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Abstract—This note precedes the republication of the article ‘Machine-Learning Pattern Recogni-
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One of the first challenges that revealed a real need to construct artificial-intelligence systems was that
of pattern recognition, which originated in the mid-20th century in the United States. The first answer to
this challenge was the so-called “perceptron,” which was proposed in 1957 by the U.S. scientist F. Rosen-
blatt. The key element of the perceptron was an algorithm to adjust the parameters (weights) of the func-
tional converter that classifies input signals. Claimed to be a cybernetic model of the brain, the perceptron
became the ancestor of modern artificial neural networks.

In 1963, Vladimir Andreevich Yakubovich, the founder of the Department of Theoretical Cybernetics
at Leningrad State University (now St. Petersburg State University) and one of the founders of modern
cybernetics, published an article [1] in the collection Methods of Computation published by the Leningrad
University Press, where they provided the first rigorous mathematical formulations and results on learning
machines to recognize patterns. In fact, it was the first mathematical work in the field of machine learning
in the Soviet Union and Russia, ahead of the publications of the Moscow mathematicians V.N. Vapnik
and A.Ya. Chervonenkis, who are considered two of the founders of machine-learning theory in the
Soviet Union and in the world in general [2]. Paradoxically, the titles of Vapnik’s 1973 [3] and Yakubo-
vich’s 1963 papers coincide! Later, Yakubovich published several more articles on this subject [4–6] and,
then, suggested using learning (tuning, adaptation) algorithms as algorithms of regulator adaptation for
controlling a priori unknown dynamic systems. This approach was developed at the Yakubovich’s scien-
tific school and led to the appearance in the 1960s of the first mathematical theory of adaptive control sys-
tems [7, 8]. Application of this theory leads to the construction of controllers the parameters of which are
not calculated in advance according to the data of the plant known to the developer but are adjusted as the
information about the plant’s response to the control actions applied to its input is accumulated. On the
basis of the new theory, a number of applied problems were solved [9–11].

Subsequently, the theory of learning and adaptive systems was extended to numerous problems of
training and adaptation of automatic systems and became an important part of the scientific field of arti-
ficial intelligence in its modern sense. Its advantages include the fact that the algorithms developed within
it, in addition to efficiency, are characterized by simplicity and ease of technical implementation. Cur-
rently, recognition systems are widely used (from the identification of a person by the photograph of their
pupil to the automatic recognition of printed and handwritten texts). Artificial neural networks are actively
used to solve complex problems in various branches of technology, in which a strict mathematical descrip-
tion is either very cumbersome or there is none at all. Machine learning based on artificial neural networks
became the basis for a new wave of applications of artificial intelligence systems in many areas of science
and technology, economics, medicine, etc. Adaptive systems are used to control aircraft, technological
processes, robotic systems, etc. One of the first adaptive robots in the country and in the world was built
at the Department of Theoretical Cybernetics of Leningrad State University under the guidance of
Yakubovich back in 1974.
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Yakubovich’s 1963 article anticipated the development of a whole direction in the field of intelligent
systems, which in recent years has become very important and popular. However, it has not only historical
value. The author presented not only the mathematical formalism, which was new for that time, but also
explained the methods of formalization: why in some cases the Hilbert space is considered and, in others,
the Euclidean space, why the property of convexity of sets representing concepts is important, etc. These
techniques are instructive and useful for modern researchers, while the mathematical results obtained in
the article are little known today and deserve to be introduced into mathematics. The peculiar authorial
style of the classic of science is also interesting and instructive. Finally, the article discussed the recogni-
tion of not only visual and auditory images, which enjoyed much attention in studies of recent years, but
also olfactory images, an area in which there are still very few mathematical works, and, in practice, the
level of artificial intelligence systems is still far from that of service dogs.

This explains the importance of republishing Yakubovich’s 1963 article in the Mathematical Archive
section. It is also important to note that the theory of adaptive and intelligent systems, the foundations of
which were laid out in this article presented to the readers of Vestnik, is being successfully developed at the
Department of Theoretical Cybernetics of the St. Petersburg State University, at which articles, mono-
graphs, and textbooks have been published for many years [12–20].

The first part of the article by Yakubovich is published in this volume. The second part will be pub-
lished in the next volume. The figures of the original article are preserved.

ADDITIONAL INFORMATION

To cite this work: Fradkov A.L., “Machine Learning and Artificial Intelligence in the Works of V. A. Yakubo-
vich.”Vestnik of St. Petersburg University. Mathematics. Mechanics. Astronomy, 2021, vol. 8(66), no. 4. (In Russian.)
https://doi.org/10.17073/0368-0797-2021-8-572-580.
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