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A B S T R A C T

The article is devoted to topical issues of genetic biomechanics, which studies structural connections between 
molecular-genetic informatics and inherited physiological complexes. It is known that amino acid sequences of 
proteins are genetically inherited using code messages in DNA and RNA molecules based on the alphabet of 4 
nucleotides. But, as Nobel laureate geneticist T. Steitz emphasizes, all knowledge about these biomolecules 
encoded in the genome in this biochemical alphabet will not tell us about the inheritance of biomechanical 
algorithms and functions by genetic automata. Thus, in modern science of biological inheritance, there is no 
knowledge about a bioinformation system capable of ensuring the inheritance of cooperative phenomena of 
algorithmic behavior of body parts. These inherited logical forms of algorithmic behavior in biosystems require 
the search for bioinformation alphabets that could form the basis for the operation of genetic automata and the 
algorithmic inheritance of biological structures. The article describes the genetic algebraic-operator alphabets, 
identified as a result of such a search, based on unitary Hadamard matrices, as well as cyclic power groups based 
on them, which make it possible to model inherited cyclic and biorhythmic structures in connection with the 
formalisms of quantum logic. The evolutionary paradigm of algebraic-alphabetic Darwinism has been formu
lated. Related issues of inherited brain mechanisms, artificial intelligence, and the functioning of operators in 
human-machine systems are discussed.

1. Introduction

P. Jordan and E. Schrödinger, two of the founders of quantum me
chanics, formulated the main difference between living and inanimate 
objects: inanimate objects are controlled by the average random motion of 
millions of particles, whose individual influence is negligible, whereas in a 
living organism, selected — genetic — molecules exert a dictatorial influ
ence on the entire living organism [McFadden and Al-Khalili, 2018]. All 
genetically inherited physiological organs are structurally coupled with the 
bioinformation system of genetic texts in DNA and RNA molecules. Un
derstanding the secrets of genetic informatics is important for the devel
opment of biotechnologies, optimization of human-machine-environment 
systems, artificial intelligence, etc. Information communication systems are 
built on the use of a particular alphabet for forming information messages. 
For example, all computer programs rely on corresponding programming 
alphabets. The science of biological inheritance today is based on knowl
edge of the alphabets of the 4 nucleotides of DNA and RNA, i.e., on 
nucleotide-alphabet bioinformatics, which has contributed much to the 

understanding of proteins and nucleic acids. But, as Nobel laureate in 
chemistry geneticist T. Steitz emphasizes, all knowledge about the 
biochemical structure of proteins and nucleic acids encoded in the genome 
will not tell us how the algorithmic actions of organisms are inherited 
[Steitz, 2007]. For example, it will not tell us how a butterfly flies. Or how a 
turtle, upon hatching, immediately begins crawling toward the water with 
coordinated movements of its limbs, which requires the logically coordi
nated activity of millions of nerve and muscle cells. Or how a newborn in
fant emits an identifying cry and begins to suckle the mother's breast, which 
also requires the logically coordinated activity of billions of his nerve and 
muscle cells. From knowledge of the nucleotide sequences in DNA/RNA, 
one cannot deduce the inheritance of the geometric beauty of biological 
forms, repeated in bodies of very different biochemical composition and 
built through the spatio-temporal ordering of trillions of different bio
molecules. Also, knowledge of the biochemical alphabet of 4 types of nu
cleotides does not allow us to understand how, in general, one-dimensional 
sequences of nucleotides in genomic DNAs can code for the inherited 
three-dimensional forms of living bodies.
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Thus, in modern science of biological inheritance, there is no 
knowledge about a bioinformation system capable of ensuring the in
heritance of phenomena of coordinated algorithmic behavior of body 
parts. These inherited logical forms of collective behavior in biosystems 
require, for their modeling, the search for an appropriate operator bio
information system based on a suitable alphabet. The point is that, 
alongside nucleotide-alphabet bioinformatics, an operator-alphabet 
bioinformatics, complementary to it, operates in the living world. This 
hidden algebraic-operator bioinformatics and its alphabet are appar
ently associated with quantum mechanics and quantum informatics, 
since genetic molecules belong to the micro-world of quantum me
chanics. In this search, special attention should be paid to unitary op
erators, on which, as logic gates, all computations in quantum 
computing are built [Nielsen and Chuang, 2010] and which in quantum 
mechanics describe the evolution of closed quantum systems. Note that 
the search for effective approaches to modeling logically organized 
biological processes is conducted worldwide, including recourse to 
quantum mechanics and quantum informatics (see, for example [Abbott 
et al., 2008; Asano et al., 2013; Khrennikov, 2004, 2006; Patel, 2001a,b; 
Petoukhov, 2023; Petoukhov and Svirin, 2024],). The article is devoted 
primarily to the genetic alphabet of 4 unitary Hadamard operators found 
by the author and the development of operator quantum-logical bioin
formatics based on it for advancing mathematical models of the inher
itance of algorithmic structure and behavior of multicomponent body 
parts, including the inheritance of many time-coordinated cyclic 
processes.

