unfair advantage or potentially a collusive agreement between the parties
involved.

e Number of contracts: A higher number of contracts between a contractor and a contracting authority
might be indicative of a higher probability of collusion. This is supported by the observation that the
likelihood of a higher success rate decreases as the number of contracts increases, making it more
challenging for a single contractor to consistently secure contracts with a particular authority.

e  Size of procurement: The negative relationship between the size of procurement and the mean savings
achieved suggests that larger procurement processes might be more susceptible to inefficiencies and
potential collusion. This highlights the importance of implementing increased scrutiny and oversight in
cases involving significant contract sums.

In conclusion, this study underscores the importance of closely examining bilateral relationships in public
procurement to identify potential indicators of collusion. By closely monitoring these indicators and
fostering competition, policymakers and practitioners can work towards enhancing the efficiency and
transparency of public procurement processes.

5 Conclusion

In this study, we investigated the bilateral relationships between contractors and contracting authorities in
Slovakia's public procurement data, with a particular focus on potential collusion indicators and their
implications for procurement efficiency. Our analysis uncovered several key findings that contribute to the
understanding of the dynamics and potential inefficiencies in public procurement processes.

We identified the presence of potential collusion indicators, such as the success rate of contractors with
specific contracting authorities. This metric signifies the proportion of contracts won by a contractor in
their relationship with a particular contracting authority, highlighting the importance of monitoring these
relationships for potential collusion.

Additionally, we discovered interaction effects between the success rate of contractors and contract-related
variables, which indicate that the size and frequency of contracts have a significant influence on the
relationship between contractor success rate and procurement outcomes. This finding emphasizes the
importance of considering contract-specific factors when assessing the efficiency and competitiveness of
public procurement processes.

Contributions and Future Research Directions

This research adds to the existing body of literature on public procurement and collusion by exploring the
significance of bilateral relationships and their potential impact on procurement efficiency. The findings
serve as a foundation for further studies to investigate the intricacies of public procurement processes in
various countries and contexts.

Future research could focus on several aspects, such as:

e Broadening the analysis to encompass additional variables relevant to collusion detection. This would
provide a more comprehensive understanding of potential collusion indicators and their effects on
procurement efficiency.

e Utilizing advanced analytical techniques, such as machine learning algorithms, to develop more
sophisticated models for predicting and detecting collusion in public procurement. This could enhance
the accuracy and effectiveness of identitying collusion patterns and help to better address these issues.

e Investigating the efficacy of policy interventions aimed at promoting competition and reducing the risk
of collusion in public procurement processes. By assessing the impact of different policies, researchers
can offer valuable insights to policymakers and practitioners on how to improve the efficiency and
transparency of public procurement systems.
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Policy Recommendations

Drawing from the findings of this study, several policy recommendations can be put forward to enhance
public procurement efficiency and mitigate the risk of collusion. First, it is crucial to monitor potential
collusion indicators, such as the proportion of contracts won by a contractor with a specific contracting
authority, and investigate cases with consistently high values to ensure fair competition and efficient use of
public resources.

Second, fostering competitive procurement processes is vital. Encouraging a higher number of applicants
and implementing measures to prevent anti-competitive practices can contribute to a more efficient
procurement environment.

Third, it is essential to implement stricter oversight and controls for large procurement processes, as these
may be more susceptible to inefficiencies and potential collusion. By closely monitoring and regulating these
processes, the risk of collusion can be reduced.

By implementing these recommendations, policymakers can contribute to enhancing the efficiency,
transparency, and fairness of public procurement processes, ultimately leading to better allocation of public
resources and improved public services.

The research was supported by the Slovak Research and Development Agency under the project
APVV-20-0608 ,, The research of behavioural patterns on big data within public and commercial
procurement with negative impact on efficiency of procurement processes “
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Abstract

The goal of dynamic optimization is to determine a set
of important ones in an open control loop variable time
profiles (pressure, temperature, flow, electric current, heat
output, ...) for dynamic Systems that optimize a given
purpose-built function with respect to specific limitations
(safety, environmental and operational limitations).
Optimal management says about determining the best
time-varying profiles in a closed loop.

Key words
dynamic programming, Bellman s principle, optimalization
problem, Knapsack 0-1 Problem

Uvod

Optimaliza¢ny problém vznika pri vybere z viacerych variantov rieSenia, kedy hl'adame najlepsi z variantov.
Ak by sme chceli optimaliza¢ny problém sformulovat’ prehladne matematicky, formulaciu zobrazime na
nasledovnom obrazku

kritérium
optimality

matematicky
model problému

vyber najlepsieho
rieSenia

Obr. €. 1 Matematicka formulacia optimaliza¢ného problému

Zdroj: viastné spracovanie

Pri klasifikacii optimalizacnych problémov rozlisujeme: aloka¢né problémy (optimalne rozdelenie zdrojov —
maximalizacia zisku), problémy planovania (minimalizacia celkovych vyrobnych nakladov), problémy
aproximacie (minimalizovat’ chybu aproximacie v zmysle urcitého kritéria), konfliktné situacie (situacie
s protikladnymi zaujmami Gcastnfkov)...

Rozlisujem statickd a dynamickt optimalizaciu. My sa budeme zaoberat’ dynamickou optimalizaciou, no
povazujeme za dolezité vysvetlit’, v ¢om sa lisi od statickej. Rozdiel medzi dvomi spomenutymi druhmi je,
ze statickd optimalizicia m4 za tlohu dosiahnut’ optimalne hodnoty veli¢in v ustilenom stave, ktoré
zabezpecia najlepsi ekonomicky alebo technologicky vysledok riadenia (napr. maximalna kvalita vyroby
alebo naopak minimalne straty).
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1 Dynamické programovanie

Princip rozdelnj a pannj (divide-and-conquer) vyuzivany pri rieSenf mnohych problémov pracuje nasledovne:
vel'ky problém rozdelime na viaceré samostatné mensie podproblémy. Tieto podproblémy najskor vyriesime
a vysledky pouzijeme (skombinujeme) na vytvorenie rieSenia celého velkého problému. V dynamickom
programovani vyuzijeme extrémny pristup k tomuto principu: ked” presne nevieme, ktoré podproblémy
treba vyriesit’, jednoducho ich vyriesime vsetky, vysledky si zapamitame a opit’ vyuzijeme na doriesenie
vicsich problémov.

Pri aplikovani dynamického programovanie musime pocitat’ s niektorymi uskaliami. Po prvé, nie vzdy je
mozné skombinovat’ rieSenia mensich problémov na vytvorenie rieSenia vi¢sicho problému a po druhé,
pocet malych problémov, ktoré potrebujeme vyriesit’ moze byt’ prili§ vel'ky. Neda sa precizne vyclenit’,
ktoré problémy sa daju vhodne takto riesit’, ale st urcité ukazovatele, ktoré nim pomahaju:

e optimalna podstruktira,

e prelinajice sa podproblémy.

Problém optimalneho riadenia dynamického systému
L Vyjadrenie optimalizacného problému
Uvazujeme dlohu riadenia deterministickych spojitych dynamickych systémov:

x(@) = frlxu,t)

y(@©) = gp(x,u,t) (1.1)

kde
x(t) — stav systému,
u(t) — riadiaci vektor,
y (t) — vystupny vektor.
Obmedzenie velic¢in je dané nasledovne:

u(t) e U c R

x(t) EX CR" (1.2)

Na zaciatku riesenia problému zvyc¢ajne pozniame pociatoény stav dynamického systému, ktory oznacime
x(ty) = xo. Nasou ulohou je riadit’ problém tak, aby na konci intervalu riadenia (tq, t1) bol dynamicky
systém v stave x(t1) = x;. KedZe prechod zo stavu x(ty) do x(t;) mdze byt uskutocneny rozne, je
potrebné zadefinovat’ kritérium kvality riadenia, ktoré ohodnoti dlohy. To znamena, ze kazdému rieseniu
priradi redlne ¢islo. Vyberom najvyssicho ¢isla budeme schopni vybrat’ optimalne riadenie. V tlohach
dynamického programovania vyjadrime kritérium kvality nasledovne:

J(t0x(t0), t1, X(82),u(®)) = h(x (&) + [ g (x,u. D)t (13)
kde

h, g — skalarne suciny
h(x(t1)) — hodnoti ciel’ trajektorie

fti)l g (x,u.t)dt —hodnoti priebeh.

Uloha optimaliza¢ného riadenia dynamického systému potom spociva urceni takého riadenia u(t) systému,
aby splnila obmedzenia a bol dosiahnuty koncovy stav x(t;) a zaroven kritérium kvality riadenia bolo
minimalne. Takéto riadenie je potom povazované za optimélne, ¢o ozna¢ime symbolom hviezdicky -u*(t).
Zadana dloha optimaliza¢ného riadenia moze mat’ urcité modifikacie:

e koniec trajektorie — Cas t a stav x(t1) mdze byt’ pevne dany — tloha s pevnym koncom trajektorie,

e ak nie je urceny koncovy ¢as t; — tloha s vol'nym koncovym ¢asom,

e koncovy stav x(t;) nemusi byt urceny — tloha s volnym koncom trajektortie.
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Ak vezmeme do uvahy vsetky vyssie opisané skutocnosti, mézeme zjednodusene povedat’, ze v ulohe
optimalizacného riadenia hladime extrém funkcionalu pri respektovani obmedzeni danymi stavovou
rovnicou systému a obmedzujticich podmienok.

Formy zapisu dcelovej funkcie (optimaliza¢né kritérium, hodnota funkciondlu): Bolzov tvar, Lagrangeov
tvar, Mayerov tvar.

1. Lagrangeova dloha spociva v minimalizacil funkcionalu
¢
J1(u(®) = [ FGeCo), ute), Ot 1.4
s obmedzenim f (x, x,t) = 0, dlohu riesime zavedenim rozsireného funkcionalu.
2.  Mayerova uloha

J2 (u®) = G(x(r), ty) (1.5)

3. Bolzova tloha

Ja(u(®) = Gx(tr), tp) + [, F (), u(0), O)dt (1.6)
kde

J — optimaliza¢né kritérium
G — cast’ ucelovej funkcie vycislenej v koncovych podmienkach

t M Ly . . v . vy , .
f : FFdt — ast’ ucelovej funkcie vycislenej pocas ¢asového intervalu
0

x(t) —vektor stavového profilu

u(t)— vektor riadiaceho profilu

Pri vyuziti zadefinovanych vzt’ahov a pojmov sa mézeme stretnit’ s dvomi variantami tlohy optimalneho
riadenia pri zndmom stave systému:

A. Problém programového optimaliza¢ného riadenia — pri znamom pociatocnom stave systému U =
u[t, xo]

B. Problém spitnovizbového optimalizacného riadenia — pri znamom okamzitom stave systému U =
u*[t, x(t)]

1I. Riesenie optimalizacného problému

Pristupy, ktoré mézeme vyuzit’ pri rieSenf problému optimélneho riadenia mo6zeme zaradit’ bud” do skupiny
tych analytickych metéd, ktoré boli pouzivané donedavna alebo do numerickych metédd, ktoré su viacej
preferované v sucasnosti.

Najdolezitejsie metody pouzivané na rieSenie problémov optiméalneho riadenia:

e dynamické programovanie (Bellmanov princip optimality),

e  varia¢ny pocet — problémy optimalizacného riadenia bez respektovania obmedzenia,

e DPontrjaginov princip minima (maxima) — problémy optimaliza¢ného riadenia pri respektovani
obmedzen.

2 Bellmanov princip optimality

V pitdesiatych rokoch minulého storocia Bellman a jeho spolupracovnici rozpracovali novy pristup k
rieSeniu varia¢nych uloh, ktorym bola prave metéda dynamického programovania. Metéda dynamického
programovania sa ¢asto pouziva pri analyze a syntéze systémov automatického riadenia. (Bellman, 1957)
Spomenuta metdda je zalozena na principe optimality. Ak by sme vo vSeobecnosti chceli vysvetlit’, o com
je Bellmanov princip, jeho definiciu mézeme formulovat’ nasledovne: “Ak existuje optimalna cesta z A do
C, kazda ciastkova cesta z B do C je tiez optimalna”.
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Vo vseobecnosti mézeme tvrdit’, ze dynamické programovanie ¢asto pomaha vyriesit’ problém, ktorého
vyrieSenie by pti inej zvolenej metdde, bolo casovo ovela naroénejsie. Pojem ‘Bellmanova rovnica” je
zvyc€ajne vyuzivany pre rovnicu dynamického programovania popisujiceho optimalizacny problém v
diskrétnom case. Pre optimalizacny problém v spojitom case hra analogickd dlohu parcidlna diferencialna
rovnica nazyvana aj Hamiltonova — Jacobiho - Bellmanova rovnica.

X

x(ty)

X

Obr. ¢. 2 Graficka interpretacia Bellmanovho principu optimality

Zdroj: viastné spracovanie

Princip optimalnosti mozno formulovat’ i takto:

e optimalna stratégia nezavisi od predhistérie a je urcend len zaciatocnou podmienkou a koncovym
cielom,

e zvlastnost’ metddy, ktora vyuziva princip optimalnosti, spoc¢iva v tom, ze Casti optimalnej trajektorie sa
urcuji od konca trajektorie, zacinajic z predpisaného koncového stavu X(tf),

e prideleni trajektdrie na niekolko usekov mozno, pohybujic sa od konca trajektérie, mat’ presvedéenie
o optimalnosti posledného useku trajektérie a potom o optimalnosti vsetkych predchadzajacich dsekov,

e optimalnost’ jednotlivich usekov trajektérie zavisi od optimalnosti celej trajektérie,

e opacné tvrdenie neplati, t. j. optimalnost’ celej trajektérie nevyplyva z optimalnosti jednotlivych dsekov.
(Lasciak, 1985)

2.1 Aplikacia diskrétneho dynamického programovania na optimalizacny problém

Pre znizornenie typickych procesov pouzitych pri rieseni dloh prave dynamickym programovanim,
pouzijeme jeden z najznamejsich prikladov pre aplikiciu principu optimality - Problém batohu. Ide o také
riesenie aplikacného charakteru, kedy je potrebné vybrat’ z urcitého siboru dopredu zadany pocet
predmetov tak, aby bola celkova uzitkovost’ tohto vyberu ¢o najvyssia — maximalizujeme zisk, vinos, a pod.
Kedze vo vicsine historickych publikacii sa predmety vkladali do batohu, nazjvame takato dlohu ako
problém batohu. (Lasciak, 1985)

Vseobecna formulicia problému:

e N druhov vyrobku,

e kazdy druh md urcend hmotnost’ V;, kdei = 1,2, .... N,

e  kazdy druh md urcend vynosnost’ ¢;, kdei = 1,2, ... N,

e zadana je maximalna hmotnost’, ktord batoh unesie,

e dlohou je vybrat’ vyrobky tak, aby bola ich vynosnost’ o najvyssia.
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Matematicka formulicia problému:

e X —hmotnostna kapacita batohu,
e X; — pocet nalozenych vyrobkov i — tého druhu v batohu,
e dloha celodiselného programovania: najst’ maximum ucelovej funkcie:
— — VN
F(x1, 0, Xy) = C1X1 + Coxp + -+ cyXy = Xizq CiX; (1.7)

za podmienok
V1X1+ Vpxy + o+ UyxXy <X

x; =0,i=1,2,...N (1.8)

Formulacia problému ako optimalizacia N-etapového rozhodovacieho procesu, pricom v podla vyssie
spomenutého principu dynamického programovania rogdel/nj a panuj rozdelime proces do niekolkych etap.
V kazdej etape bude rozhodnutie spocivat’ v urc¢eni mnozstva iba jedného vyrobku. Zacneme v prvej etape
s rozhodnutim o pocte N-tého vyroku, pokracujeme v druhej s rozhodnutim o pocte N-1 vyrobku atd’.

