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Nazov pracoviska, na ktorom bol projekt rieSeny

Univerzita Pavla Jozefa Safarika, Prirodovedecka fakulta, Ustav matematickych vied

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

1. Lodz Technical University, Polsko
2. Johannes Kepler University, Linz, Rakusko
3. University of Vienna, Rakusko

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Projekt mal charakter zakladného vyskumu.

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved'te aj publikacie prijaté do tlace

1. Hutnik, O., Pdcs, J.: On *-associated comonotone functions. Kybernetika 54(2) (2018),
268-278.

2. Kupka, |, Kiselak, J., Ishimura, N., Yoshizawa, Y., Salazar, L., Stehlik, M.: Time
evolutions of copulas and foreign exchange markets, Inform. Sci. 467 (2018), 163-178.

3. Halginova, L., Hutnik, O., Kiselak, J., éupina, J.: Beyond the scope of super level
measures. Fuzzy Sets and Systems 364 (2019), 36-63.

4. Boczek, M., Hovana, A., Hutnik, O.: General form of Chebyshev type inequality for
generalized Sugeno integral. Internat. J. Approx. Reason. 115 (2019), 1-12.

5. Sottova, V., Supina, J.: Principles S1(P,R): ideals and functions. Topology Appl. 258
(2019), 282-304.

6. Borzova, J., Hal€inova, L., Hutnik, O.: The smallest semicopula-based universal integrals:
Remarks and improvements. Fuzzy Sets and Systems 393 (2020), 29-52.

7. Boczek, M., Hovana, A., Hutnik, O., Kaluszka, M.: Holder-Minkowski type inequality for
generalized Sugeno integral. Fuzzy Sets and Systems 396 (2020), 51-71.

8. Boczek, M., Hal€inova, L., Hutnik, O., Kaluszka, M.: Novel survival functions based on
conditional aggregation operators. Inform. Sci. 580 (2021), 704-719.

9. Kiselak, J., Lu, Y, Svihra, J., Szépe, P., Stehlk, M.: “SPOCU": scaled polynomial constant
unit activation function. Neural Comput. Appl. 33 (2021), 3385-3401.

10. Boczek, M., Hovana, A., Hutnik, O., Kaluszka, M.: New monotone measure-based
integrals inspired by scientific impact problem. European J. Oper. Res. 290(1) (2021), 346-
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357.

11. Boczek, M., Hutnik, O., Kaluszka, M.: On Choquet-Sugeno like operator based on
relation and conditional aggregation operator, Inform. Sci. 582 (2022), 1-21.

12. Salazar Gomez, L.L., Torres, S., Kiselak, J., Fuders, F., Ishimura, N., Yoshizawa, Y.,
Stehlik, M.: Long memory estimation in a non-Gaussian bivariate process, Appl. Math.
Comput. 420 (2022), 126871.

13. Boczek, M., Hovana, A., Kaluszka, M.: On some distributivity equation related to minitive
and maxitive homogeneity of the upper n-Sugeno integral, Fuzzy Sets and Systems 430
(2022), 102-113.

14. Boczek, M., Hutnik, O., Kaluszka, M.: On Prékopa-Leindler type inequality for Sugeno
integral. Fuzzy Sets and Systems 430 (2022), 114-125.

15. Basarik, S., Borzova, J., Hal¢inova, L.: Survival functions versus conditional
aggregation-based survival functions on discrete space, Inform. Sci. 586 (2022), 704-720.
16. OntkoviCova, Z., Kiselak, J., Hutnik, O.: On quadruplets of nonadditive integrals, Fuzzy
Sets and Systems (prijaté na publikovanie).

17. Stehlik, M., Kiselak, J., Bukina, E., Lu, Y., Baran, S.: Fredholm integral relation between
compound estimation and prediction (FIRCEP). Stochastic Anal. Appl. 38(3) (2020), 427-
459.

18. Borzova, J., Halginova, L., Supina, J.: Size-Based Super Level Measures on Discrete
Space, In: Information Processing and Management of Uncertainty in Knowledge-Based
Systems: theory and foundations, IPMU 2018, Cham, 2018, pp. 219-230.

19. Boczek, M., Hovana, A., Hutnik, O.: General Chebyshev type inequality for seminormed
fuzzyintegral. In: Torra V., Narukawa Y., Pasi G., Viviani M. (eds) Modeling Decisions for
Artificial Intelligence. MDAI 2019. Lecture Notes in Computer Science, vol 11676. Springer,
Cham, pp. 3-16, 2019.

20. Borzova, J., Hal€inova, L., Hutnik, O.: On representation of seminormed integral using
level dependent Boolean capacities. In: 2019 IEEE International Conference on Fuzzy
Systems (FUZZ-IEEE), New Orleans, pp. 1-6, 2019.

