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Preface

The 16th International Conference on Intelligent Systems (INTELS 2024) took place
at the Lomonosov Moscow State University, Faculty of Computational Mathematics
and Cybernetics, on 2—4 December 2024. The conference has been held for 32 years
and is conducted biennially. It was established by a well-known control theory spe-
cialist, Konstantin Pupkov, who led several chairs dedicated to control theory at the
Bauman Moscow State Technical University, MIREA — Russian Technical University,
and Peoples’ Friendship University of Russia. The name of the conference — “Intelligent
Systems” — has not changed ever since. The first chairman chose a prospective subject
for the conference, as he had a clear understanding that this topic would be dominant
for many years.

INTELS 2024 was organized by several institutions: the Federal Research Center
“Computer Science and Control” of the Russian Academy of Sciences, the Lomonosov
Moscow State University, the Ivannikov Institute for System Programming, the St.
Petersburg State Electrotechnical Institute (LETI), and the Bauman Moscow State
Technical University.

The majority of conference participants were control specialists who research com-
plex systems of various natures. The goal of the conference was to enable people to share
their experience in the investigation and development of intelligent systems, as this term
is understood nowadays.

The conference included four plenary presentations. Genaro Martinez presented
research on microrobots and their ability to solve complex tasks when combined into a
structure, very similarly to how cellular automata behave. Nikolay Kuznetsov demon-
strated a phenomenon of hidden oscillations, occurring in systems of higher dimension
and sometimes being extremely difficult to spot or model numerically. Sergey Bezrod-
nykh elaborated on the use of hypergeometric functions and their application to opti-
mization problems. Askhat Diveev proposed a number of crucial problems that require
finding a function in the form of an explicit mathematical expression and proposed a
method of symbolic regression that may be applicable to these problems.

A significant part of the materials presented at the conference was dedicated to
the use of artificial neural networks in various spheres: object control, identification
and parametric optimization, text and image analysis, object recognition, etc. Among
these works, a new type of network should be emphasized: the development of a binary
perceptron-based neural network. Traditionally, works have been presented concerning
the development of intelligent systems based on symbolic regression.

Among the spheres of application, significant attention was paid by the participants
to medical topics in the context of artificial intelligence and big data analysis, which is
an essential part of intelligent systems.

A new but promising direction of research is the problem of trust in decisions made
by or with the help of artificial intelligence. It has been noted that, along with the rise
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of the impact of Al systems on everyday life, the problems of their security cannot be
neglected.

The educational mission of the INTELS Conference must also be mentioned.
Throughout its more than 30-year history, it has attracted students, postgraduates, and
young scientists whose scientific and professional future is tied to their knowledge in
the sphere of control theory, optimization, and artificial intelligence. In 2024, the orga-
nizers of the conference conducted a workshop on software and applied solutions for
artificial intelligence, where young scientists had a chance to collaborate with their more
experienced colleagues.

Since 2016, the proceedings of the INTELS Conference have been published by
leading international publishers and are indexed in global scientific databases — Scopus
and Web of Science. In 2024, the conference gathered over 250 participants from Belarus,
China, Czech Republic, India, Japan, Kazakhstan, Mexico, Russia and Vietnam.

December 2024 Askhat Diveev



Contents — Part I

On Cellular Automata and Unconventional Computation ..............
Genaro J. Martinez, Kenichi Morita, Ivan Zelinka,
and Andrew Adamatzky

Machine Learning Based Control for Motion Stabilization Along Spatial
Trajectory Through Symbolic Regression ...........................
Askhat Diveev, Elena Sofronova, Vadim Belotelov,
Sergey Konstantinov, Igor Prokopyev, and Anton Dotsenko

Transformer-XL for Long Sequence Tasks in Robotic Learning
from Demonstrations . .. ... .........uueuut
Gao Tianci

The Importance of Considering the Human Condition in Systems Designed
on the Basis of the Concept of Co-evolutionary Hybrid Intelligence ... ..
Yulia Shichkina, Muon Ha, and Danting Ma

Deterministic-Stochastic Approach for Studying the Characteristics
of Traffic Flows at Road Intersection ...............................
Marina Yashina and Nikolay Susoev