Postupnost’ Xy, Xy_1,...%; vyhovuje vztahom (1.8) zastupuje pripustnt stratégiu procesu pitt) = p@ —
Uns1—iXn+1-ioi =1, ..., N; p(l) = x stavovu transformdciu. Stavovou premennou je volni vihova
kapacita. Na zaklade principu optimality dostaneme rekurentné vzt'ahy:

fn(x) =max  [eyxy + fy-1(x — vyxp] (1.9)

N =2

wefor 2]

x X v . c vy vy . vy X
filx) = [V—] cq, kde [V—] oznacuje najvacsie ¢islo nie vacsie ako —.
1 i i

Numerické riesenie problému:

BliZsie si predstavime dlohu typu Problému bahotu 0-1, ¢o je vo vSeobecnosti oznacenie pre pripad, kedy
kazdy produkt méze byt’ do vyberu zaradeny maximalne raz. RieSenie optimalizaéného problému pomocou
Bellmanovej rovnice poskytne vyber, ktory bude spinat’ obmedzenia, bude dosiahnuty koncovy stav
a zaroven ziskame optimalne riadenie pre zadané parametre.

Ako by sme problém riesili pomocou tzv. metdédy hrubej sily, spocivala by v prehladavani vsetkych
kombinaci{ danych poloziek, co nam umozni vybrat’ si ti s maximalnym ziskom a hmotnost'ou
nepresahujicou konstantu ,,x*. Casova naro¢nost’ je viazana na pocet vietkych rieseni, ktory méze byt pri
rasticej velkosti daného problému naozaj velky. Tento pristup je preto vyuzivany ako dolna hranica
hodnotenia vykonnosti inych algoritmov, pod ktord by nemali klesnit’. Ak by sme chceli vyskasat’ vSetky
kombinacie, algoritmus by vyzeral takto:

pre kagdi pologku ,,i"

vytvorte novy vybetr, ktory obsabuje pologkn ,,i*, ak celkovd hmotnost’ nepresabuje kapacitu ,,x ",

rekurzivne spracovat’ pysné pologky,

vytvorte novu mnoZinu be; pologky i’ a rekurivne spracujte vysné pologky

vratit’ sitbor 3 vy$Sie uvedenych dvoch siiborov s vyssim iskom

Zadanie Problému batohu 0-1:

St dané 4 predmety — X1, X, X3, X, TaktieZ je zadand maximalna nosnost’ batohu » v kg. Ulohou je vybrat’
do batohu také predmety, aby stucet ich hmotnosti bol ¢o najvi¢si, no zaroven neprekrocil hodnotu w. Ku
kazdému predmetu je uvedena aj jeho hodnota »a/ v €. Maximalizujte celkovi hodnotu batohu pomocou
vyberu prvkov, ktoré don vlozite bez prekrocenia vahovej kapacity.
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Tab. 2 Zadanie optimaliza¢ného problému

Iltems: n=4 Xq Xy X3 X4
Value (val) 10 40 30 50
Weight (wt) 5 4 6 3
Max_weight (w) = 10

Zdroj: Vlastné spracovanie

Postup riesenia pomocou dynamického programovania:

Kedze ide o problém s batohom 0-1, polozku mézeme do nasho batohu zahrnut’ alebo vylacit', avsak
nemoézme zahrnut iba jej lomok alebo ju zabrmit’ viackrit.

Krok ¢&. 1:

Najprv vytvorime 2-rozmerné pole (t. j. tabulku) o rozmere n + 1Iriadkov aw + 1stipcov. Cislo
riadku 7 predstavuje mnozinu vsetkych poloziek z riadkov 1— 7. Napriklad hodnoty v riadku 3
predpokladaji, Ze mame iba polozky 1, 2 a 3. Stipec ¢&fslo / predstavuje nosnost’ nasho batohu. Napriklad
hodnoty v stlpci 5 teda predpokladajd, e na$ batoh pojme 5 vahovych jednotiek. Ked’ to vietko zhrnieme,
zaznam v riadku 7, stlpci / predstavuje maximalnu hodnotu, ktort mozno ziskat’ s polozkami 1,2,3 ... 7, v
batohu, do ktorého sa zmesti j jednotick hmotnosti.

Krok ¢. 2:

Niektoré polozky nasej tabulky mézeme zacat’ vypliovat” okamzite - zakladné pripady, pre ktoré je riesenie
trivialne. Napriklad v riadku 0, ked’ nemame Ziadne polozky na vyber, musi byt’ maximalna hodnota, ktord
mozno uloZit’ v akomkol'vek batohu rovna nule. Podobne v stipci 0 pre batoh, ktorj mdze obsahovat’ 0
jednotiek hmotnosti, maximalna hodnota, ktora je v flom mozn4 ulozit’ sa rovnd nule. (Za predpokladu, ze
neexistuju ziadne nehmotné, hodnotné predmety.)

Krok &. 3:

V nasledovnom kroku zaé¢neme vyplnat’ polia tabulky princfpom dynamického programovania. Ako pri
vSetkjch rieSeniach dynamického programovania, v kazdom kroku vyuzijeme nase rieSenia
predchadzajicich ¢iastkovych problémov. Pripometime, e v riadku 7a stipci j riesime ¢iastkovy problém
pozostavajuci z poloziek 1, 2, 3 ... 7s batohom s kapacitou j. V rieSeni tohto bodu mame 2 moznosti:
moézeme polozku 7 zahrndt’ alebo nie. Pre rozhodnutie musime porovnat’ maximalnu hodnotu, ktord
moézeme ziskat’ s a bez polozky 7.

Maximalnu hodnotu, ktord moézeme ziskat’ beg polozky 7 najdeme v riadku /-7, stlpcij. Tato cast’ je
Pahka. Zd6vodnenie je jednoduché: akdkol'vek maximalna hodnota, ktord mozeme ziskat’ s polozkami 1, 2,
3 ... i musi byt’ samozrejme rovnaka maximalna hodnota, aki mézeme ziskat’ s polozkami 1, 2, 3..7- 7, ak
sa roghodneme nezabrndit pologkn i . Na vypocet maximalnej hodnoty, ktord mézeme ziskat’ s polozkou 7 najprv
musime porovnat’ hmotnost’ polozky 7 s nosnost’ou batohu. Samozrejme, ak polozka / vazi viac, ako je
batoh schopny uniest’, nemézeme ju zapocitat’, preto nema zmysel vykonavat’ vypocet. V takom pripade je
riesenim tohto problému maximalna hodnota, ktord mézeme ziskat’ bez polozky 7 (t. j. hodnota v riadku
vyssie, v rovnakom stlpci). Predpokladajme vsak, e polozka 7 vazi menej ako celkova hmotnostna kapacita
batohu. Mame teda moznost’ ju zahrnit’. Rozhodneme sa tak iba v pripade, ak potencialne zvysi maximalnu
dosiahnutelnd hodnotu. Maximdlna dosiahnutelna hodnota zahrnutim polozky7je teda = hodnota
samotnej polozky 7 + maximalna hodnota, ktort mozno ziskat’ so zvy$nou kapacitou batohu. Ked’ze nasou
ulohou je dosiahnut’, ¢o najvyssi uzitok, je zrejmé, ze chceme vyuzit’ kapacitu nasho batohu naplno a teda
nenechat’ v batohu Ziadnu volnd hmotnostna kapacitu.

Preto v riadku 7a stlpci / (ktory predstavuje maximalnu hodnotu, ktord mézeme ziskat’) by sme vybrali
bud’ maximalnu hodnotu, ktord mézZeme ziskat’ bez polozky 7alebo maximalnu hodnotu, ktoru
modZeme ziskat’ s polozkou 7, podl’a toho, ktord hodnota je vicsia.

Krok ¢&. 4:

Po naplneni tabul’ky sa koneéné riesenie nachadza v poslednom riadku v poslednom stipci, ktory predstavuje
maximalnu hodnotu, ktord je mozné ziskat’ so wserkymi zwolemymi pologkami za predpokladu uplného
vycerpania £apacity batohu.
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Zaver

Prvym krokom pri rieSeni optimaliza¢nych problémov je charakterizovat’ hladané najlepsie riesenie.
Hovorime, ze problém v sebe obsahuje optimalnu podstruktaru prave vtedy ked’, kazdé najlepsie riesenie
(moze ich byt predsa aj viac) v sebe obsahuje optimalne riesenia podproblémov (napriklad najkratsia cesta
v grafe obsahuje len najkratiie podcesty). Dalsim délezitym ukazovatePom, Ze by sme mohli pouzit’
dynamické programovanie je prelinanie podproblémov. Teda, ze mnozstvo roznych podproblémov, ktoré
treba vyriesit’ je malé. Ked’ rekurzivne riesenie prehladava dokola rovnaké a rovnaké podproblémy, treba
zacat’ uvazovat’ nad vyuzitim dynamického programovania. Naproti tomu, problém na ktory je vhodna
technika rozdeluj-a-panuj generuje v kazdom kroku rekurzie celkom nové podproblémy. Riesenie zalozené
na dynamickom programovani zvykne vyuzivat’ vysledky uz vyriesenych podproblémov, aby ich neskor,
nemuselo pocitat’ viac razy.

»Prispevok bol rieseny vrimci projektu VEGA1/0096/23: Vybrané metddy riadenia rizik pri
Implementicii parcidalnych internych modelov pre stanovenie kapitilovej pozZiadavky pre
solventnost’. “
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The aim of the paper is to describe the process of
realization of the competition. Olympics of Business
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Key words

Manager is a competition with a nationwide scope,
which is intended for students in the graduation year of
secondary schools with an economic focus, secondary
schools with a non-economic focus and secondary
schools  focused on  services. The subject of the
competition is testing students' knowledge within the
entire territory of the Slovak Republic in the areas of:
economics, business economics, the Eurgpean Union,

olympics, competition for high school graduates, business

social studies, financial literacy. The aim of the
administration, conrse of the competition, third edition

competition is to popularize the economy as a scientific
and study department and to support society-wide
efforts to increase the financial literacy of young people.
The competition is organized by the Faculty of
Business Economics with seat in Kosice.

Uvod

V akademickom roku 2022/2023 sa konal uz $tvrty roénik sut’aze pre ziakov strednych $kol na Slovensku.
Olympiada podnikovy hospodar je sut'az s celoslovenskou posobnost’ou, ktora je urcena pre Studentov
maturitného ro¢nika strednych §kol ekonomického zamerania, strednych $kol neekonomického zamerania
a strednych §kél zameranych na sluzby. Predmetom sut’aze je testovanie znalosti Studentov v ramci celého
uzemia Slovenskej republiky z oblasti: ekonémie, podnikovej ekonomiky, Eurépskej unie, nauky o
spolo¢nosti, financnej gramotnosti.

Ciel'om sut’aze je popularizacia ekondémie ako vedného a studijného odboru a podpora celospolocenskych
snah o zvySovanie finanénej gramotnosti mladych 'udi, ako aj zvysenie pripravenosti a zaujmu potencialnych
uchadzacov o $tadium na Podnikovohospodarskej fakulte Ekonomickej univerzity v Bratislave so sidlom v
Kosiciach. Sut’az je organizovanid Podnikovohospodarskou fakultou Ekonomickej univerzity v Bratislave
so sidlom v Kosiciach.
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1 Registracia sut’aZiacich

Pocas obdobia, kedy bola spustena online registracia na Olympiddu podnikovy hospodar sme zaevidovali
53 strednych §kol z celého Slovenska, ktoré prejavili zaujem o Gcast’ na nami organizovanej sut’azi. Mézeme
povedat’, Zze zapojili sa Skoly z celej krajiny, pricom zastipenie mali stredné Skoly z Nitry, Trencina,
Bratislavy, Brezna, Liptovského Mikulasa, Spisskej Novej Vsi, Roznavy, Presova, Kosic, Velkych Kapusian,
TrebiSova, Bardejova, Vranova nad Toplou, Humenného Sniny a mnoho dal$ich miest. Bezplatna
registracia $kol a maturantov trvala do polovice februara 2023.

Zodpovedni koordinatori strednych $kol nasledne informdciu o elektronickej registracii odovzdali
maturantom, pricom pocet zaregistrovanych Studentov bol 905, ¢o nas milo prekvapilo. O zlozeni
jednotlivych kategorii informuje nasledovny kolac¢ovy graf.

Pocet

Typ $koly
0,1%

S

19.1%

20,1%

60,7%

Graf. ¢. 1 ZloZenie registrovanych ucastnikov Olympiady podnikovy hospodar (S — stredné §koly
zamerané na sluzby, E — stredné Skoly s ekonomickym zameranim, N — stredné §koly neekonomického
zamerania)

Zdroj: vlastné spracovanie podla databdzy registrovanych maturantoy

Mozeme vidiet’, ze najviac registrovanych dcastnikov bolo v kategérii ekonomického zamerania (prevazne
obchodné akadémie), pricom ich pocet bol 550, ¢o predstavuje 60,7 % registrovanych sut’aziacich. O cosi
menej registrovanych evidujeme pri kategérii strednych §kol zameranych na sluzby oproti
predchadzajicemu rocniku, kde je pocet registrovanych 173 maturantov. Tito sut’aziaci pochadzaju zo
strednych $kol typu stredna odborna $kola a hotelova akadémia aich podiel na celkovom pocte
zaregistrovanych je 19,1 %. Skupina reprezentujica gymnazia — neekonomické zameranie s poctom 182
sut’aziacich a reprezentujica 20,1 % vsetkych prihlasenych ucastnikov.
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2 Individualne a Skolské kolo

Cielom individualneho kola bolo v casovom limite zodpovedat’ na otazky z oblasti testovania.
Individualneho kola sa zucastnilo 849 studentov strednych $kol. Na zaklade dosiahnutych vysledkov
nasledne do skolského kola postapili u€astnici s najvyssim poctom bodov.

