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Metric Spaces Induced by Fuzzy Equivalences

ISAKS Reinis and GRIGORENKO Olga

Department of Mathematics, University of Latvia
3 Jelgavas Street, Riga, LV-1004, Latvia

E-mails: reinis.isaks@lu.lv and olga.grigorenko@lu.lv

We examine the notion of T -equivalence spaces, defined as pairs (X,E) where X is a set and
E is a fuzzy equivalence relation. Our study focuses on the structure of the open balls in these
spaces and the conditions under which the topology generated by these open balls is metrizable.
In addition, we provide a brief historical overview of these topics, placing our work in the context
of the development of fuzzy relations and metric spaces.

Furthermore, we prove that the fuzzy open balls induce a Hausdorff topology on X and that,
under suitable conditions—specifically, when the fuzzy equivalence can be expressed as

E(x, y) = t(−1)(d(x, y)),

where t(−1) is the pseudo-inverse of a T -norm’s additive generator t and d is a metric—they coincide
with the open balls of the corresponding metric space.

This work is inspired by papers [1] and [2].
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Determining Weights of Financial Analysts’ Opinions Using Fuzzy
Relationship Aggregation

JELINSKA Jelizaveta

Riga Technical University
6A Ķı̄psalas Street, Riga LV-1048, Latvia

E-mail: lizavetakli@gmail.com

When combining various sources of information—a key principle in the decision-making pro-
cess—the question often arises: how should weights be assigned to these resources?

Consider a board making an investment decision, it is natural to assume that each member’s
opinion holds equal importance. However, if department directors are included in the process,
their opinions may carry less weight.

Moreover, simply ranking experts by importance is not enough; it is also crucial to assign specific
weight values to their decisions. But how can this be done? Typically, weights are assigned in
a way that can be described metaphorically as “looking at the current constellation positions.”
In our work, we demonstrate how, in stock market decision-making, fuzzy aggregated equivalence
relations can be used to calculate these weights.

Our goal is to determine the weights for three experts’ judgments on preferred stock opera-
tions—buy, hold, or sell.

We determine these weights so that, when used in the aggregated equivalence relation function,
the resulting value is as close as possible to the one observed retrospectively.
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Fuzzy Functor Representations in Threshold Categories

KALUGINS Emı̄ls

Department of Mathematics, University of Latvia
3 Jelgavas Street, Riga, LV-1004, Latvia

E-mail: emils.kalugins@lu.lv

Representability in enriched categories provides a way to describe functors in terms of fun-
damental objects within the category, often leading to adjunctions and universal constructions.
Enriching categories over the closed symmetrical monoidal category of L-sets, we effectively assign
each morphism in a category a membership degree. Since L-set enriched categories naturally em-
bed into fuzzy categories — where we additionally can assign a membership degree to objects —
this provides a strong motivation to seek representations arising from fuzzy functors.

In this talk, we prove a theorem that allows us to obtain representable functors in various
enriched categories from a single representable fuzzy δ-functor into the fuzzy category FL-Set by
looking at threshold categories.

Theorem 1. If C = (C, µ, ω) is a fuzzy category and F : C → FL-Set is a δ-functor and there
exists a K in C and an α-isomorphism η : HomC(K,−) → F , then, for every idempotent ι ≤ δ∧α,
the functor Fι : Cι → L− Setι is a representable L− Setι-functor when the threshold category Cι

is viewed as an enriched category over the threshold category L− Setι.
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On Some Properties of Aggregation Operators Used in Fuzzy Inference
Systems

KRASTIŅŠ Māris

Department of Mathematics, University of Latvia
3 Jelgavas Street, Riga, LV-1004, Latvia

E-mail: mk18032@edu.lu.lv

Aggregation operators have an important role in analysis of fuzzy inference systems. In our
work we analyze how different aggregation operators and their properties impact the end result
of the defuzzification process. General properties of aggregation operators are widely analyzed in,
e.g. [1]. They are further considered in the context of specifics related to Mamdani and Sugeno
fuzzy inference systems and their applications which have been studied by, e.g. G. Bojadziev and
M. Bojadziev in [2].