The founder of quantum informatics, Yu.I. Manin, introduced the 
concept of the quantum computer in his 1980 book precisely while 
analyzing the features of high-speed information processing by “genetic 
automata” in chromosomal DNA, prophetically pointing out the impor
tant role of unitary operators and tensor products [Manin, 1980, p.15]: 
“A quantum automaton must be abstract: its mathematical model should use 
only the most general quantum principles, without predetermining physical 
realizations. Then the model of evolution is a unitary rotation in a 
finite-dimensional Hilbert space, and the model of virtual separation into 
subsystems corresponds to the decomposition of space into a tensor product. 
Somewhere in this picture, interaction, traditionally described by Hermitian 
operators and probabilities, must find its place.” Thus, the very birth of 
quantum informatics, so promising for the development of artificial 
intelligence and quantum-logical biology, occurred due to the desire to 
understand the features of genetic informatics. The data in this article 
are consistent with the quoted prophecy of Yu.I. Manin and continue his 
investigation of the connection between genetic quantum automata and 
the formalisms of quantum mechanics.

The aim of the article is to present the results of studying the struc
tural features and applications in the field of mathematical modeling of 
the named operator-unitary alphabet of genetics and the bioinformation 
system based on it, for the development of models of the biological in
heritance system using the algebraic apparatus of quantum mechanics 
and quantum informatics.

2. Genetic matrices of nucleotide alphabets of DNA and the 
genetic alphabet of 4 unitary Hadamard operators

Amino acid sequences of proteins are inherited thanks to information 
messages on genetic DNA molecules, written in the alphabet of 4 nu
cleotides: adenine A, cytosine C, guanine G, and thymine T. This al
phabet is a carrier of a system of binary-opposition indicators (molecular 
features) that distinguish three types of binary sub-alphabets within it:

− 1) Two of these nucleotides are pyrimidines (C and T), containing 
one benzene ring in their molecule, while the other two are purines (A 
and G), having two rings in their molecule. This gives a binary repre
sentation (binary sub-alphabet) C = T =þ1, A =G = -1; - 2) Two of 
these nucleotides are amino-molecules (C and A), and the other two (T 
and G) are keto-molecules, which gives a binary representation 
C =A =þ1, T =G = -1; - 3) The pairs of complementary nucleotides C- 

G and A-T are connected by 3 and 2 hydrogen bonds respectively (called 
in genetics weak and strong hydrogen bonds), which gives a binary 
representation C =G =þ1, A = T = -1.

These binary features of the nucleotide alphabet of DNA (and RNA) 
of all living organisms are summarized in Table 1.

In the right part of this phenomenological Table 1, a symmetric 
Hadamard matrix of the fourth order appeared, which is a real Hermi
tian matrix, whose quadrants are occupied by 4 types of Hadamard 
matrices of the second order. Recall that Hadamard matrices Hn of order 
n are square matrices composed of elements +1 and − 1 satisfying the 
criterion Hn ×Hn

T = nE, where E is the identity matrix of order n. Fig. 1
shows these 4 Hadamard matrices of the second order from Table 1, 
normalized by the factor 2− 0.5, traditionally used in quantum mechanics 
and quantum computers to give the matrices a unitary character. 
Hadamard matrices have many remarkable properties and applications.

The identification of this connection between the molecular nucle
otide alphabet of DNA and these 4 unitary Hadamard matrices is 
important due to the significance of unitary transformations (unitary 
operators) for quantum mechanics, quantum computing, signal pro
cessing engineering, etc. Unitary transformations preserve vector 
lengths and scalar products (preserve the metric), representing rotation 
and reflection operators. Unitary matrices by definition satisfy the cri
terion: the product of a unitary matrix and its transposed version equal 
unity matrix. Unitary transformations with real components are also 
called orthogonal transformations, but we will use their more general 
name in this article - “unitary transformations” - under which they are 
better known in various fields of science. In quantum mechanics, unitary 
transformations describe the time evolution of closed quantum systems, 
and in quantum mechanics observable quantities are represented not by 
numbers, but by operators (unlike classical mechanics). In quantum 
computers, all computations are performed precisely on the basis of 
unitary operators, acting as gates, and any unitary operator can be used 
as a gate in quantum computing [Nielsen and Chuang, 2010]. Hadamard 
matrices are fundamental building blocks of quantum computers, 
providing qubit superposition, and are also a key element of quantum 
parallelism in the quantum Fourier transform and other quantum 
algorithms.