Skolské kolo prebiehalo prostrednictvom online testu v prostredi Moodle od 21. do 22. marca 2023
v doobednajsich hodinach. Pocet ziacastnenych maturantov, ktorf sa prihlasili a aktivovali si tak svoje konto
pre potreby skolského kola na zaklade nami poslanych udajov predstavoval takmer 543 maturantov, ktori
postapili z individudlneho kola. Maturanti na zéklade zaclenenia do jednotlivych sut’aznych skupin
strednych $kol ekonomického zamerania, strednych $koél neekonomického zamerania a strednych $kol
zameranych na sluzby pristapili k vykonaniu online testu, ktorj obsahoval 25 otazok. Okruh otazok bol
tvoreny osobitne pre kazda skupinu sut’aziacich po konzultacii s nasimi kolegami na strednych skolach, aby
obsahovo zohladnioval obsah vyucovacicho procesu kazdej skupiny sut’aziacich. Na zaklade vysledkov
dosiahnutych v skolskych kolich budeme prezentovat’ vysledky jednotlivych skupin sut’aziach
v nasledovnej casti.

V kategorii stredné skoly ekonomického zamerania bol priemerny stav bodov, ktory bol dosiahnuty v tejto
skupine 65,5 bodov. Studenti dosiahli vynikajuce vedomosti v oblasti z uctovnictva a poznatkoch
o BEurépskej Unii.
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Graf. ¢. 2 Vysledky $kolského kola v kategorii ekonomické zameranie

Zdroj: viastné spracovanie podia vysledkov skolského kola

Sut’aziaci v kategérii neeckonomickych strednych $kol ziskali v priemere 74 bodov a vynikali v odpovediach
z oblasti Eurdpskej unie a logiky. Grafické znazornenie dosiahnutych bodov mézeme vidiet’ nizsie.
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Graf. ¢. 3 Vysledky $kolského kola v kategorii neekonomické zameranie
Zdroj: viastné spracovanie podia vysledkov skolského kola
Kategéria strednych $kol zameranych na sluzby ziskala v priemere 58 bodov. dosiahli dobré vysledky

v oblasti podnikového hospodarstva a ekonomickych tloh, pti ktorych bolo potrebné vyuzit’ matematiku a
logiku. Dosiahnuté body v kategorii reflektuje nasledujici graf.

120
100
80
60
40

20

0 10 20 30 40 50 60 70 80 90

Graf. ¢. 4 Vysledky $kolského kola v kategérii zamerania na sluzby

Zdroj: viastné spracovanie podia vysledkov skolského kola

Na zaklade vysledkov skolského kola sme dspesnym sut’aziacim podali informaciu o ich postupe na
celoslovenské kolo olympiady. Ostatnym tcastnikom sme pod’akovali a popriali vela §t’astia v ich d’alsom
stadiu.

3 Celoslovenské kolo

Celoslovenské kolo sa nekonalo fyzicky na Podnikovohospodarskej fakulte Ekonomickej univerzity v
Bratislave so sidlom v Kodiciach, ale sut’aziaci, ktorf postupili zo skolského kola vyplnili online test
z prostredia svojich domovov alebo strednych $kol..
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Celoslovenské kolo prebiehalo prostrednictvom online testu v prostredi Moodle 27. aprila 2022 od 8,00 do
17,00. Pri priprave online testov sme opdt’ vychadzali z obsahovej naplne vyucovacicho procesu na
jednotlivych strednych skolach, ktoré reprezentuju tri kategérie. Na zaklade vysledkov dosiahnutych
v celoslovenskom budeme prezentovat’ vysledky jednotlivych skupin sut’aziach v nasledovnej casti.

V kateg6rii strednych $kol ekonomického zamerania prvé a druhé miesto dosiahla Obchodna akadémia, vo
Vranove nad Topl'ou, druhé a tretie miesto Obchodna akadémia v Roznave. Celoslovenského kola v tejto
kategorii sa zucastnilo 58 finalistov, ktori dosiahli priemerny pocet bodov 63. Gratické znazornenie poctu
bodov sledujeme na nasledujucom grafe.
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Graf. ¢. 5 Vysledky celoslovenského v kategérii ekonomické zameranie
Zdroj: viastné spracovanie podia vysledko celoslovenského kola

V kategérii neekonomického zamerania strednych $kol sme na zaklade vysledkov online testu udelili
nasledovne: prvé miesto Gymnazium sv. Tomasa Akvinského a druhé i tretie miesto obsadilo Gymnéazium
Ludovita Stira v Trenéine. Celoslovenského kola v tejto kategorii sa zucastnilo 32 finalistov, ktori ziskali
v ptiemere 80 bodov. Grafické zndzornenie dosiahnutjch bodov, ktoré ziskali finalisti v kategorii
neekonomického zamerania demonstruje nasledujici graf.
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Graf. ¢. 6 Vysledky celoslovenského kola v kategorii neekonomického zamerania

Zdroj: vlastné spracovanie podla vysledkov celoslovenského kola
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V ramci poslednej kategdrie sme na zaklade dosiahnutého poctu bodov stanovili vit'azov, a to na prvom
a druhom mieste Hotelova akadémia v Presove. Na tretom mieste sa umiestnil §tudent zo SOS
Agrotechnickej v Moldave nad Bodvou. Celoslovenského finale sa zacastnilo 24 sut’aziacich, ktoti postapili
zo Skolského kola. Nie vsetci postupujuci sa celoslovenského finale aj zdcastnili. Grafické znazornenie

z{skanych bodov zobrazuje nasledujuici graf. Priemerny pocet bodov, ktory dosiahli finalisti v tejto kategorii
bol 71.
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Graf. ¢. 7 Vysledky celoslovenského kola v kategorii zamerania na sluzby

Zdroj: viastné spracovanie podia vysledkov celoslovenského kola

Vit'azom jednotlivych katego6rii budi odovzdané diplomy a pamitné trofeje, ktoré im budu pripominat’, ze
boli uspesnymi riesitel'mi Olympiady podnikovy hospodar.

Zaver

Cely proces ptipravy stvrtého ro¢nika Olympiady podnikovy hospodar sme brali ako systematicky proces,
ktorého jednotlivé casti na seba logicky nadvizovali. Pristupovali sme k nemu zodpovedne a snazili sme sa
urobit’ vSetko, ¢o bolo v nasich sildch, aby sme z Olympiady podnikovy hospodar vytvorili sut’az, ktora sa
etabluje na slovenskych strednych skolach. Vsetkym, ktotf sa akymkolvek spésobom zapoijili do priprav
vel'mi pekne d’akujeme.

Logickym vyustenim Olympiady podnikovy hospodar bolo celoslovenské kolo. Zucastnilo sa ho 114
najlepsich sut'aziacich v troch kategoériach, z ktorych vzisli vit'azi jednotlivych kategérii. Sut'aziaci
odpovedali na otazky z financnej gramotnosti, podnikovej ekonomiky, ekonémie, Eurépskej dnie a nduky
o spolocnosti.

Vel'mi sa tesime, ze uz po stvety krat sme dokazali zrealizovat’ individudlne, Skolské a celoslovenské kola
dalsicho roc¢nika Olympiady podnikovy hospodar. Velkd vd’aka pattl prave Vam, koordinitorom na
strednych $kolach a rovnako aj Vasim ziakom, s ktorymi sa dufam v novom akademickom roku stretneme
na PHF. Pevne verime, Ze sa v rovnakom pocte stretneme aj pri dalsich ro¢nikoch Olympiady podnikovy
hospodar.

Literattra

1. Registracné formuldare Olympidady podnikovy hospodar
2. Vysledkoveé listiny individudlneho kola

3. Vysledkové listiny skolského kola
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Uvod

Globélna ekonomika prechddza v ostatnych rokoch velkymi a najmi rychlymi zmenami, ktoré podporuje
rychly rozvoj technoldgil, najmid v oblasti informacnych technoldgii a digitalizacie vsetkych odvetvi
ckonomiky, co prinasa vel'a moznosti na ich rozvoj. Rovnako aj v oblasti obstaravania je digitalizacia stale
dolezitejsia, co ma za nasledok prechod na elektronické obstaravanie v sukromnom aj verejnom sektore.
Prechod na elektronické obstaravanie priniesol zvysenie transparentnosti a efektivnosti, avsak priniesol aj
mnoho problémov najmi v spojeni s dalsim zvySovanim efektivity procesov. Moznost'ou ako tuto
efektivitu zvysit’ mézeme néjst’ v informacnych technolégiach v podobe umelej inteligencie na predikciu
pomocou metéd rozhodovacich stromov alebo vyuZitim neurénovej siete. Co ak by si obstaravatel vedel
overit’ predbezny vysledok aukcie este pred jej zacatim? Co ak by si obstarivatel vedel upravit’ nastavenia
aukcie tak, aby dosiahol vys$siu dsporu, teda efektivitu aukcier Vsetko toto je mozné predikovat’ pomocou
umelej inteligencie s uréitou presnost’ou.

Hlavnym ciefom tohto vyskumu je vytvorit’ podklad pre buduci systém overovania aukcie obstaravatelom
este pred jej zaciatkom, ktory spociva v predikovani vybranych vysledkov na ziklade dat z minulych uz
uskutocnenych aukcii.

1 PouZité data a metédy

Predikcie vybranych premennych budeme skimat’ v prostredi elektronickych aukcii. Pracovali sme s
komercénymi datami. V testovanych datach sa nachadzaji najma 3 druhy aukcif:

e ERMMA — English Reverse Multi-item Multicriterial Auction (Anglicka Reverzna Multipolozkova
Multikritérialna Aukcia)

e NIPPON - Japonska aukcia
e RFx —Tender, predkladanie ponuk, zapecatend obalka
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Komerc¢né data pochadzaji od spolo¢nosti NAR z ich aukéného systému PROEBIZ, ktory patri medzi
najvicsie v strednej Eurdpe. Databaza obsahuje viac ako 30 tisic aukcif uskuto¢nenych medzi rokmi 2014 a
2019 pomocou viac ako 320 nakupcov najmi zo Slovenska a Ceskej republiky, ale aj z Chorvatska, Pol'ska,
Slovinska, Mad’arska a Rakuska. Pévodna databiza obsahovala viacero druhov aukcii, av$ak bola ocistend a
orezand. Na konci obsahovala iba tri typy aukcii — ERMMA, Nippon a RFx. Celkovy pocet aukcif sa znizil
na 25083.

1.1 Pouzité premenné

V ramci vyskumu sme pouzili desiatky premennych, ktoré vyjadrovali rozne metriky, vzt'ahy, kategorie,
nastavenia aukcie a d’alsie. Niektoré premenné sme uvadzali aj v binarnej sustave. Niektoré z tychto
premennych blizsie popiSeme.

Ukazovatel’ vykonnosti obstaravania

Za najznamejsi a najpouzivanejsi ukazovatel’ vykonnosti ako vo verejnom tak komerc¢nom obstaravani sa
povazuje uspora (Constantino et al., 2012; Bergman a Lundberg, 2013). Existuji aj nazory, kde
obstaravanie by sa nemalo hodnotit’ najma finanénou vykonnost’ou, ale napriklad kvalitou (Yuan et al.
2009), udrzatelnost’ou (Amann et al. 2014), inovaciami (Aschhoff a Sofka, 2009) alebo efektivitou celého
procesu (Rendon, 2008). Ako ukazovatel vykonnosti budeme v tomto ¢lanku pouzivat’ sporu.

V ramci procesu obstarivania existuje niekol’ko typov uspor. Standardny proces elektronickych
reverznych aukcif za¢ina nepovinnym krokom urcenia porovnavacej ceny. Tato cena sa urcuje na zaklade
predchadzajicich skasenosti, pripade prieskumom trhu, ak ide o novy tovar alebo sluzbu, alebo cenu nie
je mozné urcit’ na zdklade minulych aukcii. Pociato¢na faza vicsiny aukcif je v podobe zapecatenych
obalok, resp. tendra, v ktorom sa predkladaji prvé ponuky. Najnizsia ponuka medzi prvymi ponukami
spomedzi vSetkych ucastnikov sa nazyva vstupna cena. V pripade, ak aukcia nepokracuje druhym kolom je
vstupna cena aj vyslednou cenou. Ak vsak ide o viac kolovu aukciu, resp. nejde o tender tak nasleduje
aukéné kolo. Aukénych kol moze byt nieckolko. Vysledkom aukéného kola alebo aukénych kol je vit'azna
cena.

Celkova lspora

Porovnavacia cena Vstupna cena Vitazna cena

Tendrova dspora AukEna dspora

Obr. 1 Spésoby vypoctu uspor v aukcii

Zdroj: viastné spracovanie

Premenné poctu

Medzi tato kategériu spada niekolko premennych. Jedna z nich je pocet ucastnikov, ktora hovori o pocte
ucastnikov v aukcii. Hovorf o celkovom pocte tcastnikov prihlasenych do aukcie, teda aj tych, ktor
nepredlozili ziadnu ponuku. Nasledne, premenna pocet aktfvnych ucastnikov predstavuje pocet tcastnikov,
ktot{ sa do aukcie prihlasili a aktivne sa na nej zdcastiiovali. Toto ¢islo je vicsinou mensie ako pocet
Gcastnikov a len malokedy sa rovna poétu uéastnikov. Dalsou podstatnou premennou je pocet novych
ucastnikov, Co predstavuje pocet takych ucastnikov, ktori sa zapojili do aukcie prvy krat. Obdobnymi
premennymi je aj pocet poloziek, ¢o predstavuje pocet tovarov alebo sluzieb, ktoré boli predmetom aukcie.
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Premenné aktivity

Premenna numberofpricechanges predstavuje aktivitu ucastnikov v aukcidch. V literatire mézeme najst’
vzt'ah medzi touto premennou a poc¢tom tcastnikov, usporami, konkurenciou a taktiez transparentnost’ou.
(Larue et al. 2013) zistili vzt'ah medzi aktivitou a dsporou, kde vyssia aktivita v priebehu aukcie ma za
nasledok vyssie Gspory sposobené vyssou uroviiou konkurencie (Larue et al. 2013). Je to sposobené tym, ze
vys$si pocet bidov zvysuje agresivitu ucastnikov.