Some further applications of aggregation operators related to specific research areas have been
also considered as part of our earlier research and outlined in, e.g. [3]. While traditional examples
deal with application of simple aggregation operators, such as minimum t-norm, product t-norm
and  Lukasiewicz t-norm, we investigate the application of more sophisticated aggregation operators,
including Hamacher t-norm, Frank t-norm and Schweizer–Sklar t-norm.
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Application of Fuzzy Logic in a Classification Algorithm

MIHAILOVS Valērijs
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This work studies the k-NN classification algorithm, where fuzzy equivalence relations are used
as a measure of the similarity, which can be expressed in different ways via the distance (e.g.,
Euclidean, Manhattan, Hamming) between two objects:

s(x, y) = e−d(x,y), s(x, y) =
1

1 + d(x, y)
.

Transitivity is defined based on various t-norms:  Lukasiewicz, product, and Hamacher’s t-norm.
The construction of a fuzzy equivalence relation involves a tool called an additive generator. For the
final decision regarding the class to which an object belongs, aggregation operators are introduced
for the corresponding equivalence relations. Additionally, the work provides a comparative analysis
between standard classification methods (k-NN, Logistic Regression) and the proposed method,
which incorporates fuzzy equivalence relations where transitivity is defined based on t-norms.

References:

[1] Grigorenko, O., Mihailovs, V.: Aggregated Fuzzy Equivalence Relations in Clustering Process.
CCIS. 1601 (2022) 448–459.

6



Morphological Operators in L-Fuzzy Groups with Pre-chosen Structural
Element

VARFOLOMEJEVA Ksenija1 and UĻJANE Ingr̄ıda1,2

1 Department of Mathematics, University of Latvia
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Mathematical morphology emerged as a distinct discipline in the 1960s through the work of
G. Matheron and J. Serra. Initially developed for geological applications, it has since found a
wide range of uses, especially in image processing. As the field evolved, mathematical morphology
extended into fuzzy set theory, first introduced by De Baets et al. [1]. Like the classical approach,
fuzzy mathematical morphology relies on two main operators – dilation (D) and erosion (E) –
which are defined using a fuzzy structuring element S. Taking as a basis a pair of operators
that behave like dilation and erosion – while essentially minimizing the role of the structural
element – researchers were able to develop various abstract, in particular, algebraic frameworks
for mathematical morphology. This, in turn, made it possible to develop a categorical view of
mathematical morphology, see, e.g. [2], [3], [4] et al.

In this work, we introduce a category L-FSLin. The objects of this category are structured
linear spaces (X,S), where S ∈ F(X) is a pre-selected fuzzy set, which plays the same role as
a structural element in “classical” fuzzy morphological space. Morphisms in this category are
L-fuzzy homomorphism f : (X,S) → (Y, T ). We focus on the behaviour of fuzzy morphological
operators (erosion ES , dilation DS , opening OS and closing CS) under the mappings between the
mentioned structured linear spaces with respect to the structural element. Specifically, we show
that under certain conditions these mappings “preserve” (in the sense “do not diminish”) all fuzzy
morphological operators.
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A Fuzzy Logic-Driven Approach to the Value of Information

ZEMLĪTIS Mārtiņš and GRIGORENKO Olga
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E-mails: martins.zemlitis@gmail.com and ol.grigorenko@gmail.com

In real-life decision-making scenarios, the optimal outcome tends to rely on uncertain parame-
ters, preventing the decision-maker from making an optimal decision. Decision-makers may reduce
uncertainty by gathering information, but this comes at a cost. The Value of Information (VoI)
quantifies whether acquiring additional information is beneficial.

Given an objective function v(x, u), where x is a random variable and u is an action, VoI is:

VoI = Ex max
u

v(x, u) − max
u

Exv(x, u).

The first term represents the case where the outcome of x is known, while the second term
optimizes the expectation when the outcome cannot be observed.

Despite its usefulness, VoI has its drawbacks. In some cases, modeling the problem with
probabilities is not feasible. To overcome this limitation, we propose an alternative approach that
involves fuzzy sets to handle uncertainty, which was previously addressed using probability theory
in the classical case.
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