The genetic coding system is highly noise-immune. According to 
Mendel's law of independent inheritance of traits, information from the 
quantum level of DNA molecules determines the macrostructure of 
living organisms through multiple independent channels, despite sig
nificant noise. Thus, hair, eye, and skin color are inherited indepen
dently. Accordingly, each organism is a multichannel noise-immune 
coding probabilistic machine and possesses certain algebraic- 
holographic properties [Petoukhov, 2022; Petoukhov, 2023, Chapters 
2, 5]. In light of this, we note that Hadamard matrices are the basic 
elements of tensor networks, on which the well-known holographic 
quantum error-correcting codes developed at the Institute for Quantum 
Information Science and Matter (Caltech, USA) are built [Pastawski 
et al., 2015; Preskill, 2016]. Fig. 2 reproduces an explanatory illustra
tion from the work [Preskill, 2016] by the director of this Institute, 
Professor Preskill. He shows a close connection between two remarkable 
ideas in physics - the holographic principle and quantum error correc
tion; this connection opens, in particular, the possibility of considering 
space-time as a quantum code that corrects errors. This work also em
phasizes the conjugation of the described holographic quantum codes 

Table 1 
The system of binary-opposition traits of 4 DNA nucleotides. Benzene rings are 
found in all of these nucleotides.

Molecular traits and their symbols G A T C

pyrimidines þ1, purines -1 ¡1 ¡1 þ1 þ1
amino-nucleotides þ1, keto-nucleotides -1 ¡1 þ1 ¡1 þ1
complementarity with 3 or 2 hydrogen bonds: þ1, -1 þ1 ¡1 ¡1 þ1
the presence of benzene rings: þ1 þ1 þ1 þ1 þ1
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with the Poincaré conformal-disk model of hyperbolic geometry (Fig. 2
includes a graphic symbol of this model). But the connection between 
the Poincaré conformal-disk model of hyperbolic geometry and the ge
netic coding system was independently revealed based on the analysis of 
the binary-opposition structure of this genetic system and the statistical 
rules of genomic informatics [Petoukhov, 2022; Petoukhov, 2023; 
Petoukhov, 2023, Chapters 2, 5]. These data testify in favor that holo
graphic quantum error-correcting codes using unitary Hadamard 
matrices are appropriate algebraic tools for modeling and understanding 
the considered inherited properties of quantum-like organisms.

We will call the four unitary operators HC, HA, HT, and HG (Fig. 1) 
genetic Hadamard gates and consider them as the sought quantum- 
operator alphabet, forming the basis of a quantum-logical bio
information system for mathematical modeling of the phenomena of 
inheritance of algorithmic structures in genetic biomechanics. These 4 
matrices cyclically transform into each other upon repeated 90-degree 
rotations. This same set of 4 Hadamard matrices is revealed when 
analyzing molecular-genetic informatics from other approaches in ma
trix genetics, where genetic ensembles are analyzed in matrix forms 
[Petoukhov and He, 2010, 2023]. For example, placing all 4 nucleotides 
in a (2x2)-matrix in an arbitrary order and considering all possible 
variants of cyclic shifts of nucleotides within it (or its cyclic rotations by 
90◦), we obtain a set of 4 matrices in Fig. 3.

But in the DNA alphabet of 4 nucleotides, nature has embedded one 
more binary opposition: during the transition from DNA to RNA, only 
one nucleotide T (thymine) is replaced by nucleotide U (uracil), while 
the remaining nucleotides C, A, G remain unchanged. This binary op
position is expressed by the representation: C = A = G = +1, T = − 1. 
Taking this binary representation into account transforms the 4 sym
bolic genetic matrices from Fig. 3 into the 4 numerical matrices in Fig. 4, 
which are the same Hadamard matrices considered above in connection 
with Fig. 1 and which become unitary matrices HC, HA, HT, and HG upon 
the same traditional normalization by multiplying by the factor 2− 0.5.

Briefly mention that analogous Hadamard (2 × 2)-matrices are also 
revealed in other types of analysis of structural and stochastic features of 
genetic informatics. For example, taking into account the well-known 

second Chargaff rule [Fimmel et al., 2020] about the ratio of probabil
ities of the 4 nucleotides in all long single-stranded DNAs (length >100 
kbit) of higher and lower organisms leads to a real Hermitian probability 
matrix WD = [0.5, 0.5; 0.5, 0.5]. This genetic Hermitian matrix WD is 
doubly stochastic: the sum of elements in each row and each column of 
such a matrix equals one. Regarding doubly stochastic matrices, the 
following theorem is known [Prasolov, 2008]: 

- If matrix V ¼ ||vij||n is unitary, then matrix W ¼ ||wij||n, where wij ¼

|vij|2, is doubly stochastic.