Premenné Casu

V praci pouzivame iba jednu ¢asovi premennu a to daitum ukoncenia, ktory predstavuje ditum ukoncenia
danej aukcie. Datum sa urcuje ako den, v ktory skoncilo posledné aukéné kolo, teda sa aukcia uzavrela a
nedali sa uz menit’ ponuky. V pripade tendrov je to datum do kedy bolo mozné predkladat’ ponuky. V
pripade aukcii ERMMA alebo NIPPON je to datum, kedy sa aukcia skoncila. Premennta pouzivame na
casové rozlidenie, ktoré moze mat’ vplyv na vysledky aukcii ako je to napriklad pri investi¢nych trhoch, kde
najvicsia volatilita je v piatok a najmensia v stredu (Liu, 2015).

2 Predikcia uspor

Na predikciu uspor budeme pouzivat’ niekol’ko réznych predikénych metéd pomocou programu IBM SPSS
Modeler. Kazda metéda nemusi byt” pouzitd pri kazdej vzorke z dovodu jej obmedzeni. Medzi pouzité
met6dy sme zaradili rozhodovacie stromy CHAID, XGBoost a neurénova siet’. Z pévodnej vzorky s vyse
28000 zaznamami sme vybrali len dplne zaznamy, teda tie, ktoré neobsahuji ziadne chybajice hodnoty. Aj
vo finalnej vzorke sa zachovali véetky typy aukcii s celkovym poctom 16217 zaznamov Pre ucely testovania
budeme pouzivat’ pomer trénovanej a testovacej vzorky 70:30. Cielovou, resp. predikovanou premennou
bola premenna ,,totalsavingsred®, ktora predstavuje celkovu usporu aukcie.

2.1 Pouzitie rozhodovacie stromu CHAID

Prvy model na zaklade rozhodovaciecho stromu CHAID s ciefovou premennou Totalsavingsred (Gspora).
Pouzili sme metddu exhaustive CHAID, pre vyssiu presnost’, ktory sa pozera na rozdelenie presnejsie a
viacnasobne ¢im presnejsie urci vplyv faktorov na vysledok obstardvania. Ako inputy boli pouzité vsetky
nastavenia aukcie, obstaravatel-dodavatel, typ aukcie, pocet zmien, pocet poloziek a pod. Kedze sme
celkovo pouzili 35 inputov, vznikol nim vel'mi rozvetveny, teda Siroky strom. Z vysledku sme zistili, ze
vyrazne najvacsi vplyv na uspory ma vyhlasovatel' (Obr. 2). Ostatné vstupy maji vel'mi mald vjznamnost’.
Zaujimavost’ou je, ze rozhodovaci strom urcil vyznamnost’ vyssiu ako 0,01 iba pre 7 premennych.

Predictor Importance

Target: Totalsavingsred
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Obr. 2 Analyza vyznamnosti premennych CHAID
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Na zaklade sumara vytvoreného cez analysis node (Obr. 3) vieme urcit’ presnost’ modelu pomocou linearnej
korelacie, z ktorej vytvorime R2 . Vysledkom je presnost’ 13,99%, ¢o nie je vysoka hodnota, avsak ide o
analyzu celkovej vzorky, bez rozdelenia typov aukcii a pod.

=] R_esults for output field Totalsavingsred
B Comparing $R-Totalsavingsred with Totalsavingsred

'Partition’ 1_Training 2_Testing|
Minimum Error -0,435 -0,517
Maximum Error 0,435 0,423

i | Mean Error -0,0 0,0
| Mean Absolute Error 0,08 0,085
Standard Deviation 0,112 0,119
Linear Correlation 0477 0,374
Occurrences 11 368 4 849

Obr. 3 Sumar vysledkov stromu CHAID

2.2 PouZitie neurdnovej siete (INN)

Rovnaky princip sme pouzili aj na neurénovu siet’ s rovnakou cielovou premennou a rovnakymi inputmi.
Pouzita bola jednomodelova multilayer perceptron metdda neurénovej siete, ktora vytvori iba jeden model.
Na zaklade analyzy vyznamnosti (Obr. 4) moézeme vidiet” vyrazny rozdiel prediktorov oproti
rozhodovaciemu stromu. Rozdiel medzi jednotlivymi prediktormi, resp. inputmi je pomerne maly, avsak
neurénova siet’ pocitala s vi¢sim mnozstvom prediktorov, kde kazdému pridelila aspon nejaka vyznamnost’.
Z toho mézeme vyvodit’, ze aj input s najmensou vahou alebo vyznamnost’ou ma v modeli vjznam. Na
obrazku nizsie (Obr. 4) je zobrazenych len 9 najvyznamnejsich premennych.

Predictor Importance

Target: Total savings red

No.patticipants

soutez.nakupce

poravnavacinabidkaEUR

pofadi.poloZky

poéetucastnikuv.sini

poloZky. podet.

pofadi.doxmista

Mo.active participants

Mo.new paricipants

| R RNR R RN

o

Obr. 4 Analyza vyznamnosti premennych pre neurénovu siet’

Vysledna presnost’ je ukdzand na nasledujicom obrizku (Obr. 5), ktord dosahuje 32,15% na testovacej
mnozine.
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B Results for output field Totalsavingsred
B-Comparing $N-Totalsavingsred with Totalsavingsred

'Partition’ 1_Training 2_Testing
Minimum Error -0,396 -0,348
Maximum Error 0,44 0,457
Mean Error -0,002 0,006
""" Mean Absolute Error 0,074 0,074
Standard Deviation 0,107 0,107
Linear Correlation 0,548 0,567
Occurrences 11 368 4 849

Obr. 5 Sumar vysledkov neurénovej siete

V ramci moznosti neurénovych sieti sme testovali aj moznosti boostingu a baggingu, ktorych princip
spociva vo vytvoren{ niekolkych vzajomne previazanych modelov, podl'a ktorych sa finalny model u¢i a to
s cielom zvysit’ stabilitu (bagging) alebo presnost’ (boosting) modelu. Problémom najmi pri boostingu je
v$ak overfitting, teda akési ,,preucenie alebo nespravne naucenie modelu. Tento jav nastava najmi vtedy,
ked’ sa model trénuje na trénovanej vzorke prili§ dlho alebo ked’ je prilis zlozity. V takomto pripade sa zacne
model ucit’ nepodstatné informacie, ktoré si nasledne zapamita, a tym sa vel'mi prisposobi trénovanej
mnozine a tak nie je schopny dobre zovseobecnit’ nové udaje. Vysledkom je nespravna predikcia na
testovacej mnozine, ¢o ma za nasledok vel'mi vysokd presnost’ na trénovanej mnozine a nizku na testovacej.

Model pouzity v tejto praci nie je extrémne narocny, avsak pouzité data si pomerne Specifické a objavuju
sa medzi nimi vyrazne extrémy, ktoré su vsak realne. Prikladom tychto extrémov je vel'mi velky rozdiel v
objemoch, abnormalne nastavenia aukcif a taktiez mozné rozdiely vo vyslednych asporach aukcif, kedZe sa
moze objavit’ aj niekol'’ko vel'mi podobnych aukcii s t6znymi vysledkami, ¢o moze byt’ relny vysledok alebo
aj vysledok neférového spravania, ktoré nie je v tejto faze vyskumu mozné oddelit’. Z vyssie uvedenych
doévodov sme sa rozhodli nepouzit’ metédy boostingu ani baggingu, ked’ze vysledky pri boostingu boli jasne
poznacené overfittingom v podobe vyraznych rozdielov v presnosti medzi trénovanou a testovacou
mnozinou (90% vs 10%) a v pripade baggingu boli viditelné priznaky overfittingu, najmi v podobe
vyraznych rozdielov v hodnotich chybovosti, resp. hodnote minimalnej a maximalnej chyby.

2.3 Pouzitie XGBoost stromu

XGBoost Tree je pokrocila implementacia algoritmu zosiliovania gradientu so stromovym modelom ako
zakladnym modelom. Posiliiovacie algoritmy sa iterativne ucia slabé klasifikatory a potom ich pridavaju do
konecného silného klasifikatora. Tato metéda vznikla v roku 2021 ako nadstavba beznych rozhodovacich
stromov a stoj{ za fiou spoloc¢nost’ IBM, ktora tato metédu zaradila do svojho programu IBM SPSS
Modeler. Vstupné premenné boli rovnaké ako v pripadne NN s vysledkami viditelnymi nizsie (Obr. 6). V
pripade trénovanej vzorky hovorime o presnosti 35,52 % a pri testovacej nieco cez 17,22%. Vysledky su
lepsie ako v porovnani so stromom CHAID, avsak horsie v porovnani s NN. XGBoost neobsahuje
podpornt analyzu, preto je nemozné urcit’ vyznamnost® jednotlivych prediktorov.

B Results for output field Totalsavingsred
-] Comparmg $XGT-Totalsavingsred with Totalsavingsred

"Partition’ 1_Training. 2_Testing
Minimum Error -2433 -2,361
Maximum Error 2,005 2126

: | Mean Error -0,428 -0,416
‘| Mean Absolute Error 0,607 0,606
Standard Deviation 0574 0,587
Linear Correlation 0,596 0,415
Occurrences 11 368 4 849

Obr. 6 Sumar vysledkov XGBoost
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3 Diskusia

Predikcie uspor na zakladnej, teda celej vzorke neukazali velmi vysoké drovne presnosti. Presnost’ sa
pohybovala v rozpiti od 14 do 35%, avsak hodnotu nad 30% sme dosiahli v testovacej mnozine iba pri NN
(Obr. 7). V trénovanych mnozinach XGBoost a CHAID mali vyssiu presnost’ oproti testovacim. Tieto
pomerne nizke presnosti mézu byt’ spojené najmi so spojenim dynamickych a statickych typov aukcii, ako
aj ich nastaveniami. Aukcie typu ERMMA a NIPPON st postavené na diametralne odlisnom sposobe
fungovania, ¢co moze mat’ za nasledok vyrazne znizovanie presnosti v pripade zmiesanych dat. Taktiez tieto
data obsahuju velké rozpitie napriklad v objemoch, ktoré sa pohybuji od niekolkych eur az po desiatky
miliénov.

Trénovacia Testovacia
CHAID 22,75% 13,99%
NN 30,03% 32,15%
XGBoost 35,52% 17.22%

Obr. 7 Vysledné presnosti pouzitych modelov

Zaver

V ¢lanku sme sa zamerali na predikciu uspor budicich aukcii na zaklade historickych dat uz dokoncenych
aukcif. Na predikciu sme pouzili tri rézne metddy, ktoré vykazovali rézne drovne presnosti, pricom sme
pouzivali redlne data, ktoré vsak boli zmiesané z roznych typov aukcif, co pravdepodobne zapricinilo
vyrazne znizenie presnosti. Najlepsie vysledky dosiahla neurénova siet’” MLP, ktora aj za danych okolnosti
vykazovala presnost’ viac ako 32%. Na zvysenie presnosti v budicnosti mozné upravit' data, napriklad
testovat’ ich len pre konkrétny typ aukcii, pripadne samotni premennd udspor kategorizovat’, a teda
nepokusat’ sa urcit’ presni hodnotu uspotry, ale iba pribliznd hodnotu, resp. kategériu do ktorej dand dspora

spada.

Vysledky uvedené v tomto Elinku boli vypracované za podpory projektu Agentiry na podporu
vyskumu a vyvoja v ramci projektu APVV-20-0608 Vyskum behaviorilnych vzorov v rozsiahlych
ditach verejného a komercného obstardvania s negativnym dopadom na vykonnost’ procesov
obstardvania
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Abstract

The presented paper compares the median and the
distribution of the ratings assigned at the primary
market to the IPOs of green bonds by the three largest
credit rating agencies. The examined sample is divided
into two same time periods, comparing two periods of
822 days. In total there are made analysis of 14,372
IPOs of which 952 is labeled as a green bond issue.
Using Mann-Whitney U and Independent Samples
Median  tests  there is found the evidence, that

conventional (no green) bonds and green bonds did not
show the same average ratings before and after the
COVID-19 pandemic. Results suggest that the median
credit rating assigned to green bonds has increased by at
least one rating point during the COVID-19, what is
not observed in the conventional bond IPOs.

Introduction

The market for bonds has seen a considerable explosion of "green bonds"-related issuers in recent years.
The first quarter of 2022 saw a total of USD 83.5 billion in green bonds included in the Climate Bonds
Green Bond Database (GBD), a decline of 38% from the first quarter of 2021 (Climate Bond Initiative,
2022). The factors that contributed to the decline in year-over-year counts of green bond issuances in 2022
may include events like the Russian invasion of Ukraine in February and the accompanying European energy
crisis, which affected the bond market's dynamics and made COVID-19 inflation even more severe. Rising
rates and excessive volatility caused a reduction in the issuing of bonds, and the market was rife with reports
of issuers canceling contracts at the last minute. Demand-driven inflation followed COVID-19 in the USA
and was predicted to be a reaction to monetary policy adjustments. Europe, on the other hand, faced supply-
led inflation, which was more challenging to manage. For comparison, the issuance of green debt
instruments increased more in the first half of 2021. Volumes during this period more than doubled to USD
227.8 billion from the first half of 2020, setting a record for any half-year period since the market's inception
in 2007, according to the Climate Bonds Green Bond Database. Credit rating agencies are companies that
assess the creditworthiness of borrowers, typically governments, corporations, or securities. Their primary
function is to provide investors with an independent assessment of the risk associated with a particular
investment.

The first credit rating agency was founded in 1909, and since then, the industry has grown significantly.
There are now several major credit rating agencies, including Moody's, Standard & Poor's, and Fitch Ratings.
One of the primary ways in which credit rating agencies operate is by assigning credit ratings to borrowers.
These ratings ate based on the agencies' assessments of the borrowet's financial stability and ability to meet
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its debt obligations. The highest credit rating is "AAA," which indicates the lowest level of risk. Conversely,
the lowest credit rating is "D," which indicates a default on debt payments.

Credit rating agencies use a variety of factors to assess a borrowet's creditworthiness, including the
borrower's financial statements, management quality, and the economic environment in which the borrower
operates. In addition to assigning credit ratings, credit rating agencies may also provide detailed reports on
the borrower, including information on its financial position, management, and business prospects.