Design of an Intelligent System for Monitoring Environmental Metrics . .
Svetlana Kolmogorova, Vadim Pavlov, Sergey Ivanov,
and Romanov Nikita

Artificial Neural Networks in Non-Destructive Testing and Evaluation:
A Novel Approach to Radiographic Inspection .......................
V. Korchagin, E. Kovshov, and V. Kuvshinnikov

About Trust in Intelligent Data Analysis ............... ... .. ...
A. Grusho, N. Grusho, M. Zabezhailo, A. Zatsarinny, V. Kulchenkov,
and E. Timonina

Optimization Approach to the Problem of SD-WAN Channel Selection . .
A.V. Borisov, K.V. Semenikhin, R.L. Smelyansky, and E.P. Stepanov

One Approach to Mathematical E-Learning Systems Content Generation
Alexey V. Bosov and Alexey V. Ivanov



®

Check for
updates

On Cellular Automata
and Unconventional Computation

Genaro J. Martinez!3*(®)  Kenichi Morita!?, Ivan Zelinka!*,
and Andrew Adamatzky!*

L Computer Science Laboratory, Escuela Superior de Cémputo, Instituto Politécnico
Nacional, Mexico City, Mexico
gjuarezm@ipn.mx
2 Hiroshima University, Hiroshima, Japan
km@hiroshima-u.ac. jp
3 Unconventional Algorithms and Computation Lab, Technical University of Ostrava,
Ostrava, Czech Republic
ivan.zelinka@vsb.cz
4 Unconventional Computing Lab, University of the West of England, Bristol, UK
andrew.adamatzky@uwe.ac.uk

Abstract. Cellular automata are discrete, rule-based systems that
exhibit complex behavior emerging from simple local interactions. This
paper explores the foundational principles of cellular automata and their
applications in unconventional computing paradigms, including the mod-
eling of natural phenomena, emergent computation, and robotics. We
highlight how cellular automata systems provide a versatile framework
for solving computational problems beyond traditional architectures,
leveraging their inherent parallelism, adaptability, and scalability. Fur-
thermore, we examine their potential in robotics for decentralized control
and swarm behavior, emphasizing their role in advancing unconventional
computation.

1 Antecedents and Notation

From their inception by Ulam and von Neumann, cellular automata have cap-
tured attention as tools for simulating natural phenomena in physics, chemistry,
biology, social science, computer science, and mathematics. What has proven
particularly powerful is the concept of a cellular automaton functioning as the
algorithmic solution to several of these problems [1].

Cellular automata are discrete dynamical systems developed by von Neu-
mann around the 1950s. He was primarily interested in nonlinear phenomena,
such as the activity of the human nervous system, self-reproduction, organiza-
tion in organisms, and complex devices like cellular constructors [2]. Over more
than half a century, the cellular automata scientific community has developed
a vast and extensive body of contributions, some of which can be found in the
following books [3-11].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2026
A. Diveev et al. (Eds.): INTELS 2024, CCIS 2603, pp. 1-9, 2026.
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Generally, cellular automata can evolve in any dimension on a regular lattice.
Each position in this lattice represents an indivisible cell, which must take a
value from a finite alphabet. Their dynamics are determined by a local function
that evaluates each central cell with respect to a number of associated neighbors,
collectively forming a neighbourhood. The local function, in turn, induces a global
transition, which represents a configuration of the system. Consequently, the
evolution of a cellular automaton is a sequence of configurations of the lattice
over time, where every local transformation is performed in parallel to produce
the next global configuration.

Recurrent interest is often focused on cellular automata with chaotic or com-
plex dynamics, such as Conway’s Game of Life, Langton’s ant and loops, Critters
rule, WireWorld, HPP, spiral and beehive rules, R rule, stepper rule, rule 184,
rule 110, and others.!

