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COMPARATIVE ANALYSIS OF THE APPLICATION RESULTS OF MAX-MIN
CONVOLUTION BASED ON VARIOUS T-NORM AND S-NORM OPERATORS

This paper presents a comparative analysis of the results of applying max-min convolution based on different t-
norm and s-norm operators. The addition of two fuzzy triangular numbers is considered as an example. The authors
developed software to compare t-norms and s-norms in max-min convolution using discretization of fuzzy triangular
numbers. The results highlight the flexibility of t-norms and s-norms in modeling uncertainty, which makes them
valuable for applications in control systems, data analysis, and decision support systems.
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Fuzzy logic is a mathematical approach designed to manage uncertainty by permitting values between 0 and 1,
instead of relying solely on binary true/false logic [1, 2]. Formula 1 illustrates the addition of two triangular fuzzy
numbers. Formula 2 defines a fuzzy set A as a set of pairs (x, u,(x)), where u,(x) represents the membership
degree of each element x. Formula 3 presents the max-min convolution used for adding two fuzzy numbers [3].
Figure 1 illustrates the manual addition of two fuzzy numbers, (4,7,9) and (7,9,12), using the max-min convolution
method.
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Fig. 1. Max-Min Convolution of Two Fuzzy Numbers Performed Manually
Source: formed by the author based on [3]

Although minimum and maximum are the most commonly used operations in fuzzy logic convolutions, t-norms
and s-norms provide more general ways to combine fuzzy values. T-norms model fuzzy intersection (AND) and s-
norms model fuzzy union (OR), extending basic operations while satisfying important properties like associativity
and commutativity. Different choices of t-norms and s-norms offer flexible modeling options, allowing for better
alignment with the specific needs and characteristics of the problemat hand.



While the minimum (MIN) operation (4) is a commonly used t-norm in fuzzy logic, there are several other t-
norms as well, including the product (PROD) (5), Hamacher product (6), Einstein product (7), drastic product (8),
and bounded difference (9).
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The authors of this thesis developed software to compare different t-norms. Figure 2 illustrates the addition of
the same two fuzzy numbers, (4,7,9) and (7,9,12), performed using the software through discretization into 20
points, with different t-norms applied for the calculation.

Fig. 2. Comparison of T-Norm Operators for Addition of Two Fuzzy Numbers (4,7,9) and (7,9,12) Performed
via Software
Source: formed by the author

While the maximum (MAX) operation (10) is a commonly used s-norm in fuzzy logic, there are several other s-
norms as well, including the algebraic sum (11), Gamakher’s sum (12), Einstein’s sum (13), reinforced sum (14),
and bounded sum (15).
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The software also compares different s-norms. Figure 3 illustrates the addition of the same two fuzzy numbers,
(4,7,9) and (7,9,12), performed using the software through discretization into 20 points, with different s-norms
applied for the calculation.

Fig. 3. Comparison of S-Norm Operators for Addition of Two Fuzzy Numbers (4,7,9) and (7,9,12) Performed
via Software
Source: formed by the author

The use of different t-norms and s-norms in fuzzy logic provides a versatile framework for modeling uncertainty
and handling complex decision-making scenarios. By offering flexibility in combining fuzzy values, these operators
can be effectively applied in various fields such as control systems, data analysis, and decision support systems.
Their ability to model different types of relationships between fuzzy sets makes them valuable tools for improving
the accuracy and adaptability of systems dealing with imprecise or uncertain information.
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IOPIBHAJILHHH AHAJII3 PE3YJIBTATIB 3ACTOCYBAHHA MAX-MIN 3rOPTKH HA OCHOBI
PISHUX OIIEPATOPIB T-HOPMHU TA S-HOPMH

YV oaniti pobomi npedcmasneno nopigHANbHUL AHANI3 pe3YNbMAMIE 3ACMOCYBAHHA MAX -Min 320PMKU HA OCHO8I
PpisHUX onepamopis t-Hopmu ma s-Hopmu. B axocmi npuxnady poszenanymo 000aganma 080X HEYIMKUX MPUKYINHUX
uucen. Aemopu pospobunu npozpamme 3abe3neueHHs O NOPIGHAHHA t-HOPM 1 S-HOPM 6 MaAX-min 320pmyi,
3acmocogylouu OUCKpemu3ayir HeyimKux mpuxymuux uucen. Pesynemamu nioxkpecntoioms euyukicms t-nHopm i s-
HOpM Y MOOENI08AHH] HeBUHAUEHOCHI, WO POOUmMb iX YiHHUMU O0JI 3ACMOCY8AHb ) CUCMEMAX KepYGAaHHs, AHALI3]
O0aHux i cucmemax niOMpuMKU RPUUHAMMS PilieHs.
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Information about the Authors / Binomocti npo asTopis
Bohdan Somriakov, student of the Computer Science Faculty, specialty 122 Computer Science, at Petro Mohyla
Black Sea National University, Mykolaiv, Ukraine. E-mail: pontius.bos@gmail.com, orcid: https://orcid.org/0009-
0003-7045-8586.
Borman CoMpsKkoB, CTyAeHT (axkyIbTeTy KOMIIIOTEPHHX HayK, CIemiampHiCTh 122 Komm’roTepHi Haykw,
YopHOMOPCHKOTO ~HAmiOHANBHOTO yHiBepcutery imeHi Iletpa Mormm, M. Mukomais, Ykpaiga. E-mail:
pontius.bos@gmail.com, orcid: https://orcid.org/0009-0003-7045-8586.

levgen Sidenko, PhD, Associate Professor of the Intelligent Information Systems Department at Petro Mohyla
Black Sea National University, Mykolaiv, Ukraine. E-mail: ievgen.sidenko@chmnu.edu.ua, orcid:
https://orcid.org/0000-0001-6496-2469.

€pren  CigeHko, KaHI. TeXH. HayK, JOIEHT Kabeopu IHTCNCKTyalbHUX IHQOpMAI[HHUX CHCTEM,

YopHOMOPCHKOTO — HAI[iOHAJALHOTO yHiBepcutery iMeni Iletpa Mormwm, M. Mukonais, VYkpaina. E-mail:
ievgen.sidenko@chmnu.edu.ua, orcid: https://orcid.org/0000-0001-6496-2469.

Yuriy Kondratenko, Doctor of Science, Professor, Head of the Intelligent Information Systems Department at
Petro Mohyla Black Sea National University, Mykolaiv, Ukraine. E-mail: yuriy.kondratenko@chmnu.edu.ua, orcid:
https://orcid.org/0000-0001-7736-883X.

IOpiit Konnmpatenko, n-p TexH. Hayk, npodecop, 3aBigyBad Kadeapu IHTEICKTYaIbHUX IHPOPMALIHHAX CHCTEM,
YopHOMOPCHKOTO ~HAIIOHAIBHOTO yHiBepcurery imeni Iletpa Morwm, ™. Mukomais, Ykpaina. E-mail:
yuriy.kondratenko@chmnu.edu.ua, orcid: https://orcid.org/0000-0001-7736-883X.

© Bohdan Somriakov, levgen Sidenko, Yuriy Kondratenko Cmammsi ompumana pedaxyicio
19.05.2025.


https://orcid.org/0009-0003-7045-8586
https://orcid.org/0009-0003-7045-8586
https://orcid.org/0009-0003-7045-8586
mailto:yuriy.kondratenko@chmnu.edu.ua
mailto:yuriy.kondratenko@chmnu.edu.ua