There has been some criticism of credit rating agencies in recent years. One concern is that the agencies
may be biased in their assessments, either due to conflicts of interest or due to pressure from the borrowers
themselves. For example, some have argued that the agencies may be more lenient in their assessments of
large, financially powerful borrowers, in order to maintain a good relationship with them. Another concern
is that the credit rating agencies may not have sufficient expertise in certain areas, such as the assessment of
complex financial instruments. This can lead to inaccurate assessments and potential financial losses for
investors. One of the main criticisms of credit rating agencies is that they may be biased in their assessments.
For example, a study published in the Journal of Financial Economics found that credit rating agencies may
be more lenient in their ratings of firms that pay them higher fees (Gleason and McLeod, 2014). This raises
concerns about the independence of the agencies, as it suggests that they may be influenced by their financial
relationships with the borrowers they are rating. Another concern is that credit rating agencies may be
susceptible to conflicts of interest. For example, some credit rating agencies have been accused of giving
higher ratings to securities in order to win business from the issuers of those securities (SEC, 2011). This
can lead to inaccurate ratings and financial losses for investors who rely on these ratings to make investment
decisions.

There have also been concerns about the credit rating agencies' lack of expertise in certain areas. For
example, during the financial crisis of 2007-2008, credit rating agencies were criticized for their failure to
accurately assess the risk of mortgage-backed securities (SEC, 2011). This led to significant financial losses
for investors and contributed to the severity of the crisis. Overall, while credit rating agencies provide a
valuable service by assessing the creditworthiness of borrowers, it is important to be aware of the potential
limitations and biases of these agencies. Investors should consider using multiple sources of information
when making investment decisions, rather than relying solely on credit ratings. Despite these criticisms,
credit rating agencies continue to play a significant role in the financial industry. They provide investors with
an important source of information when making investment decisions, and their assessments are widely
used in the pricing of financial instruments.

1 Literature Review

The COVID-19 pandemic's breakout and spread have significantly changed the economic, financial, and
social landscape not just in the eurozone but also internationally. On March 18, 2020, the ECB promptly
responded by introducing a new temporary asset purchase program, called PEPP (Zaghini, 2021). The
creation of the new bond issuance under NextGenerationEU, which acts as a temporary tool to aid in
Europe's recovery from the COVID-19 epidemic and the creation of a greener, more technologically
advanced, and more resilient Europe with more than €800 billion, was the second significant response from
the European Commission (European Commission, 2022). In order to assist the global economy to become
more robust to the difficulties of the next decades, Banga (2019) claims that the green bond market offers
a new avenue for investors to help finance a transition to a new, low-carbon and sustainable economy. From
this vantage point, green bonds may be seen as a novel strategy for bridging environmental transformation
and the financial sector (Scholtens, 2017). A green bond is described as "any sort of bond instrument where
the proceeds will be exclusively utilized to finance or re-finance, in patt or in full, new or/and existing
approved green projects” by the International Capital Markets Association ICMA) (ICMA, 2018).

Therefore, all of the aforementioned schemes might be seen as sparks that encourage the issuing of green
bonds on a higher scale than in the years before the epidemic. However, there was a "huge surge" in the
market for green bonds even before the previously mentioned instruments, the PEPP and the
NextGenerationEU. The green bond market just began to take off in 2013, but since then, it has grown
significantly (Wang et al., 2020). Green bonds are also thought to be the most often utilized product among
institutional investors in terms of fixed-income investments due to their market capacity to be publicly
traded and their safety (NNIP, 2022).
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Investment in novel ideas and developing technologies, such as renewable energy, is encouraged through
"oreen money," also known as sustainable funding (Jones, 2015). The financial system will be strongly
dependent on such an acceleration of investments in environmentally friendly energy and technologies. A
green bond is a relatively new financial instrument for allocating cash to green initiatives, and it could be
able to allow some of the increasing investment required for environmentally friendly energy and
technologies (Torvanger et al., 2021). We now have decades of experience with the main tactics used in the
financial sector to better match money flows with social, ethical, and environmental objectives. The 1970s
are when modern ethical and environmental investing first emerged (Friede et al., 2015; Naidoo, 2020). A
study published in the Journal of Banking and Finance found that green bonds tend to have higher credit
ratings than traditional bonds (Gammeltoft & Weidema, 2018). This may be due to the fact that green bonds
are often issued by governments or large corporations, which tend to have stronger credit profiles. In
addition, the projects financed by green bonds may be less risky than traditional projects, as they are typically
focused on environmentally friendly initiatives that have long-term benefits. In the wake of the pandemic
crisis, green bonds might act as a sustainable alternative tool to revive the world economy. As a result,
governments everywhere may use funds from their stimulus packages to fund green projects that will help
them revive their economies without compromising the low-carbon transition goals outlined in various
programs like the Paris Agreement and the Sustainable Development Goals (Arif et al., 2022). According to
Sachs (2015), using green financial instruments can help create a more environmentally friendly world.
Financial intermediaries and markets developed financial products as a result of the process, such as green
bonds, green home mortgages, green loans for commercial buildings, environmental home equity programs,
"go green" auto loans, small business administration express loans, and climate credit cards.

In research conducted by Baldi and Pandimiglio (2022), predictions indicated that investors are likely to
accept lower returns in exchange for helping to finance infrastructure projects that have a greater impact on
the sustainability of target communities or territories and that they need higher premia as compensation
when they are exposed to a greater risk of greenwashing by issuers. At the corporate level, the danger of
greenwashing is greater among manufacturing (as opposed to service) enterprises, but it is more obvious in
the finance industry. Local governments may find it more difficult to implement greenwashing methods at
the public level than multinational or sovereign issuers since the latter can avoid investor regulations due to
their greater distance from communities.

Global credit rating agencies (CRAs) play a crucial role as the market's gatekeepers for debt L. In the last 20
years, as financial systems have become more linked and more businesses have sought funding
internationally, the demand for their ratings has grown at an unprecedented rate. Although several ratings
may be gained for a variety of reasons, regulatory certification is found to be the most often in the literature
currently available (e.g.: Bongaerts, Cremers and Goetzmann, 2012; Chen and Wang, 2021). Investors
typically only need one or two ratings, although issuers often receive many ratings (Baker and Mansi, 2002).
Both Moody's and Standard and Poort's (S&P) grade the majority of significant U.S. corporate bonds, with
the lower rating being chosen for bond categorization (Bongaerts et al., 2012). The rating of a bond is instead
decided by the middle rating offered by the three CRAs since the Lehman Brothers index began using Fitch
as a third rating agency to evaluate the rating classes of bonds in 2005. (Chen and Wang, 2021).

The increase in international bond issuances and cross-border investment has also contributed to the global
CRASs' geographic expansion and market domination since ratings from global CRAs have become an
implicit need for enterprises wishing to access a large investor pool. It should come as no surprise that the
market dominance of the major CRAs has become the subject of regulatory changes all over the world, and
authorities make a significant effort to entice new CRAs to enter the market (Hung et al., 2022).

2 Methodology

In the research part of the presented paper, there is performed an analysis of bonds’ ratings given by the
three biggest rating agencies (Moody’s, Standard and Poor’s, and Fitch) for every IPO. As long, as there is
no given rating for every listed IPO, it is necessary to modify the examined samples and analyze only the
observations with a given rating by at least one of the three mentioned rating agencies. After selecting the

! The term global rating agencies describes the three biggest credit rating agencies with the largest market share:
Standard and Poor’s (S&P), Moody’s, and Fitch.
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bonds with a given rating, it is needed to carry out the linear transformation of the assigned rating as there
are no similar ratings for rating companies, as they are slightly different.

A linear transformation is made in ascending order, meaning that the best ratings (AAA, Aaa) were assigned
the value of 1, and the worst (CCC+, Caa3) were given the value of 19, covering all the possibilities of
assigned rating to IPOs by rating agencies in the studied sample. This part of the analysis compares the
differences. Table 2 shows tested hypotheses in relation to assigned ratings by rating agencies Moody’s,
Standard and Poor’s, and Fitch). Hypotheses 1.1 - 1.6 test if the distribution and medians of ratings assigned
by rating agencies are the same across two examined groups of bonds in the period 2017-2020. Hypotheses
2.1 - 2.6 are testing if the medians and distribution of given ratings are the same in the period 2020-2022.

The whole sample is divided into two subsamples a, b. Every subsample covers the timespan of the 822
calendar days. Subsample a covers the time period from November 29th, 2017 to February 28th, 2020 (561
working days), while containing 4,584 observations. Subsample b covers the period from March 1st, 2020,
until May 31st, 2022 (563 working days). Subsample b contains 9,788 observations.

2.1 Methods used and tested hypotheses

In both samples, there are used non-parametric tests: the independent sample median test and the Mann-
Whitney U test. According to the results of non-parametric tests, it is possible to compare the median values
and distribution of two groups of bonds. In this case, the compared group variable is called “green”, with
value 0 stating: “no green bonds”. Value equaled to 1: “green bonds”. The formulation of the Mann-Whitney
U test leads to assumptions: (Pratt, 1964)

e All the observations from both groups are independent of each other,

e the responses are at least ordinal (it is possible to compare if any of the two observations is greater),

e Under the null hypothesis HO, the distributions of both populations are identical.

After comparing the mean scores with a Mann-Whitney U test, it is necessary to know if the median scores
are equal. A median test will answer the question by testing the null hypothesis that the population medians
for groups of the green and “no green bonds” are equal for each examined vatiable. For both groups in
both subsamples, there is a tested relation to selected variables, describing the elementary parameters of the

bond.

Table 1 The list of the tested hypotheses — ratings of green bonds.

Hypothesis Tested relation of the null hypothesis Tests used
H1.1-H1.6 The medians and distribution of ratings are the same
across categories of bond groups. Independent-Samples Median Test
H2.1-H2.6 The medians and distribution of ratings are the same Independent-Samples Mann
_ Whitney U Test
across categories of bond groups.

Source: Authors® processing.

3 Results

The counts of bond IPOs in the examined subsamples are summarized in Table 2. In the subsample a before
the COVID-19 pandemic, there were issued 4,584 bonds in aggregate. 4,399 bonds were not marked as
“green” at the IPO. While 185 bonds (4%) were marked as green bonds.

Table 2 Count of bond IPOs between November 29th, 2017, and May 31st, 2022

Bonds type / Period | 2017 - 2020 | 2020 - 2022
No green bonds 4,399 9,021
Green bonds 185 767

Source: Anthors’ processing.
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In the period after the COVID-19 breakout studied subsample b contains 9,788 bonds, of which 9,021 are
not marked as green, while 767 (7.84%) bonds are labeled as green bonds. According to the counts, it is
possible to state the total number of bond IPOs has increased by 53.17% during the COVID-19 period,
while the market of green bonds has shown growth of 414.59% during the same period.

Two major findings from the elementary descriptive statistics about ratings are associated with the
decreasing relative count of green bonds with High Investment Grade (HIG), and the increasing amount
of green bonds with not given ratings of IPO from any of the big three credit rating agencies. Decreasing
the relative count of HIG is also represented by the higher median value of the assigned rating. In the case
of Moody’s, the change by two rating points means that the median value of the rating has decreased from
Al to A3. To compare the rating development of the green bond IPOs in selected periods, there is also the
comparison with the ratings of no green bond IPOs, which serves as a baseline.

Table 3 Counts of green bonds rated by rating agencies. The number of High Investment Grade Green
Bonds (HIG). The median value of credit rating. Count of the Not rated bonds (NR).

| Sample 2017 - 2020 Sample 2020 - 2022

Moody’s St.&P. Fitch Moody’s St.&P. Fitch

N 158 151 110 617 584 394

Count of 156 144 104 576 532 355
(%) (98.7%) (95.36%) (94.55%) (93.35%) (91.10%) (90.10%)

Median 5 6 6 7 7 7

NR 27 34 75 150 183 373

(%) (14.59%) (18.38%) (40.54%) (19.56%) (23.9%) (48.63%)

Source: Authors’ processing.

According to the results presented in Tables 3 and 4, it might be concluded that there are some significant
differences. Similatly, to the IPOs of the green bonds, the relative count of the HIG has decreased through
the period of the COVID-19 pandemic, but the relative change (-1.77%) has not been as high as in the case
of the green bonds (-4.69%). In the case of the median value of the rating, no green bond IPOs has not
shown such changes in the median value as green bond IPOs. The median value of 8 stands for Moody’s
scale for the rating Baal. Another finding is that not rated bond IPOs (NR) have increased in a lower relative
count. While the relative change of the green bond IPOs was at the level of +6.19%, in the no green bond
IPOs the relative change reached +1.30%.

Table 4 Counts of no green bonds rated by rating agencies. The number of High Investment Grade Bonds
(HIG). The median value of credit rating. Count of the Not rated bonds (NR).

| Sample 2017 - 2020 Sample 2020 — 2022

Moody’s St.&P. Fitch Moody’s St.&P. Fitch

N 3,792 3,670 2401 7,740 7714 4.423

Col_‘flné"f 3112 3,011 2121 6,245 6,191 3812
06) (82.07%) (82.04%) (88.34%) (80.68%) (80.26%) (86.19%)

Median 8 8 7 8 8 7

NR 607 729 1,008 1,281 1,307 4,598

(%) (13.80%) (16.57%) (45.42%) (14.20%) (14.49%) (50.99%)

Source: Authors’ processing.

In Table 5 there are shown the results of tested hypotheses presented in Table 1, statistical tests' median
and distribution of ratings by rating agencies across the groups of no green and green bonds. Results from
table 5 are in line with the previous results and findings in the tab. 3 and tab. 4. It is possible to reject the
null hypotheses, with exception of the median and distribution of ratings assigned by agency Fitch in the
period 2020-2022 (H2.5 and H2.6). In the case of the other two credit rating agencies, it is not possible to
reject the null hypotheses, and it might be stated, that the median value is not the same in both examined
groups.
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Table 5 Hypothesis Test Summary — Before COVID-19. Asymptotic significances are displayed in the
significance statistics. The significance level is set to .050. a stands for Yates’s continuity corrected
asymptotic significance.

Hypothesis Sig. Decision Hypothesis Sig. Decision
H1.1 .000? Reject H2.1 .0002 Reject
H1.2 .000 Reject H2.2 .000 Reject
H1.3 .000? Reject H2.3 .000? Reject
H1.4 .000 Reject H2.4 .000 Reject
H1.5 .0062 Reject H2.5 5282 Retain
H1.6 .005 Reject H2.6 215 Retain

Source: Authors’ processing.

The major finding from this part of the analysis is that the gap between conventional — no green bonds, and
bonds labeled as green has been reduced (Table 3, 4). While in the period before the COVID-19 pandemic,
the median rating difference was in the range of one to cither three rating points, in the period after the
pandemic break out the difference is at the level of one rating point in the case of Moody’s and Standard
and Poors. While speaking about the Fitch agency, the median value is the same either for conventional, or
green bonds, but these results were not confirmed by statistical significance (Table 5).