Cellular automata are a 4-tuple A = (X, u, ¢, co) evolving on a regular d-
dimensional lattice, where d € Z™ and,

e Y is the finite alphabet

e 4 is the local connection, such that, y = {xop 1, . n—1.4lr € X}, and p is the
neighbourhood

e ( is the local function, such that, ¢ : ¥# — %

e ¢y is the initial condition, such that, ¢y € £2

The local function induces a global transition between configurations such as
D e )

Global functions contain inherently problems such as self-organization, non-
trivial global behaviour, and emergence. We will illustrate some of them in the
following sections.

2 Cellular Patterns Construction

Popular aspect of cellular automata is their ability to generate a vast array of
patterns rapidly. Some of these patterns have the capacity to solve intriguing
problems, including simulations of populations, growth, artificial life, fractals,
wave propagation, self-organization, and pattern formation, among others. One
of the most fascinating and powerful aspects of cellular automata is their poten-
tial for computability.

The design of specific rules can take several approaches: a relation where
every argument is specified explicitly (Fig. 1), semi-totalistic functions, totalistic
functions, Cartesian products, concatenation, automated methods (e.g., genetic
algorithms or convolution algorithms), or random generation. Many functions
evolve under a basic condition—a stable state—which is often crucial for the
emergence of non-trivial patterns.

! Complex Cellular Automata Repository. https://www.comunidad.escom.ipn.mx/
genaro/Complex_CA _repository.html.
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Figure 2 illustrates two examples of semi-totalistic functions in the context
of Conway’s Game of Life [12,13]. Figure 2a shows a high density of live cells,
resulting in three periodic static patterns growing together like a Turing pattern,
derived from the symmetric evolution rule B2 — 7/52 — 7. Figure 2b simulates
population growth, where regions of live cells interact to produce new organisms.
The evolution rule B3/5125— 8 specifies three conditions for birth, which occurs
only when a cell’s neighbors include two, three, or four live cells. In addition, the
survival condition doubles the number of living cells, ensuring a stable population
of living cells throughout its evolution.

Several rules exhibit continuous growth, and it is often challenging to halt
their expansion once it begins. However, certain functions can be adjusted to
control specific processes.

3 Unconventional Computation

A growing interest in the physical implementation of majority gates is being
explored in several directions. Three examples illustrate this trend. The first is a
spintronic device—the spin-wave majority gate—which offers low space complex-
ity and ultra-low power consumption. Fischer et al. [14] demonstrate a microwave
device that can be constructed from majority gates using a trident topology. This
device leverages the interference of spin waves, which are synchronized patterns
of electron spin.

The second example is the plasmonic majority gate, which operates at the
interface between a metal and a dielectric material. Dutta et al. [15] implement
plasmonic majority gates in nanoscale cascadable photonic media. Here, infor-
mation is encoded in the amplitude and phase of the electric wave intensity.
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(b)

Fig. 2. Cellular automata pattern formation (a) evolution rule B2 — 7/52 — 7 con-
structing periodic patterns in 471 times with a population of 345,348 live cells. (b)
Evolution rule B3/5125 — 8 construct complex pattern in 1,000 times with a popula-
tion of 3,804,839 live cells, initial density to 4% with 28,816 live cells.

Finally, quantum dot cellular automata circuits utilize majority gates by
stimulating a field of energy that manipulates four electrons within a quantum
dot to control their distribution, representing binary values [16].

Cellular automata performing computations have been implemented through
the interaction of atomic signals (cell by cell). This approach dates back to von
Neumann’s era and has been applied to numerous other rules. For example,
Fig. 3a illustrates a reversible Turing machine updating its values using single
signals [17].

Another approach involves reactions between particles—such as gliders or
mobile localizations—where complex patterns are utilized. A well-known exam-
ple is Conway’s Game of Life, where the presence or absence of these patterns
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Fig. 3. Computing with (a) single signals (primitive) and (b) compound signals (glid-
ers) in cellular automata spaces.

represents specific values. For instance, Fig. 3b shows the implementation of a
FANOUT gate through the collision of gliders [18].

An alternative paradigm in cellular automata spaces involves competing pat-
terns, as proposed in [19]. The simplest way to control patterns propagating in
a non-linear medium circuit is by constraining them geometrically. Geometri-
cally constraining the medium is a common technique in designing computa-
tional schemes within spatially extended non-linear media. For example, ‘strips’
or ‘channels’ are constructed within the medium (e.g., excitable medium) and
connected together.
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Fig. 4. Three-input majority gates implementation by competing patterns.

