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The choice of a suitable machine learning method is traditionally based on empirical
methods such ag/cross—validation, bootstrap, and heuristics. However, with the rapidly increasing
complexity of modelsand the variety of tasks, there is a need for theoretically sound approaches.
One of the potential directions is the use of concepts from the theory of models of first-order logic,
which allows us to formalize the behavior of learning algorithms through the properties of the
classes of functions described by them [1].

The concept of VC dimension (Vapnik-Chervonenkis dimension) characterizes the ability of a
class of functions to implement all possible partitions of a finite set of points into positive and
negative examples. A class of functions is considered learnable if its VC dimension is finite [2].
This means that there is a limit to its complexity, providing a controlled generalizing ability.

The VC-dimension is actively used in establishing upper bounds on generalization error within
the framework of PAC learning. For example, linear classifiers in R" haveaV C — dimensionofn +
1, whichmakesthemlearnableandpredictablewhenthenumberof featuresislimited.

The Non-Independence Property (NIP) describes the behavior of first-order theories in which
it is impossible to construct formulas capable of independently encoding infinite data sets. From a
formal perspective, NIP excludes the possibility of shattering infinite sets and is associated with

Kaparanpsr, 2025



IIoHapanbIK FRUIBIMY 3epTTEYIIEPAIH 03€eKTi Macelenepi 152

the absence of formulas that can realize all possible membership patterns. This means that in a
theory with NIP, any formula only generates "ordered"families of sets [3].

The connection between VC and NIP is established as follows: NIP classes form a subclass of
classes with finite VC-dimension, which makes them particularly interesting from the standpoint
of resistance to overfitting [4].

The use of VC-dimension and NIP enables classification of models according to their ability to
generalize [4]:

Model Class VC- NIP Comment

Dimension
Linear classifiers Low (n+1) Yes Suitable for small datasets
Decision trees (limited | Medium Yes Controlled complexity
depth)
Neural networks High No (in | Require laggesdatasets

general)

SVM with non linear | Medium / | Maylack | Deperidssmon the kernel
kernel High NIP uséd

Table 1: The use of VC-dimensiot ahdNIP

In tasks with limited data, preference is given,to NIP'models [3]. They demonstrate predictable
behavior and offer the possibility of interpretatiomand verification — for example, in medicine,
education, and law.

To illustrate the applicability of this apptoach, consider several scenarios where model selection
can be justified through properties such @s¥C-dimension and NIP.

In text classification tasks, whereldataiis often represented as sparse high-dimensional vectors
but the training set size is limited, the best choice is typically linear models with regularization
— such as logistic regression with .1 or L2 regularization, or a linear SVM. These models have
finite VC-dimension, satisfysthe NIP property, and offer good generalization while maintaining
controlled complexity,

In computerg¥ision tasks, where the data volume is large and the underlying dependencies are
complex and high=dimensional, deep convolutional neural networks (CNNs) are applied. These
architectures have high VC-dimension and generally do not satisfy NIP, but with large-scale
datasets and the use of regularization techniques (such as Dropout or Batch Normalization), stable
generalization and high accuracy can be achieved.

In research contexts — such as educational or sociological studies, where model interpretability
is more important than absolute accuracy, preference is given to simple algorithms like shallow
decision trees or naive Bayes classifiers. These models have finite VC-dimension, fall into the
NIP class, and are easily interpretable, which makes them especially valuable in applications that
demand explainability of the results.

Despite the strength of the theoretical foundations, the application of VC-dimension and NIP
in practical AutoML remains limited:

« For many modern models (e.g., transformers), VC-dimension estimates are unknown;

« Determining NIP-related properties requires model-theoretic tools that are not available in

standard machine learning frameworks;
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+ A high VC-dimension does not always lead to overfitting if the data has a specific structure
(e.g., low effective dimensionality).

Model theory offers a powerful formal language for analyzing classes of machine learning
models. VC-dimension and the NIP property serve as key indicators of a model’s generalization
ability and can be used for theoretically grounded algorithm selection based on data volume and
interpretability requirements.

The further development of interdisciplinary approaches — at the intersection of logic,
probability theory, and machine learning — may lead to the creation of new, explainable, and
provably robust ML systems.
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This article aims to explore and develop technologies for creating a virtual assistant using the
Python programming language, with the Discord online platform as a case study.

Python was chosen as the development tool because it is a powerful and versatile programming
language widely used in various areas of software development, including the creation of bots
(virtual assistants, conversational agents) for online platforms. The objective of this work was
to develop an innovative solution that meets the needs of modern users and contributes to the
development of online communities on the Discord platform.

Virtual assistants on Discord are programs designed to interact with users in an online
environment. These bots possess various functions and capabilities that allow them to participate
in discussions, provide information, entertain, and assist server members. Bots are software
applications created to automate tasks and perform specific actions within chats. The role of a
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