Conclusion

In the presented paper the differences in credit ratings from Moody’s, Standard and Poor’s, and Fitch were
analyzed. As was the case with the parameters, the ratings of IPOs by these agencies served as a benchmark
to compare the evolution of the ratings of conventional (no green) bonds. Again, it can be concluded that
green bonds are closer to conventional bonds in terms of the nature of their ratings or their median value.
In the case of green bonds, however, there is a deterioration in the median rating by two rating points
(Moody’s) and one rating point (Standard and Poor’s, Fitch). The differences in median values and
distributions were also confirmed for the observations of the ratings given by Moody’s and Standard and
Poor by statistical significance of the Mann-Whitney U test and the Independent Samples Median test. For
conventional bonds, there was no evidence of deterioration in the quality of the issues with respect to the
median value of the ratings of the IPOs. In the case of green bonds, it might be stated, that the increase in
emissions might be accompanied by a worsening of the overall quality of the whole market of green bonds.
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Uvod

Abstract

The aim of this paper is to demonstrate the use of
survival analysis to analyse the impact of gender on the
duration of unemployment (i.e. the time from losing a job
to finding it again). Unemployment is a global problem
that has a negative impact on the economy, society and
individuals. A number of macroeconomic as well as
microeconomic factors affect the reemployment process,
but in the present paper we will only discuss the impact
of gender. To meet the objective presented, we will use
Statistical methods that examine the time to the
occurrence of a pre-specified event - non-parametric
survival analysis methods. The survival function in this
case represents the probability that the subject will not
[find a new job within a certain time. The Kaplan-Meier
estimator is used to estimate survival functions based on
gender, and the log-rank test, Peto-Pet test, Wilcoxon
test, Fleming-Harrington test, and Tarone-Ware test
will be used to compare individual survival curves. At
the end of the paper, a comparison of the different fests
and the selection of the most appropriate one is presented.

Analyza prezitia poskytuje vhodné metédy pre vypocet €asu nastatia pozorovanej udalosti, resp.
pravdepodobnosti, ze udalost’ v danom ¢ase nastane ako aj sledovanie priebehu a intenzity vyskytov
udalosti. Rovnako poskytuje vhodné metédy pre analyzu vplyvu réznych premennych na tento ¢as prezitia.
Je dolezité poznamenat’, ze v analyze prezitia hovorime o pravdepodobnosti prezitia urcitej skupiny
subjektov s rovnakymi znakmi. Tieto Statistické metdédy nachadzaju svoje uplatnenie najmi v medicine,

€

pidémiologii, demografii ale aj v ekonémii.

Ciel'mi analyzy prezitia st:

Odhad a interpretacia funkcie prezitia a rizikovej funkcie.

Porovnanie dvoch alebo viacerych funkcif prezitia alebo rizikovych funkeii.

Skdmanie vzt'ahu medzi vysvetl'ujucimi premennymi a dobou prezitia.
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Cas prezitia predstavuje pocet ¢asovych jednotick (dni, tjZdne, mesiace, roky...) zdola ohrani¢eny zaciatkom
pozorovania a zhora ohrani¢eny nastatim pozorovanej udalosti (pozitivnej alebo negativnej) alebo
ukoncenim pozorovania. V nasom pripade, ¢as nezamestnanosti je zdola ohraniceny stratou zamestnania
a zhora ohrani¢eny najdenim si nového zamestnania. Udalost’ou v analyze prezitia rozumieme napriklad

smrt’, vyliecenie sa z choroby, zlyhanie stroja, storno poistnej zmluvy alebo najdenie si nového zamestnania
atd’.

Vyhodou metéd analyzy prezitia oproti inym Statistickfm metédam je moznost’ analyzovania aj
cenzorovanych dat, teda takych dat, kde chyba urcita informacia o hornom, dolnom, pripadne intervalovom
ohraniceni hodnoty ¢asu prezitia. Najcastej$Sim typom cenzorovania vyskytujucim sa v analyze prezitia je
cenzorovanie sprava, t. j. u skimaného subjektu nenastala pozorovana udalost’ v ¢ase pozorovania a teda
nemodzme pri tiom hovorit’ o ¢ase prezitia ale o ¢ase cenzorovania. T4to situdcia moze nastat’ ak subjekt je
aj po konci pozorovanej doby stile nazive alebo z vyskumu odisicl a nemime o fiom dalsie informacie.
Dal$imi typmi cenzorovania si: cenzorovanie zlava alebo intervalové cenzorovanie. Detailnejsi popis
jednotlivych typov cenzorovania je mozné najst’ v literatire napr. Moore (2016).

Cas prezitia je vo vicsine pripadov tazko opisatelny nejakym danjm pravdepodobnostnym rozdelenim.
Preto vznikla potreba vynajst’ také metddy vypoctu pravdepodobnosti prezitia, ktoré nevyzaduju ziadne
predpoklady o rozdeleni ndhodnej veli¢iny ¢as prezitia — neparametrické modely. V predlozenom prispevku
bude pozornost’ venovana Kaplan-Meierovmu odhadu funkcie prezitia. Pri porovnavani prezitia dvoch
skupin pricom tieto skupiny sa odlisuju iba jednym znakom je postacujuce pouzit’ Kaplan — Meierov odhad
prezitia nasledovany Statistickym testovanim (napr. log-rank testom). Autori Grana a kol. (2002) vo svojej
publikacii porovnavaji dve skupiny pacientov — liecenych a neliecenych novou metédou radioimunoterapie
pti liechbe zhubného niadoru mozgu. Porovnavané si dve Kaplanové-Meierové krivky prezitia long rank
testom. Liecena skupina ma znacéne vyssiu pravdepodobnost’ prezitia rovnako ako aj priemernd dizku
prezitia ako neliecena skupina pacientov. V oblasti rieSenia ekonomickych problémov je jednym z vyuziti
analyzy prezitia skimanie ¢asu od straty zamestnania po ¢as najdenia (navratu do) nového zamestnania.
Autorsky kolektiv Cabla a Mala (2017) skimaji vplyv na dlZku nezamestnanosti v Ceskej Republike na
zaklade pohlavia a vzdelania regresnym modelom s vysledkom, Ze muzi maja kratsf cas ndjdenia si nového
zamestnania ako zeny a so zvySujucim sa stupfiom vzdelania sa doba nezamestnanosti znizuje.

Ciel'om tohto ¢lanku je demonstrovat’ vyuzitie neparametrickych metéd analyzy prezitia na analyzu vplyvu
jednej premennej - pohlavia na dlzku nezamestnanosti.

1 Kaplanov-Meierov odhad funkcie preZitia

Nech T je nezaporna ndhodnd premennd vyjadrujica cas do nastatia vopred znamej udalosti, ¢i uz pozitivnej
alebo negativnej (smrt’, vypuknutie choroby, vylieCenie z choroby, nastatie poistnej udalosti, najdenie
zamestnania atd’.). Kazdy i -ty subjekt je teda opisany parovou premennou (Uj, §;), kde §; vyjadruje
indikator cenzorovania, ktory nadobuda hodnotu 1 ak udalost’ nastane u daného pozorovania a 0 ak
pozorovanie cenzorujeme. Premenna U; vyjadruje ¢as prezitia T; alebo ¢as cenzorovania Cj.

Funkcia prezitia vyjadruje pravdepodobnost’, ze subjekt prezije ¢as t (napriklad t rokov, mesiacov, dni...), t.
j. u subjektu nedoslo do ¢asu t k udalosti a k udalosti déjde az po uplynuti tohto ¢asu. Funkciu prezitia
definujeme ako

SW)=PT>t)=1—-Ft)=1-P(T<?) 6))

Vlastnosti funkcie prezitia (Soltésova, 2019):
e 5(0) =1 - pravdepodobnost’ prezitia v ¢ase 0, teda na zaciatku vyskumu je 100 %. Vsetky subjekty,
ktoré v ¢ase t = 0 vosli do vyskumu su nazive.

. tlimS (t) =0 — znamena, ze vSetky subjekty po uréitom case podlahnt skimanej udalosti.
-0

Pravdepodobnost’ prezitia subjektov sa so zvySujicim sa ¢asom t blizi k 0.
e Funkcia prezitia je monoténnou nerasticou funkciou premennej £, 0 < t < oo,
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Predpokladajme, ze u subjektu v c¢ase t nenastala skimana udalost’ a teda tato udalost’ nenastala ani v
jednom z casov tq,ty,..., t, za podmienky, ze t; < t, <...< t,. Potom pravdepodobnost’ prezitia do
casut je

SW=PT>t)=P(T>t AT>t, A..AT>t,) =
= P(T > t4|T > to)P(T > t;|T > t1) ... P(T > t,|T > t,,_1)
=P(T > t))P(T > t,|T > ty) ... P(T > t,|T > t,,_1) )

Odhad pravdepodobnosti prezitia P (T > tle > tj_l) do l'ubovolného ¢asu t; je
n =4

Tj ©))

P(T>¢|T>ti1)=p;=

kde 17 predstavuje pocet subjektov v riziku v case ¢; a d; je pocet subjektov, u ktorych doslo v case t; k
udalosti.

Potom bodovy Kaplanov-Meierov odhad funkcie prezitia ma tvar

R A R rn—dirp—d, 1m-—d R
S(t) = P1pz . Pn = ---nr "= np,:
n

T T;
1 2 jitjst
1 —d; d;
= | | J T _ | | (1 - _J>
T Ti
J J
tjst tjst @
Nech péarova premenna (U;; 8;), i = 1,2, ...,n opisuje stbor ¢asov prezitia a predpokladajme, ze existuje

k diskrétnych casov kedy doslo k jednej alebo viacerym udalostiam, pricom t; < t; <...< tg. Potom
pocet subjektov, u ktorych doslo k udalosti je

]

Pocet subjektov, ktoré st v ¢ase tj nazive je

rj=ZI(Ul- > t)) ©

Pocet ¢asov prezitia, ktoré boli cenzorované v ¢ase t; je

Pre pocet subjektov v riziku v ¢ase t; plati

T = T-1 T o1 T G ®)

2 Porovnavanie kriviek preZitia

Pri skimani zavislosti urcitej diskrétnej vysvetlujicej premennej na funkciu prezitia sa pri neparametrickych
odhadoch postupuje tak, ze si datovy subor rozdelime na skupiny s rovnakou hodnotou tej danej
vysvetlujucej premennej, nasledne sa odhadne funkcia prezitia pre kazdu skupinu zvlast’ a nakoniec sa
statisticky otestuje ich zhoda. Klasické Statistické testy nie je vhodné pouzit’ pretoze sa nevedia vysporiadat’
s neuplnymi (cenzorovanymi) pozorovaniami.

V tejto casti publikicie budd predstavené najpouzivanejsie Statistické testy ako log-rank test, Peto-Petov
test (Peto a Peto, 1972), Wilcoxonov test (Wilcoxon, 1945), Fleming-Harringtonov test (Harrington a
Fleming, 1982) a Tarone-Wareov test.
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2.1 Log-rank test

Je neparametrickd metéda, ktora testuje zhodu ¢asu prezitia medzi viacerymi skupinami. Niekedy byva
oznacovany ako Mantel-Coxov test (Cox 1972, Mantel, 1966) ¢i Cochran-Mantel-Haenszelov test.

Uvazujme k skupin s prislichajicou funkciou prezitia, potom na ich porovnanie formulujeme nulovt a
alternativnu hypotézu:
Ho: §1(8) = S3(t) = - = S (t)

H;: aspon jedna funkcia je rozdielna

Nech 0y je skutoény (observed) pocet subjektov, ktoré zaznamenali udalost’ zaujmu v [-tej skupine (I =
1,2,..., k) a E} je o¢akavany (expected) pocet udalosti v [ -tej skupine potom vypocet testovacej Statistiky ma
tvar

k
2 ~ (Ol - El)z
X log-rank = E
=1 L

Testovacia $tatistika ma asymptoticky chi-kvadrit rozdelenie s (kK — 1) stupniami vol'nosti. Vel'ké hodnoty
testovacej Statistiky napovedaju k odmietnutiu nulovej hypotézy a naopak malé hodnoty testovacej Statistiky
k prijatiu nulovej hypotézy. Log-rank test je mozné pouzit’ na porovnanie dvoch, ale aj viacerych funkcii
prezitia. Vypocet exaktnej testovacej Statistiky pre viac ako dve skupiny je vel'mi naroény, av§ak vypoctova
technika s tym nema ziaden problém (Lee, 2004).

)

Predpokladajme, Ze porovnavame iba dve funkcie prezitia, t. j. testujeme nasledujice hypotézy

Ho: S, () = S2(¢)
Hy: $1(8) # S(t)
Ocakavany pocet nastati udalosti zaujmu ur¢ime ako (pre m r6znych casovych bodov)

m m
d;
Fi=) ey=) my
Tj

=1 =1 (10)

~.

kde 73; st pocty subjektov v riziku pre kazda skupinu, d; je celkovy pocet udalosti a 7; je celkovy pocet
subjektov v riziku.

Skutocny pocet nastati udalosti urcime ako

m
01 = Z dl]
j=1

m
ririd; (17 —d;
VaT(Oz_Ez)=Z 1 221 ]<] J>

& on? o \n-1

(11)
A plati, ze

(12)

kde 7y ; je pocet subjektov v riziku v prvej skupine a 1 j je pocet subjektov v riziku v druhej skupine. Potom
testovacia Statistika log-rank testu ma tvar
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Ak uvazujeme dve skupiny, potom testovaciu $tatistiku porovnavame s chi-kvadrat rozdelenim s jednym
stupfiom vol'nosti (leog—rank ~ x2(1)).

2.2 Alternativy k log-rank testu

Medzi alternativy k log-rank testu (oznacované aj ako vazené log-rank testy) patri Wilcoxonov test, Tarone-
Wareov test, Peto-Peto test a Fleming-Harringtonov test. Log-rank test dava rovnakd vahu vsetkym
ciastocnym rozdielom dj; — e;j. Avsak vazené testy davaju kazdému rozdielu int vihu w(t;) v roznych
¢asoch prezitia t;. O tom, ktorym rozdielom sa daji vyssie resp. mensie vahy, rozhoduje vyber testu.
Niektoré testy davaju vyssie vahy pociatocnym ¢asom prezitia a niektoré naopak kone¢nym ¢asom prezitia.
Vdaka tomu mézeme tieto testy pouzit’ aj na datach, kde je poruseny predpoklad proporcionality rizikovych
funkcii.

Testovacia $tatistika vazenych log-rank testov ma tvar (uvedieme pripad pre porovnanie dvoch kriviek
prezitia)
2
,  __ERaw(dy —ey))
X test = m Md: — e
var(Z7L, w(t)(dy — ey)) )

V nasledujucej tabulke (Tab. 1) st uvedené vahy pouzivané v jednotlivych testoch.