21. Boczek, M., Hal€inova, L., Hutnik, O., Kaluszka, M.: Probabilistic measures and
integrals: how to aggregate imprecise data. In: V. Torra et al. (Eds.): MDAI 2020, LNAI
12256, pp. 78-91, 2020.

Uplatnenie vysledkov projektu

K dolezitym vysledkom projektu zaradujeme vzdelavanie diplomantov a PhD Studentov. S
rieSenym projektom priamo suviseli 4 diplomové prace a 6 PhD prac. Vysledky projektu
zahffaju vedecku publikacnu €innost’ Clenov rieSitelského kolektivu, organizaciu vedeckého
seminara, moznost prezentacie vysledkov na medzinarodnych konferenciach, pracovné
zahrani¢né cesty a pobyty hosti. Vedecké vysledky dosiahnuté pocas rieSenia projektu budu
uplatnené v zakladoch tedrie neurcitosti, rozhodovacich procesov a neaditivnej
pravdepodobnosti. Najma originalne navrhy novych neaditivnych integralov a podmienenych
agregacnych operatorov maju velky potencial v rozli€énych aplikaciach, ako su spracovanie a
modelovanie viacrozmernych dat, ¢iv multikriteralnom rozhodovani.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

VSetky planované ciele boli splnené a vo viacerych pripadoch vyrazne prekrocené. Vysledky
projektu boli publikované v doteraz vyjdenych 27 vedeckych ¢lankoch v impaktovanych
Casopisoch, ktoré su zvac¢sa v Q1 evidované podfa Journal Citation Reports. V projekte boli
formulované nutné a postacujuce podmienky pre platnost integralnych nerovnosti
Hoélderovho-Minkowskeho typu a CebySevovho typu pre zovieobecneny Sugenov integral a
nové triedy funkcii zovSeobecriujuce komonotonne funkcie (*-asociované a m-subaditivhe
funkcie). Dal$im vyznamnym prinosom je detailné $ttdium triedy seminormovanych
integralov v kontexte transformacnej vety, konvergencnych viastnosti postupnosti integralov
a integralnych nerovnosti. Sem patri aj navrh novych typov integralov pre nezaporné realne
vstupy, tzv. hornych a dolnych iterovanych Sugenovych integralov, ktoré sme predstavili v
kontexte scientometrickych indexov. V oblasti vyskumu tykajuceho sa zovSeobecnenych
level mier a integralov sav projekte zaviedol ramec pre prirodzené rozSirenie klasickej
tedrie neaditivnych mier a integralov pomocou nového konceptu zaloZeného na vonkajSom
esencialnom supreme a zodpovedajucej level miere. Dblezitym krokom vpred bolo
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zavedenie konceptu podmieneného agregovania, ktory rozSiruje a zuplfiuje mnohé
doterajSie vysledky. Dokazali sme, Ze zovSeobecneny Choquetov integral sa da
reprezentovat’ ako klasicky Choquetov integral transformovanej funkcie vzhfadom na
transformovanu mieru, ktora je definovana na hyperpriestore mnozin. Integrovanie
vzhladom na tieto zovSeobecnené survival funkcie pokryva Siroku triedu znamych integralov
(typu Choquetovych-Stieltiesovych funkcionalov). Viaceré nase teoretické vysledky boli
vyuzité v aplikacnych oblastiach, napr. pri generovani aktivacnych funkcii, Studiu ¢asovych
radov, resp. pri navrhu novych bibliometrickych indexov.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

All planned aims were fulfilled, some of them were significantly exceeded. The results of the
project have been published so far in 27 scientific articles mostly published in international
impacted journals of first quartile according to the Journal Citation Reports. In the project
several necessary and sufficient conditions for the validity of integral inequalities of the
Holder-Minkowski type and the Chebyshev type for the generalized Sugeno integral and
new classes of functions generalizing comonotonic functions have been established
(including * -associated and m-subadditive functions). Another important contribution is a
detailed study of the class of seminormed integrals in the context of transformation theorem,
convergence properties of integral sequences and integral inequalities. This also includes
the introduction of new types of integrals for non-negative real inputs, the so-called upper
and lower iterated Sugeno integrals, which were presented in the context of scientometric
indices. In the field of research on generalized level measures and integrals, the project has
introduced a framework for the natural extension of the classical theory of non-additive
measures and integrals using a new concept based on the outer essential supremum and
the corresponding level of measure. An important step forward was the introduction of the
concept of conditional aggregation, which expands and complements many previous results.
We have proved that the generalized Choquet integral can be represented as the classical
Choquet integral of a transformed function with respect to the transformed measure, which
is defined on the hyperspace of sets. Integration with respect to these generalized survival
functions covers a wide class of known integrals (of Choquet-Stieltjes type functionals).
Several of our theoretical results have been used in applications, e.g. when generating
activation functions, study of time series, resp. when introducing new bibliometric indices.
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