According to this theorem, the specified doubly stochastic genetic 
probability matrix W

D corresponds to 4 unitary alphabet Hadamard 
matrices HC, HA, HT, and HG (Fig. 1): squaring all components of each of 
these unitary matrices generates the doubly stochastic matrix W

D . Note 
that these same 4 unitary matrices HC, HA, HT, and HG, but taken with a 
minus sign, are treated as their trivial analog and are not considered 
separately. The collection of obtained results from analyzing molecular- 
genetic informatics allows us to speak of the fundamental bio
information significance of these alphabet unitary Hadamard matrices 
for the bioinformation coding of inherited algorithmic structures asso
ciated with the ideology of closed quantum-like biosystems. These 
should include inherited cyclic and biorhythmic phenomena, which, as 
will be shown below, are effectively modeled using the named unitary 
matrices.

One of these 4 genetic unitary Hadamard operators (gates) – HT – has 
long been used in quantum computers for fundamental operations on 
qubits, being a key element in many quantum algorithms, including the 
Deutsch-Jozsa algorithm and Shor's algorithm. This Hadamard gate 
provides the superposition principle in quantum algorithms for working 
with quantum entanglement, thereby demonstrating quantum suprem
acy — their significantly more efficient operation compared to known 
classical algorithms [Nielsen and Chuang, 2010].

Fig. 1. Four unitary Hadamard matrices HC, HA, HT, and HG.

Fig. 2. The illustration of the theme of holographic quantum error-correcting codes from [Preskill, 2016]. On the left is the symbol for the Poincaré conformal disk 
model of hyperbolic geometry. The illustration is reproduced with the kind permission of Prof. J. Preskill.

Fig. 3. Example of a cyclic set of 4 matrices of nucleotides C, A, G, T, trans
forming into each other upon cyclic shifts of nucleotides in the initial left matrix 
containing an arbitrary arrangement of nucleotides.

Fig. 4. Set of 4 Hadamard matrices arising from the 4 symbolic genetic 
matrices in Fig. 3 when considering the described binary opposition of nucle
otide T to nucleotides A, C, G, giving the binary representation: C = A = G =
+1, T = − 1.
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Of the 4 genetic Hadamard gates, two gates HA, HT are reflection 
operators. Raising them to integer powers generates corresponding cy
clic groups of unitary operators with period 2. The other two unitary 
matrices (HC, HG) are rotation operators (HC counterclockwise, HG 
clockwise) and matrix representations of the complex number 
Z = 2− 0.5(1 + i), where i is the imaginary unit of complex numbers (i2 = - 
1). Repeatedly raising these unitary matrices HC and HG to integer 
powers (positive and negative) generates cyclic (with period 8) groups 
of unitary operators, which are matrix representations of complex 
numbers (1). 

HC
n =HC

n+8,HG
n = HG

n+8,HA
n = HA

n+2,HT
n = HT

n+2 (1) 

Any of the unitary matrices HC and HG can be represented as the 
product of k unitary matrices that are the k-th roots of it. In other words, 
the action of one unitary operator, for example, operator HC, can be 
represented as the action of a sequence of k more fractional unitary 
operators HC

1/k. Thus, in the matrix-vector approach, any large trans
formation in a system from the action of such a whole operator HC can be 
represented as consisting of a sequence of arbitrarily small trans
formations from the action of the corresponding sequence of unitary 
operators HC

1/k for modeling quasi-continuous transformations in cyclic 
processes. Additionally, note that raising the genetic gates HC and HG to 
a power, representing stepwise a cyclic function of time, allows the 
construction of digital twins of quasi-continuous cyclic bioprocesses in 
the form of vector sequences of their stepwise states.

In quantum logic, projectors (projection operators) play an impor
tant role. In light of this, note that the unitary Hadamard matrices in 
operators HC and HG are sums of sparse matrices representing projectors 
Ps, satisfying the projector criterion P2 = P, and shown in expression (2) 
in parentheses: 

HC = 2− 0.5⋅[1 − 1;1 1] = 2− 0.5⋅([1,0; 1, 0] + [0, − 1;0, 1]),
HG = 2− 0.5⋅[1 1; − 1 1] = 2− 0.5⋅([1,0; − 1,0] + [0,1; 0, 1])

Many genetically inherited biological structures in organisms are 
obviously associated with unitary transformations of rotations and re
flections. For example, the kinematic scheme of the human body and its 
locomotion is based on unitary transformations of rotations in joints (the 
human body has about 300 joints) and the mirror symmetry of the left 
and right halves of the body. Human motor activity comes down to the 
skillful control by the nervous system of ensembles of these unitary 
transformations in body kinematics, which is associated with the 
genetically inherited ability of the nervous system to operate with uni
tary transformations. Moreover, a person's very representation of their 
body schema is innate: people born without limbs and having no per
sonal experience of using them nevertheless feel them as really existing, 
with phantom pains in them [Vetter and Weinstein, 1967; Weinstein and 
Sersen, 1961].