Tab. 3: Testy na komparaciu funkcii preZitia s ich vihami

Meto6da testovania Viha w(t;)
log-rank test 1
Wilcoxonov test 7
Tarone-Wereov test Jr
Peto-Petov test S(t;
Fleming-Harringtonov test S(t]-_l)ffJ . [1 - §(t]-_1)]q

Zdroj: vlastné spracovanie podla Kleinbanm a Klein (2072)

Wilcoxonov test a Tarone-Wereov test kladt vyssiu vahu rozdielom v pociatocnych ¢asoch ako rozdielom
v kone¢nych ¢asoch (pretoze pocet subjektov v riziku 7; je na zaciatku vyskumu vyssi ako na konci).
Podobne aj pti Peto-Petovom teste, kde sa za vahu povazuje funkcia prezitia spolo¢na pre vsetky skupiny v
case t;, sa kladie vyssi doraz na rozdiely d;; — e;; v pociatocnych casoch. Pri Fleming-Harringtonovom
teste sa kladie d6raz na funkciu prezitia pre predchadzajuci ¢as t;_;. Okrem toho obsahuje este parametre
paq (p,q = 0), pomocou ktorych vieme zvolit’ na ktoré ¢asové obdobie bude kladeny vyssi doraz. V
pripade, Ze tieto vahy su nulové, tak z Fleming-Harringtonovho testu dostaneme klasicky log-rank test. Ak
p =1 a q = 0 maju najvicsiu vahu rozdiely v pociato¢nych casoch prezitia a ak p =0 a ¢ = 1 majd
najvicsiu vahu rozdiely v koncovych ¢asoch prezitia. Vyber vhodného testu sa realizuje najmi na zaklade
toho ako velmi predpokladime, ze je narusena nulovd hypotéza. Vo vSeobecnosti by tieto testy mali dat’
vel'mi podobné vysledky. Niekedy vzhl'adom na typ stadie je vhodné pouzit’ jeden vybrany test na zaklade
jeho vah (napr. ak predpokladame $tudiu, kde st subjekty viac vystavené riziku na zaciatku $tudia je vhodne
pouzit’ tie testy, ktoré davaju vicsiu vihu rozdielom d;; — e;jna zaciatku $tadie).

3 Analyza vplyvu pohlavia na diZku trvania nezamestnanosti

Zvoleny datovy subor opisuje 452 subjektov, ktotf prisli o svoje zamestnanie. Data pochadzaju z roku 1993
z USA (Romeo, 1999). U 256 pozorovani doslo k sledovanej udalosti — najdenie si zamestnania a u 197
pozorovani sledujeme ¢as cenzorovania (predpokladajme, ze vSetky Casy s cenzorované sprava). Pomer
zien (210) a muzov (242) je priblizne rovnaky a je vyobrazeny na Obr. 1.
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Premenna pohlavie

® Zena W muZ

Obr. 1: Pomer pozorovani na zaklade premennej pohlavie

Zdroj: viastné spracovanie

Funkcie prezitia vzhladom na premennd pohlavie odhadneme na zdklade vzt'ahu (4). Vysledky
Kaplanovho-Maierovho odhadu funkcie preZitia st uvedené v Tab. 2 v stipcoch oznacenych S(t) zvlase
pre zeny a zvlast’ pre muzov. Pravdepodobnost’ opdtovného nédjdenia si zamestnania v jednotlivych ¢asoch
je uvedena v stipcoch 1 — S(¢).

Tab. 2: Funkcie preZitia v zavislosti od pohlavia

Cas preZitia t Zeny Muzi
v diioch S() 1-5() S 1-S()

0 0.9952 0.0048 0.9959 0.0041

1 0.9095 0.0905 0.938 0.062

7 0.7017 0.2983 0.6966 0.3034
10 0.6211 0.3789 0.6357 0.3643
15 0.5371 0.4629 0.5521 0.4479
20 0.4275 0.5725 0.5148 0.4852
30 0.3672 0.6328 0.4332 0.5668
50 0.3442 0.6558 0.3263 0.6737
60 0.2104 0.7896 0.2741 0.7259
90 0.2104 0.7896 0.1827 0.8173
112 0.0526 0.9474 0.0548 0.9452

Zdroj: viastné spracovanie

Z tabulky je zrejmé, Ze muzi maju od prvého tyzdna vo vSeobecnosti rovnaku Sancu si opdtovne najst’
zamestnanie ako zeny (ich funkcia prezitia v niektorych ¢asoch je nizsia ako u zien, takze pravdepodobnost’
ze u nich nenastane sledovand udalost’ - zamestnanie sa, je nizsia oproti tej istej pravdepodobnosti u zien
a v injch ¢asom je presne naopak pravdepodobnost’ ndjdenia si zamestnania pre Zeny vyssia). Zeny su viak
uspesnejsie v ndjdeni zamestnania hned’ prvy defl nezamestnanosti (9 % zien) oproti muzom (6 %). Po
prvom tyzdni sa rozdiel medzi funkciami prezitia oboch pohlavi takmer odstrani z ¢oho vyplyva, Ze priblizne
rovnako zien ako aj muzov si naslo do tohto ¢asu nové zamestnanie (29.83 % zien a 30.34 % muzov).
V prvom mesiaci nezamestnanosti si ndjde zamestnanie 63.28 % zien a 56.68 % muzov. V priebehu prvych
dvoch mesiacov maji znova zeny vyssiu pravdepodobnost’ najdenia si prace o priblizne 6 %. Avsak
v koncovych ¢asoch, teda po 90 dfioch zostava na trhu prace viac zien (21.04 %) ako muzov (18.27 %). Po
112 dnioch si uz takmer vsetky subjekty opiatovne nasli zamestnanie. Na zaklade vizualnej analyzy mézeme
predpokladat’ vysledok, Ze pohlavie nema vyznamny vplyv na dizku nezamestnanosti nakolko sa jednotlivé
krivky prezitia viac menej prekryvaja.
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Obr. 2: Krivky preZitia v zavislosti od pohlavia

Zdroj: vlastné spracovanie

Nasgim bodom zaujmu je uréit’ vplyv premennej pohlavie na dizku nezamestnanosti. Nakolko premenna
pohlavie nadobida iba dve obmeny — muz/zena, je postacujice otestovat’ Statisticki vyznamnost
rozdielnosti funkcif prezitia pre muzov a pre zeny. Na testovanie predpokladu, ze premenna pohlavie ma
Statisticky viznamny vplyv na diZku nezamestnanosti formulujeme nasledujice hypotézy:

Hy: Sieny () = Sz (t)
Hy: Sieny () # Sz (t)

Ak nezamietneme nulovd hypotézu, tak potom pohlavie nema $tatisticky vjznamny vplyv na dizku
nezamestnanosti. Naopak ak nulovd hypotézu zamietneme, tak pohlavie ma vplyv na ¢as do néjdenia si
zamestnania.

Z testov uvedenych v predchadzajucej kapitole uvedieme klasicky log-rank test spolu s Peto-Peto testom.
Vyber druhého testu bol podmieneny skutocnost’ou, ze na zaklade analyzy dat je zrejmé, ze subjekty
podliehaju vicsiemu riziku (nastava u nich opdtovné zamestnanie sa) v pociato¢nych ¢asoch. V Tab. 3 sa
nachddzaju vysledky testovacich Statistik oboch testov, ktoré su porovnané s chi-kvadrat rozdelenim
s pravdepodobnost’ou 0.95 (na hladine vyznamnosti 0.05) s jednym stupfiom vol'nosti.

X%00s(1) = 3.84 (15)

Tab. 3: Log-rank test a Peto-Peto test

Log-rank test
2
pohlavie T 0, E, (0—E)” p-hodnota
var(0; — E))
Zeny 210 122 117 0.426 0.5
muZi 242 124 139 0.426 0.5
Peto-Peto test
Zeny 210 84.5 80.3 0.563 0.5
muZzi 242 91.9 96.1 0.563 0.5

Zdroj: vlastné spracovanie
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Porovnanim testovacich Statistik s chi-kvadrat rozdelenim uvedenym vo vzt’ahu (15) a na zaklade p-hodnoty
(p-hodnota = 0.5 > 0.05) prijimame nulovi hypotézu, takze usudzujeme, ze pohlavie nema Statisticky
vyznamny vplyv na dizku nezamestnanosti. Vysledok avsak moze byt vzhladom na vek dat skresleny
anemusi dplne odrazat’ sucasnost’. Avsak dalo by sa predpokladat’, ze v sucasnej dobe prideme
k podobnému vysledku nakol'ko vo vSeobecnosti su v pracovnej sfére obe pohlavia rovnocenné.
Samozrejme tito skutocnost’ zavisi aj od druhu préce, ktora je skimand, ak napriklad skimame dizku
nezamestnanosti pri manualnych pracach je vicsia pravdepodobnost’, ze skor sa zamestnaji muzi ako zeny.

Zaver

Ciel'om tohto ¢lanku je demonstrovat’ vyuzitie neparametrickych metéd analyzy prezitia na analyzu vplyvu
jednej premennej — konkrétne pohlavia na dizku nezamestnanosti. Metédy analyzy prezitia poskytuja
vhodny nédstroj na analjzu casovej vysvetlovanej premennej a su schopné sa vysporiadat’ s nedplnymi
datami na rozdiel od inych Statistickych proceddr. Na uvod bola predstavena samotna analyza prezitia a jej
vyuzitie. V metodickej ¢asti bol demonstrovany teoreticky ramec neparametrickych odhadov a testov na
porovnanie viacerych funkcii prezitia. Okrem mediciny je analjza prezitia neodmyslitelne vyuzitelna aj
v ekonémii, tuto skutoc¢nost’ sme podlozili aj aplikacnou cast’ou predlozenej publikdcie. Na datach bol
najskor vykonany Kaplanov-Meierov odhad funkcie prezitia pre jednotlivé pohlavia, d’alej bola otestovana
Statistickd vyznamnost’ vplyvu premennej pohlavie dvoma réznymi testami, ktora viedla k vysledku, ze
pohlavie nema vyznamny vplyv na dizku nezamestnanosti.
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VYZNAM KATASTROFICKEHO MODEILU PRI
RIADENI KATASTROFICKEHO RIZIKA

SIGNIFICANCE OF THE CATASTROPHE MODEL IN THE
MANAGEMENT OF CATASTROPHIC RISK

Ing. Michal ZAVODNY Abstract

The aim of the paper is to describe the catastrophe model
University of Economics in Bratislava in the management of catastrophic risk. Catastrophic
Faculty of Economic Informatics risk is a danger threatening property and people's lives.
Department of Mathematics and Actuarial Science The importance of managing these risks is a consequence
Dolnozemska cesta 1/b of the ever-increasing frequency of occurrence of
852 35 Bratislava 5, Slovak Republic catastrophic events, as well as the amount of damage

resulting from them. Analysis of insurance companies

michal.zavodny@euba.sk shows that due to economic growth in risk areas,
damages cansed by natural disasters grew at an average
Key words annual rate of 5%. For this reason, there is a need to

Catastrophe, catastrophic risk, catastrophe model develop already existing catastrophe models, or to create

new ones, in order to better estimate potential damages
cansed by extreme events.

Uvod

Riziko v poist’ovnictve mozeme charakterizovat’ ako nebezpecenstvo vzniku skody, pripadne vystavenie sa
nepriaznivej udalosti, ujme alebo strate. Tieto hrozby ovplyviuju takmer kazda I'udska bytost’, a to pri
beznych cinnostiach. Na druhej strane existuju aj katastrofické rizika, ktoré stuvisia s mimoriadnymi
udalost’ami a postihuji vo velkej miere nielen Iudi, ale aj poistny trh a samotny chod krajiny. Do tejto
kategérie mozeme zaradit’ najmi prirodné katastrofy, ako napriklad vichrice, povodne alebo zemetrasenia.
Zatial' ¢o v minulosti bol vyskyt katastrofickych udalosti velmi ojedinely, v sGc¢asnosti rastie pocet
ptirodnych javov, ktoré zapri¢iuju materidlne Skody, ale aj ludské obete. Tieto udalosti suvisia
s klimatickymi zmenami, narastajucou industrializiciou a vyvojom infrastruktiry, pricom zanechavaja
nezanedbatel'né nasledky na prirode a zivotnom prostredi.

1 Katastrofické riziko

Katastrofické udalosti ovplyviuju ekonomické a socidlne podmienky postthnutej krajiny, ktoré su
zhorsované eskalaciou chudoby a znizovanim ekonomickych aktivit. Ak hovorime o skodach pri
katastrofickych udalostiach v absoldtnom vyjadreni, miera $kod je vyssia vo vyspelych ekonomikach,
z dovodu vysokej koncentricie a akumulicie kapitdlu. V relativhom vyjadreni, v porovnani napriklad
s aroviiou HDP, st skody z tychto udalosti vd¢sie v malych a nerozvinutych krajinach. Okrem toho,
v ekonomicky rozvinutych krajinich st ucinky katastrof zvycajne kompenzované kombinaciou
sukromnych, finan¢nych opatreni a efektivnych schém pomoci. Vo vyspelych ekonomikach je poistenych
viac ako 40% $kod vzniknutych pri katastrofickych udalostiach, v rozvojovych krajinach vyse 10%
a v zaostalych priblizne 5% s$kod. Tento fakt dokazuje, ze poistny trh v rozvojovych a zaostalych krajinach
nie je prilis rozvinuty. (Milenkovic, 2017)
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Rizika katastrofickych udalosti zahfnaja (Swiss Re, 2022):

e rizika prirodnych katastrof (zemetrasenia, vichrice, zaplavy),

e riziko kritickej infrastruktiry (zasobovanie vodou, prerusenie prevadzky),

e riziko P'udského faktora (terorizmus),

e katastrofické environmentalne rizika (zmena klimy, genetické inzinierstvo, jadrové elektrarne).

