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ABSTRACT

This article explores the use of Kolmogorov-Arnold Networks as interpretable machine learning mod-
els instead of the universal approach theorem used in machine and deep learning. Emphasis is placed
on architectures based on B-splines, T-splines, and FastKAN using RBF's, which allow for transparent
Jfunction approximation. The article discusses how symbolic representations emerge from trained models,
the role of node pruning in simplifying structure, and the potential of these techniques to uncover latent
physical models or aid in scientific modeling where interpretability is essential. Also, by pruning the
neural model, it is possible to simplify the interpretable model.

INTRODUCTION

Nowadays, the use of machines and deep learning makes possible the existence of artificial intelli-
gence (Al) capable of interacting with humans. However, these kinds of systems are built with complex
algorithms that cannot be interpretable, and no idea can be inferred to determine how to propose a better
structure or parameters in a deterministic way (black box), so it is necessary to use data for tuning the
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algorithm. Recently, it is looked to have interpretability in the algorithms of Al to understand how the
system works and to have an idea of what will happen if certain input is given to the algorithm (gray-box).

In this paper, the Kolmogorov-Arnold networks will be shown, and some concepts and applications
will be also mentioned. To show definitions and concepts for this encyclopedia, they will be redacted in
italics to understand the flow of information avoiding confusion on reading this chapter.

Returning to the topic, when a system or process is described using differential or difference equa-
tions, a simulation can represent the real behavior of the system under certain circumstances, these kind
of models are called white-box models, and they involucrate to known all the parameters. However, not
always is possible to know all the parameters values or they can be time-varying. Also, the parameters
values are often difficult to obtain due physical constraints or lack of sensors (Obadina et al., 2022).
When the model structure is known or it is necessary to work with time-varying parameters, it is possi-
ble to make parameter estimation and even to apply adaptive control if the system must to be controlled
(Gibson and McAuley, 2025). On the other hand, black-box models are not interpretable, and they are
tuned by using data to train the model in order to emulate a physical system, these models do not reveal
the structure of the system, and it is very difficult, and even impossible, to know what will be happen in
the black-box model behavior if a parameter is modified in the model. An example of black-box model
is machine learning, for simple applications, where a perceptron can be computed for pattern recognition
or to mimic certain system, the artificial neural network can be defined mathematically, but to imple-
ment a multilayer perceptron (machine learning) is very difficult even to propose the number of neurons
in the hidden layer, most of the times, the artificial neural network (ANN) is evaluated using different
activation functions and different number of neurons to determine the best configuration (Nelles and
Isermann, 1996).

One alternative to ANN that gives black-box models, even when the accuracy of the model is adequate
to the application developed, is the use of fuzzy logic. When it is not possible to have expert knowledge
to propose a fuzzy model or controller, a Takagi-Sugeno inference system can be obtained using data,
techniques like least squares (batch or recursive) and adaptive fuzzy systems can be used to obtain a
model that describes or controls a system (Kahl and Kroll, 2020). Fuzzy rules and fuzzy sets obtained
can be used to interpret how variables are related each other. For example Obadina et al. (2022) combined
priori knowledge (white-box) of the system, and approach the unknown parameters values by using data
(black-box) to obtain a gray-box model in order to control a robot manipulator.

Expert knowledge can be used to compute a Mamdani fuzzy model, this kind of inference system
is proposed by determining the number, and kind of fuzzy sets to make a fuzzy partition of variables
involved in the model. The consequents of fuzzy rules can be proposed also as fuzzy sets. In this way,
it is possible to interpret the fuzzy rules, and to have an idea of the expert knowledge used to build the
fuzzy model. Furthermore, Navarro-Almanza et al. (2022) made an interpretable neuro-fuzzy model by
using a Mamdani inference system. A neuro-fuzzy system implements both techniques ANN and fuzzy
logic to use the best characteristics of each one. Furthermore, it is possible to regard a neuro-fuzzy system
like an ANN whose activation functions are described by fuzzy sets, or like a fuzzy system tuned like
an ANN. The idea of Navarro-Almanza et al. (2022) was to extract a high-quality rule in terms of com-
prehensibility, accuracy and fidelity. Anyway, a neuro-fuzzy system can be obtained using radial basis
functions (RBFs) in an adaptive fuzzy system, because Gaussian functions are derivable and interpreted
as activation functions in an ANN (Kassem and Camur, 2017).

Fromdecades, Al was focused in using black-box models, principally based in ANN and deep learning.
In 2023, a project based in using the Kolmogorov-Arnold representation theorem was presented in the
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