When studying human sensorimotor features, it must be considered 
that the genetically inherited nervous system is related in its structural 
organization to genetic structures. A person sees the world through 
probabilities in statistical signal streams from retinal neurons (con
taining millions of receptor cells) and other sense organs. The father of 
cybernetics, Norbert Wiener, asserted: “genetic memory – the memory of 
our genes – is determined, essentially, by nucleic acid complexes … there are 
reasons to think that the memory of the nervous system has the same nature” 
[Wiener, 1964; Rebrova and Rebrova, 2020].

Another example of the biological importance of unitary trans
formations is the construction of the complex three-dimensional shape 
of proteins in the organism, i.e., protein folding. These shapes are built 
on unitary transformations of rotation of protein molecule segments 
relative to each other around relatively strong carbon-carbon bonds.

The author proposes to consider and use the family of 4 genetic 
unitary Hadamard operators HC, HA, HT, and HG (Fig. 1) as a basic 
quantum-logical genetic alphabet for developing, on its basis, a theory of 
a quantum-logical bioinformation system that allows modeling the 

inheritance of algorithmically organized biological structures and phe
nomena, primarily of a cyclic and rhythmic nature, as described in the 
preprint [Petoukhov, 2025a]. Due to this, this type of algebraic-operator 
bioinformation system is briefly termed “cyclic bioinformatics”. Within 
its framework, unitary matrix representations of Hamilton quaternions 
and biquaternions, projection operators, etc., arise and are investigated 
[ibid.].

Here, the distinctive features of quantum logic should be explained 
[Cohen, 1989; Vasyukov, 2005]. Quantum logic, from a formal point of 
view, is an algebraic system for describing, using quantum gates, how 
qubits work and interact, and how to extract information from them. In 
quantum logic, “logic” lies not in reasoning, but in the mathematical 
description of states and operations. Quantum logic can be formulated as 
a modified version of propositional logic. For comparison, recall that 
classical Boolean logic is a set of logical rules (AND, OR, NOT, etc.) 
describing how bits (0 or 1) can be combined and transformed according 
to the laws of Boolean algebra with its key principle of distributivity and 
statements of “true” or “false”. Quantum logic considers not “true/false” 
statements, but questions posed to a quantum system. The answer to 
such a question is the probability value obtained from measurement. 
Logical operations are replaced by quantum gates (unitary operations): 
NOT becomes the X gate, and completely new operations appear, having 
no analogues in classical logic, for example, the Hadamard gate, which 
creates superposition. Quantum logic works with qubits, vectors, and 
matrices, not with mathematical sets. Its mathematical foundation is the 
theory of Hilbert spaces and projective and unitary operators. The state 
space of a quantum system is described by vectors, and rotations of these 
vectors serve as logical operations. In quantum logic, distributivity is 
absent, which is considered its key difference from Boolean logic. 
Quantum logic is a branch of logic necessary for reasoning about 
propositions that take into account the principles of quantum theory. It 
was founded by the work of G. Birkhoff and J. von Neumann [Birkhoff 
and von Neumann, 1936], who attempted to reconcile the inconsistency 
of classical logic with facts concerning measurements in quantum me
chanics and saw in quantum logic a possible foundation for physics.

3. Unitary Hadamard operators and modeling of inheritance of 
cyclic biostructures

The unitary Hadamard matrices of the quantum-operator bioinfor
matics alphabet HC, HA, HT, and HG (Fig. 1) and many types of their 
combinations into higher-order unitary matrices form — upon repeated 
exponentiation (i.e., repeated action of these matrix operators) — cyclic 
groups of operators having different periods and used for modeling cy
clic sequences of states of quantum-like systems. The resulting algebraic- 
geometric apparatus is intended, first of all, for quantum-logical 
modeling of the inheritance of many cyclic and hypercyclic bio
structures in genetic biomechanics.