Riziko v poist’ovnictve mozeme charakterizovat’ ako nebezpecenstvo vzniku skody, pripadne vystavenie sa
nepriaznivej udalosti, ujme alebo strate. Hlavnym rozdielom medzi klasickym a katastrofickym rizikom je
frekvencia a velkost’ $kod, ktoré moze riziko sposobit’. Bezné riziko mézeme charakterizovat’ ako riziko
s relatfvne vysokou frekvenciou, ale nizkymi skodami. Katastrofické riziko je definované prave opacnou
vol'bou spomenutych parametrov (Obr. 1).

prijaté poismé prijaté poistn

H H caz
caz o

.

poismé plnsnis poismé plnenis

Obr. 3: Rozdiel medzi klasickym a katastrofickym rizikom

Zdroj: vlastné spracovanie podla Banks, E. (2005) Catastrophic Risk Analysis and Management. Chichester: Jobhn Wiley & Sons
L. ISBN 978-0-470-01236-9

2 Katastrofické udalosti v roku 2022

V poslednych rokoch a desat’ro¢iach, pozorujeme vo svete zvySujuci sa pocet spomenutych katastrof.
Rastica hustota obyvatel'stva a akumulacia hodnét aktiv predikujud, ze potencialne nasledky katastrofickych
udalosti m6zu byt” vicsie ako kedykolvek predtym. V roznych castiach sveta vlady a ludia zapasia s
rozli¢nymi typmi katastrof.

Prirodou sposobené katastrofy zapricinili podla spravy Swiss Re Institute v roku 2022 ekonomické straty
vo vyske 260 milidrd dolarov. Poistené skody predstavovali len menej ako polovicu vsetkych strat, co
naznacuje pomerne velkd medzeru v ochrane rizik na celom svete. Podla spomenutej spravy sa 70%
celosvetovych poistnych strat vyskytlo v Spojenych $tatoch americkych hurikinom Ian, ktory zasiahol v
septembri dzemie Floridy. Hurikan Ian bol druhou ,,najdrahSou” prirodnou katastrofou, ktorej kedy celil

poist’ovaci sektor. Tou prvou nad’alej zostava hurikan Katrina, ktory zasiahol Spojené staty americké v roku
2005. (Swiss Re, 2022)

Dalej sa v sprave uvadza, ze v désledku prirodnych katastrof v roku 2022 zomrelo priblizne 31 tisic Pudi, z
ktorych dve tretiny suviseli s prudkymi vlnami horac¢av v Eurépe od juna do jila. Rok 2022 je druhym po
sebe idacim rokom, v ktorom odhadované poistné straty predstavuji viac ako 100 miliard dolarov, ¢im sa
pokracuje v trende priemerného roéného narastu o priblizne 5% za posledné desat’rocie (Tab. 1).
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Tab. 4:0dhadnuté ekonomické straty v roku 2022 a 2021

V miliardéch dolrov 2022 2021 Priemer za poslednych
10 rokov
Ekonomické straty 260 292 207
Poistné straty 115 121 81

Zdroj: vlasiné spracovanie podla Bevere, 1., Remonds, . (2022). Natural catastrophes in 2021: the floodgates are open. Swiss Re.
Dostupné na internete: hitps:/ | www.swissre.com/ institute/ research/ sigma-research/ sigma-2022-01.html

V poslednych rokoch v Eurépe pozorujeme aj tyzdne extrémneho sucha, ktoré majd negativny vplyv na
pol'nohospodarsku trodu. Uvedeny fakt mézeme sledovat’ aj na Obr. 2, ktory zobrazuje svetové regiony
a najvicsie prirodné katastrofy, ktoré v nich boli v roku 2022 zaznamenané.
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Obr. 4: Vyznamné ekonomické straty v roku 2022 spésobené prirodnymi katastrofami

Zdroj:  AON. (2023) Weather, Climate, and Catastrophe Insight. Dostupné na internete: https:/ | www.aon.com/ weather-climate-
catastrophe/ index.aspx

Pokial’ sa zameriame na oblast” Eurdpy, naozaj najvicsiu hrozbu predstavovalo dlhotrvajiace sucho, ktoré
zasiahlo aj dzemie Slovenskej republiky. Okrem iného pozorujeme v Eurépe kazdorocne aj vichrice alebo
povodne, ktoré maji vyznamny vplyv na zivot obyvatel'stva v tomto regione.

Celkové ekonomické straty v dosledku prirodnych katastrof v regione EMEA (z angl. Europe, Middle East
and Africa) dosiahol priblizne 50 miliard dolarov. Poist’ovne kryli z tejto sumy priblizne 18 miliard dolarov,
¢o tvori 36% celkovych ekonomickych strat. DIhodoby priemer poistného krytia v tejto oblasti je 12 miliard
dolarov, rok 2022 teda moézeme pokladat’ za znacne nadpriemerny. NajvyznamnejSou udalost’ou pre
poist'ovnictvo v Eurdpe bol sled veternych burok, ktoré ovplyvnili dianie v Eurépe vo februari. Burky
Dudley, Eunice a Franklin viedli k agregovanym poistnym stratim vo vyske 4,7 miliardy dolarov. Buirka
Eunice bola zo vsetkych troch spomenutych najintenzivnejsia a stala sa najnakladnejSou burkou, ktora
postihla Eurépu od ¢ias Xynthie v roku 2010.

V podmienkach Slovenskej republiky sa stretivame najmi s nicivymi vichricami, pripadne povodnami.
Analyza slovenského hydrometeorologického tstavu (SHMU) konstatuje, Ze rok 2022 bol z hPadiska
vyskytu sucha na Slovensku skuto¢ne mimoriadny. Podl'a spomenutej analyzy sa extrémne podmienky
vyskytli na vyse 50% tzemia Slovenska, pricom sucho na niektorych miestach trvalo aj dlhsie ako 200 dni.
(Turna a k., 2023)

Spomenut’ mézeme aj nicivé zemetrasenie v Turecku a Syrii (s magnitidou 7,8), ktoré si na zaciatku roku
2023 vyziadalo niekolko tisic obeti. Celkovo zasiahnutu oblast” obyva 13 miliénov obyvatelov. Materialne
skody v tejto dobe este neboli vycislené, odhaduje sa vsak, ze ekonomické straty sposobené tymto
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zemetrasenim presiahnu 20 milidard dolarov. Poisteny bol vsak iba zlomok tychto $kod, odhad hovori
o jednej miliarde dolarov. (Verisk, 2023)

3 Katastroficky model

Katastroficky model je uréeny na odhad potencialnych strat z extrémnych, katastrofickych udalosti. Hoci
existuje viacero definicif, podla United Kingdom Lloyd’s Market Association je katastroficky model
,»Systém, ktory generuje robustny subor simulovanych udalosti a odhaduje velkost’, intenzitu a miesto
udalosti s cielom urcit’ vysku $kody, sposobenu katastrofickou udalost'ou, ako napriklad hurikian alebo
zemetrasenie®.

Poznanie rizika spojené¢ho s poistenim je zdkladnym aspektom riadenia poist’ovne, resp. zaist’ovne. Tento
fakt zabezpecuje, ze nastavenie ceny poistného je dostatocné a ze kapitdlova, resp. zaist’ovacia ochrana je
primerand vzhladom na riziko, ktorému celi.

Pri viacerych typoch rizik sa na vjvoj modelov, ktoré mozu odhadnut’ riziko pouzivaju poistné straty, ktoré
poist’ovia zaznamenala uz zo vzniknutych udalosti v minulosti. Tieto poznatky si zakladom pre poistno-
matematické vypocty. Pri tomto pristupe vSak musi byt’ splnena podmienka existencie dostatoénych udajov
o vzniknutych $kodach. Pre katastrofické riziko je toto kritérium t’azko dosiahnutelné, a to z dévodu, Ze
riziko katastrofy podla definicie predstavuje riziko, ktoré nastiva ojedinele, pricom Skody z neho
vyplyvajuce st znacne vysoké. Poist'ovne povicsine disponuji 20 ro¢nou histériou ddajov o poistnych
udalostiach, ¢o je ale nepostacujice na tcely odhadu katastrofického rizika, ktoré moze nastat’ prave jeden
krat v dvadsat’rocnej historii.

Katastroficky model sa vo vSeobecnosti sklada z troch komponentov (Obr. 3), a to (Parodi, 2014):

e modul rizika, ktory modeluje nebezpecenstvo vzniku katastrofickej udalosti,

e modul zranitel'nosti, ktory odhaduje pravdepodobné poskodenie alebo zranenie, ktoré mézu postihnat’
stavby alebo 'udi v dosledku rizika,

e financny modul, ktory odhaduje finanéna stratu v dosledku tychto $kod, resp. zraneni.

Databaza majetku

Modul
zranitelnost

Modul rizika ry
Detaily o majetku Zmluvne
klienta odmienky

Obr. 5: Komponenty katastrofického modelu

Zdroj:  vlasiné spracovanie podla Parodi, P. (2014) Pricing in General Insurance. Boca Raton: Chapman and Hall/ CRC. ISBN
978-1-4665-8144-9

3.1 Modul rizika

Modul rizika pln{ primarne dve dlohy:

e generuje subor potencidlnych katastrofickych udalosti — kazdy s mierou vzniku udalost, jej zavaznost'ou
a postihnuta geograficku oblast’. Napriklad pripad zemetrasenia by zahfnal pravdepodobnost’ vyskytu,
magnitidu podla Richterovej stupnice a oblast’, kde nastalo spomenuté zemetrasenie. Tento zoznam
katastrofickych udalosti je zalozeny na analyze historickych dat (zemetrasenia, ktoré sa vyskytli v
minulosti) a taktieZ na vedeckej analyze rizika.

e posudzuje troven fyzického nebezpecenstva pre kazda vyssie spomenutd udalost’ — troven rizika sa
vypocita pre kazdu udalost’ v prvom bode, pricom sa zohlPadnuje charakteristika lokality. Pre
zemetrasenie méze byt droven fyzického nebezpecenstva dana stupniom pohybu zeme, pri vichrici
naopak silou vetra. Ako priklad mozeme uviest’ zemetrasenie v Mexico City v roku 1985, pri ktorom
bol zaznamenany vysoky pocet obeti a zna¢né skody na budovach, aj ked’ epicentrum samotného
zemetrasenia bolo vo vzdialenosti 350 kilometrov. Katastrofalne nédsledky boli vyustenim toho, Ze
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Mexico City bolo postavené na odvodnenom jazere a mikky terén bol nichylny na Siriace sa a
zosilnujuce seizmické otrasy.

3.2 Modul zraniteP’nosti

Modul rizika sa zaobera iba charakteristikami samotnej katastrofickej udalosti — miesto vzniku, ako c¢asto
mozno tuto udalost’ o¢akavat’, atd’. Kazdopadne, poist’oviia pozaduje omnoho specifickejsie informacie, a
to napriklad aka velkd skodu sposobi katastrofickd udalost’ na majetku poistenca. Aby bolo mozné
odpovedat’ na tato otazku, je potrebny modul zranitel'nosti, ktory premietne modul rizika do ocakavaného
fyzického poskodenia majetku nachadzajiceho sa v portféliu.

Vstup do modulu zranitelnosti je predovsetkym spomenuty zoznam nehnutelnosti a majetku, ktory sa
nachadza v portfoliu klienta, s informaciami o kazdej nehnutelnosti.

Tento modul poskytuje taktiez tzv. krivky zranitelnosti, ktoré udavaju stupent poskodenia v dosledku
katastrofickej udalosti v zavislosti od intenzity nebezpecenstva, ako je napriklad rychlost’ vichrice, pripadne
vyska povodne.

3.3 Finan¢ny modul

Finanény modul premietne modul zranitelnosti do konkrétnej financnej straty. Vstup pre tento modul je
dany zmluvaymi podmienkami (napr. spolutcast’ alebo limit plnenia), ktoré su potrebné na d'alsie vypocty.
Naopak vystupom finan¢ného modulu (a aj celého katastrofického modelu) st tabulky strat (ELT, z angl.
Event Loss Tables), ktoré ponukaju detailny prehl'ad katastrofickych udalosti a z nich plynuce straty.

4 Zhrnutie

V 21. storodi sa katastrofické rizika stali pre poistovnictvo vyznamnou a aktualnou témou. S narastajucim
poctom a intenzitou prirodnych katastrof, ako st hurikany, zemetrasenia a povodne, poist'ovne musia celit’
novym vyzvam a rizikdm, ktoré tieto udalosti so sebou prinasaju. To si vyzaduje, aby poist'ovne mali
presnejsie a aktualnejsie katastrofické modely, ktoré dokazu zohladnit’ tieto zmeny a predpovedat’ ich
dosledky.

Katastroficky model predstavuje proces, ktory simuluje potencidlne katastrofické udalosti na zaklade
historickych udalost. Tieto modely sa rychlo vyvijaja od 80. rokov 20. storodia, a to primarne vdaka
technologickému pokroku. Katastrofické modely boli vyvinuté na odhad pravdepodobnosti strat
sposobenych v dosledku extrémnych poveternostnych udalosti, ale rozsiril sa tak, aby sa vzt'ahoval aj na
rizika, nesuvisiace bezprostredne s pocasim, vratane strat vzniknutych terorizmom pripadne kybernetickymi
utokmi.

Katastrofické modely sa vyuzivaju na kvantifikiciu finanéného dopadu z potencialnych katastrofickych
udalosti. Modely vyuziva primarne odvetvie poist'ovnictva, ato na odhad priamych, nepriamych a
zvyskovych strat. Priame straty su vysledkom udalosti, ako je poskodenie majetku, dimrtia a zranenia.

Prikladmi nepriamych strat si dodato¢né naklady, pripadne prerusenie podnikania. Zvyskové straty zahffiaja
narast dopytu, omeskanie prace a inflaciu ndkladov na material.

Tieto modely mézu byt’ pouzité na posidenie vzniku rizika, stanovenie nakladov na poistenie a tvorbu
stratégif riadenia rizika.

Zaver

.

Vdaka rozvoju modernych technolégif su k dispozicii sofistikované katastrofické modely, ktoré umozauja
presne predpovedat’ a monitorovat’ rizikové situacie a pripravit’ sa na mozné katastrofy. Tieto modely
umoznuju lepsie porozumiet’ prirodnym javom a predpovedat’ ich nasledky pre spolo¢nost’. Vyskum a
modely okrem toho umoznuji identifikovat’ kritické oblasti, ktoré st najviac ohrozené a prijimaji opatrenia
na zabranenie a minimalizaciu naslednych rizik.

Na zaver mozno konstatovat’, ze katastrofické modely predstavuju dolezity nastroj v poist’ovnictve,
umoznujuci riadit’ rizikd spojené s katastrofami. Ich pouzitie poskytuje cenné informacie pre poist’ovne a
pomdha im lepsie planovat’, prispésobovat’ sa a minimalizovat’ $kody. Avsak neustile zlepsovanie a
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aktualizacia tychto modelov je nevyhnutnd pre ich presnost’ a spolahlivost’ vo svete neustile meniacich sa
podmienok a rizik.

Prispevok bol rieseny vrimci projektu VEGA1/0096/23 Vybrané metody riadenia rizik pri
Implementicii parcidlnych internych modelov pre stanovenie kapitilovej poZiadavky pre
solventnost’.
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