Fronts of propagating phases (excitation) or diffusive waves represent signals
or values of logical variables. When these fronts interact at junctions, some
fronts annihilate while new fronts may emerge. Consequently, the propagation
in the output channels represents the results of the computation. A 3-input
majority gate is implemented in Fig. 4, every input data is codified across a
particle reaction that start the propagation with dozen of alive cells competing



6 G. J. Martinez et al.

into the channels [20]. This paradigm can be applied in chemical computing,
biological computing, optical computing and wave computing [21].

Fig. 5. Robotic binary adder with optical computation, inspired in competing patterns.

Figure 5 shows the implementation of a robotic binary adder using Cubelets
robots, where light propagation is inspired by the binary adder based on com-
peting patterns. The input calculated in this snapshot is (a = 0,b = 0,¢ = 1),
yielding a sum = 0 and a carry out = 0.2 The presence and absence of light
represent true and false values, respectively (binary values), in this construction
[22].

At this stage, we can construct a robot capable of solving a variety of prob-
lems based on its description. This addresses a problem of computability where
the objective is to design a programmable system. This is achieved by building a
robot that can simulate any algorithm. In 2020, a robotic Post machine was con-
structed (using modular Cubelets robots [23]). A Post machine is a tag system,
which functions as a substitution system.

A tag system is defined by a finite alphabet 3 and a set of production rules
P, where a constant v determines the number of digits to be deleted from the
string. The production rule specifies the number of symbols to be added at the
end of the string.

Figure 6 illustrates the execution of an algorithm in several steps. The string
is represented in a three-line format, where the first line stores 1s, the second
line stores 0s, and the third line stores blank symbols B. Three distance sensors

2 A video showing all operations is available at: https://youtu.be/v604-1iGDkO.


https://youtu.be/v6O4-1iGDk0
https://youtu.be/v6O4-1iGDk0
https://youtu.be/v6O4-1iGDk0
https://youtu.be/v6O4-1iGDk0
https://youtu.be/v6O4-1iGDk0

On Cellular Automata and Unconventional Computation 7

initial: 10011
current: 11548€

p o A 30X

Fig. 6. Robotic Post tag machine. (Artificial Life Robotics Laboratory, ESCOM,
IPN, 2020)

read the presence or absence of a cube in each line, and the production rule
determines whether a symbol will be added.?

4 Final Remarks

Cellular automata (CA) have proven to be a versatile and powerful computa-
tional model with wide-ranging applications in various domains such as physics,
biology, social sciences, and computer science. The exploration of unconventional
computing paradigms, such as the use of competing patterns or the physical
implementations of majority gates, demonstrates the vast potential of CA in
simulating complex systems and solving real-world problems.

One notable advancement is the ability of cellular automata to perform com-
putations via the interaction of atomic signals, as demonstrated in the design
of reversible Turing machines and other computational constructs. The develop-
ment of systems such as robotic binary adders, where light propagation inspired
by CA patterns enables the computation of binary operations, further highlights
the practical applications of this approach. Additionally, the use of modular
robots, such as Cubelets, in simulating algorithms and solving problems, show-
cases the adaptability of CA in robotic systems and programmable machinery.

The ability to control competing patterns geometrically in non-linear media
offers a promising avenue for developing computational systems that can solve
diverse problems. By constraining media and utilizing the interactions between

3 https://www.comunidad.escom.ipn.mx/ALIROB/RoboticPostMachine/
Robotic_Tag_System.html.
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propagating fronts, it is possible to simulate logical operations and computa-
tional processes. These advancements open up new possibilities for designing
more efficient, flexible, and scalable computational systems, both in theory and
practice.

In conclusion, the continued exploration of cellular automata in unconven-
tional computing and robotics holds great promise for advancing our understand-
ing of complex systems and developing innovative solutions to pressing chal-
lenges. As new methods for controlling and manipulating these systems emerge,
we can expect to see even greater advancements in the field, further blurring the
lines between computational models and physical implementations.
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