A living organism is a huge chorus of inherited cyclic processes. 
Examples include the cyclical functioning of the heart and lungs, as well 
as the functioning of proteins, which exist in continuous cycles of life 
and death, alternately breaking down into amino acids and reassembling 
them. For example, the half-life of the hormone insulin is 6-9 min. The 
universal source of energy for all biochemical processes of living or
ganisms on Earth is ATP (adenosine triphosphate). The lifetime of one 
ATP molecule in humans is less than a minute. Within a day, one ATP 
molecule in humans cycles through the Krebs cycle on average 2000- 
3000 times. The human body synthesizes about 40 kg of ATP per day 
because ATP cannot be stored [Neupane et al., 2019]. In short, the 
inherited parts of our body constantly die and are reborn in a cyclical 
manner. Taking this into account, the renowned physiologist A.G. 
Gurvich asserted: “The main problem in biology is maintaining form while 
constantly renewing the substrate” [Gurvich, 1977]. Somatic cells of the 
body divide cyclically (mitosis), accompanied by a cyclic change in the 
stages of cell division. An important role in this is played by proteins 
with the characteristic name “cyclins,” whose concentration in the cell 
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changes cyclically, and their study is important for combating onco
logical diseases, etc. Corresponding work on cyclins and cyclic cell di
vision was awarded the Nobel Prize in 2001 [Bruce, 2001]. A cyclic 
regular change in states during the day exists, in particular, in chro
matin, containing DNA and regulatory proteins, as well as in the liver, 
whose cyclic change in states is regulated by more than three thousand 
molecular switches [Vollmers et al., 2012]. These interconnected cyclic 
phenomena are closely intertwined with the topic of internal biological 
clocks, the study of the molecular cyclic foundations of which was 
awarded the Nobel Prize in 2017 for the discovery that biological clocks 
function according to the same principles in the cells of various multi
cellular organisms, including humans [Press release, 2017]. Cyclomeric 
multi-block forms of living bodies also represent a vast area for the 
described quantum-logical modeling using cyclic groups of operators. A 
series of works is devoted to the substantive topic of cyclic shifts in code 
genetic sequences [Fimmel, Michel, Pirot, et al., 2019; Fimmel et al., 
2020; Fimmel et al., 2020, and others].

It should be noted that the artistic creativity of people at all times has 
been associated with the use of cyclic and hypercyclic constructions. The 
book “The Glass Bead Game” by Nobel literature laureate H. Hesse is 
dedicated to a game whose goal is to find a deep structural- 
mathematical connection between subjects from different fields of sci
ence and art [Hesse, 2007]. In essence, the “glass bead game” is the art of 
composing a metatext, a synthesis of all branches of art into one, uni
versal art. In our opinion, the genetic texts of DNA, with their hidden 
patterns and conjugation with the formalisms of quantum logic, are 
those metatexts on which biological texts and cyclic constructions of 
various natures are built, including the constructions of mathematical 
and artistic creativity of people. Note that the quantum-logical approach 
developed by the author to inherited cyclic and hypercyclic bio
structures based on the alphabet of genetic Hadamard gates and the 
mathematical apparatus of quantum-logical biology fundamentally dif
fers from the well-known biochemical concept of catalytic cycles and 
hypercycles [Eigen and Schuster, 1979].

In clearing the mechanisms linking Hadamard unitary operators to 
real periodic and other biological processes, the author believes that the 
following three aspects should be used. First, the resonance theory of 
oscillatory systems with many degrees of freedom, whose conjugation 
with the structures of molecular genetic informatics is known 
[Petoukhov, 2016]. Second, the ancient principle of “like begets like,” 
fundamental to biology and used in genetics [Petoukhov, 2023]. Third, 
as noted above, Hadamard unitary matrices are related to the holo
graphic quantum codes and the Poincaré conformal-disk model of hy
perbolic geometry (Fig. 2). It was precisely on Lobachevsky's hyperbolic 
geometry that Poincaré built his theory of automorphic functions, which 
play a key role in number theory, algebraic geometry, and mathematical 
physics. Automorphic functions are a generalization of periodic func
tions, and they can be naturally applied to modeling inherited ensembles 
of biorhythmic and quasi-periodic processes, whose frequencies can 
vary and in which the phenomenon of autosynchronization is possible, 
described by the Kuramoto model for ensembles of oscillators 
[Kuramoto, 1984].

World research in the field of genetic informatics largely relies on the 
basic fact of the existence in the DNA of all organisms of a bio
information system based on the molecular alphabet of 4 nucleotides C, 
G, A, T and its extensions into alphabets of 16 duplets, 64 triplets, etc. In 
parallel with this system based on the molecular alphabet of 4 nucleo
tides, it is now possible and necessary in bioinformatics and genetic 
biomechanics to work with a system based on the operator alphabet of 4 
genetic Hadamard gates, i.e., with an alphabet system of a fundamen
tally new type: a system of a quantum-logical operator-code alphabet of 
4 unitary matrices HC, HA, HT, and HG (Fig. 1) and its tensor extensions 
into operator alphabets of 16 unitary duplets, 64 unitary triplets, etc. On 
this basis, interconnected sets of higher-order unitary operators arise, as 
well as their cyclic power groups, providing new approaches for 
modeling, first of all, inherited cyclic and biorhythmic phenomena, as 

outlined by the author in the preprint [Petoukhov, 2025]. Let us give 
two examples of such modeling here, related to unitary quaternions and 
biquaternions.

Let us turn to the formation, based on genetic Hadamard gates HC, 
HA, HT, and HG (Fig. 1), of multi-block unitary Hadamard matrices 
representing unitary forms of Hamiltonian quaternions and biquatern
ions, with which much in physics, robotics, artificial intelligence, etc., is 
associated and to which thousands of works have been devoted only in 
the 20th century [Gsponer and Hurni, 2008]. This attention to them is 
due to the fact that quaternions are closely related to Pauli matrices, the 
theory of the electromagnetic field, the quantum-mechanical theory of 
chemical valence, spin theory, rotation of bodies in three-dimensional 
space, etc. In particular, operators describing the 
vibrational-rotational states of molecules have a quaternion structure 
[Lobodennko, 2009].

Fig. 5 shows a block matrix Q, whose blocks are the genetic gates HG 
and HA with a weight factor ensuring its unitarity. It is a unitary 
Hadamard matrix (the factor 0.5 for the usual (4x4)-Hadamard matrix 
ensures its unitarity). Let us show that this matrix Q is a matrix repre
sentation of a Hamilton quaternion.

Indeed, as shown in Fig. 6, this matrix Q is the sum of four sparse 
matrices v0, v1, v2, v3: Q = 0.5 (v0+v1+v2+v3), where v0 is the identity 
matrix. This set of sparse matrices is closed under multiplication and 
defines their multiplication table, coinciding with the known multipli
cation table of the basic elements of the Hamilton quaternion algebra 
[Kantor and Solodovnikov, 1989]. This means that matrix Q is a unitary 
matrix representation of the quaternion Q = 0.5v0 + 0.5v1 + 0.5v2 +

0.5v3, where v1, v2, v3 represent the imaginary units of the quaternion. 
Quaternions and biquaternions having unitary matrix representations 
can be conditionally called for brevity “unitary quaternions” and “uni
tary biquaternions".

A unitary quaternion, when raised to a power, forms cyclic unitary 
group with a period of 6. An example of 6 members of one period of such 
a group Qn is given in Fig. 7.

The members of the cyclic group of the unitary quaternion Qn shown 
in Fig. 7 are mutually consistent under the addition operation. Indeed, 
this cyclic group of unitary quaternions Qn with period 6 has the 
following properties, which can be conveniently illustrated by arranging 
the sequence of matrix members of the group on a clock-shaped circle 
(Fig. 8): 

− 1) Unitary quaternions opposite to each other on a circle have 
opposite signs (Qk = -Qkþ3) and, when added together, yield zero, i. 
e., they are complementary;

− 2) Each unitary quaternion on a circle is the sum of two adjacent 
unitary quaternions on its sides, i.e., Qk =Qk¡1 þ Qkþ1;

− 3) The sum of the unitary quaternions at the vertices of each of the 
two triangles of the “Star of David” is zero, i.e., Q1 þ Q3 þ Q5 ¼ Q2 

þ Q4 þ Q6 = the zero matrix.

These cyclic groups of unitary quaternions can be used to model 
biological systems as quantum-logical objects. One possible model 
application of this cyclic power group of unitary quaternions with period 
6 concerns inherited color perception, the properties of which struc
turally correspond to Newton's 6-sector color circle shown in Fig. 8. This 

Fig. 5. Unitary matrix representation Q of a Hamilton quaternion.
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figure also depicts all 6 members of one period of the cyclic group of the 
unitary quaternion Qn from Fig. 7 (i.e., Q1, Q2, Q3, Q4, Q5, Q6) as 
unitary matrix representations of these colors.

The enumerated properties of the cyclic group of the unitary Ham
ilton quaternion Qn turn out to be identical to the phenomenological 
properties of inherited color perception, represented on Newton's 6- 
sector color circle (Fig. 8). This circle illustrates that color perception 
is based on three primary colors (red, blue, green) and three comple
mentary colors (cyan, yellow, magenta), lying at the vertices of two 
triangles of its “Star of David”. On Newton's color circle, color percep
tion is represented by the following phenomenological properties, 
analogous to the just-named structural-algebraic properties of the 
ensemble of members of the cyclic group of unitary quaternions Qn: 

− 1) opposite colors on the circle are complementary and cancel each 
other out when superimposed;

− 2) each color on the circle represents the sum of the two colors 
adjacent to it;

− 3) the three primary colors, as well as the three complementary 
colors, standing at the vertices of the two triangles of the “Star of 
David”, cancel each other out when superimposed.

Inherited color perception is built on the interaction of visual re
ceptors with photons (quanta of electromagnetic waves), that is, it 
related to quantum mechanics and quantum informatics. It is not 
without reason that the founder of the wave theory of quantum 

mechanics, E. Schrödinger, conducted fundamental research in the field 
of color metrics and the theory of color perception in the period from 
1920 to 1926, relying on the idea of the importance of understanding the 
laws of human sensory perception of the world for all of physics; his key 
idea was that the space of color perception has a non-Euclidean nature 
[Niall, 2017]. It seems that further study of phenomenological proper
ties of inherited color perception in their connections with genetic 
informatics are important materials to progress quantum information 
biology. Incidentally, one can note the existence of a certain analogy 
between a circle divided into arbitrarily small fragments by an ordered 
sequence of such unitary power quaternions and ancient ideas about the 
cycle of rebirth (for example, the wheel of samsara – one of the central 
concepts in ancient Indian philosophy).

The problem of color mixing can now formally be solved using the 
quantum-logical language of the cyclic group of unitary Hamilton qua
ternions (built on the genetic alphabet of unitary Hadamard gates), if 
each of the 6 colors of Newton's circle is assigned a unitary quaternion Q 
to the corresponding power, as shown in Fig. 8. For example, what color 
results from mixing 3 parts red, 2 parts yellow, and 5 parts blue? The 
answer is obtained by summing the corresponding unitary quaternions: 
3Q1 + 2Q6 + 5Q3 = 3Q2, i.e., 3 parts magenta. In psychophysics, it is 
known that color is not a physical property of an object, but an inherited 
psychophysical reaction of a person to the light stimulus coming from 
the object, considering the overall light environment. In modern liter
ature, the features of color perception, like other features of sensory 
experience, are denoted by the term “qualia”; the topic of qualia is one of 

Fig. 6. Unitary Hadamard matrix Q = 0.5 (v0+v1+v2+v3) as a sum of 4 sparse matrices. The multiplication table of this set of sparse matrices is shown, closed under 
multiplication and corresponding to the multiplication table of the Hamilton quaternion algebra.

Fig. 7. Sequence of matrices Qn (n = 1, 2, 3, 4, 5, 6) for the unitary quaternion Q from Fig. 5.
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the most acute and widely discussed topics in contemporary philosophy, 
seeing it as the key to understanding the nature of consciousness.

If we initially take a unitary quaternion to a fractional power 1/k, 
where k is a positive integer, and then raise it to integer powers n, then 
using the resulting cyclic sequence of unitary quaternions Qn/k, by 
choosing the desired value of k, we can divide Newton's color circle into 
any desired number of parts, for example, 80, and not just 6 as in 
Newton's circle. In this case, each part of the circle upon such division is 
associated with its own unitary quaternion to the appropriate power. 
Based on the classical color circle in Fig. 8 and the assignment indicated 
there of each primary color to a unitary quaternion of the corresponding 
power, one can calculate, through the mathematics of unitary quater
nions, which specific color shade, for example, out of 80 shades, cor
responds to a unitary quaternion in a specific power. In other words, a 
regular sequence of unitary quaternions in fractional powers can be 
matched with a regular sequence of the same number of color shades, 
each receiving its own mathematical identification in the form of a 
unitary quaternion to the appropriate power. Thus, we obtain a regular 
“unitary-quaternion palette” of color shades, arbitrarily detailed. The 
considered sequence of unitary quaternions Qn/k (where n = 1, 2, 3, …) 
is endowed with the following regularities (3): 

Qn/k = Qn/k+6; Qn/k = Qn/k− 1 + Qn/k+1; Qn/k = − Qn/k+3 (3) 

The mentioned comparison of an ordered sequence of unitary qua
ternions with a corresponding ordered sequence of color shades is use
ful, for example, in connection with the widely known psychophysical 
Lüscher color test [Lüscher, 1971; Dragunsky, 2001]. It is applied, in 
particular, in ergonomics to assess the psychophysiological state of a 
worker, their stress resistance, activity level, communication abilities, 
optimal career guidance, etc. When conducting the Lüscher test, the 
subject is presented with a set of colored cards (there may be several 
dozen of cards), which the subject must arrange in a sequence starting 
from the most pleasant color shades to the most unpleasant. Based on the 
created color sequence, the specialist makes the desired conclusion 
about the psychophysiological state of the subject. Considering our data 
described above, it is now possible to represent the color sequence ob
tained in the test as a sequence of corresponding unitary quaternions, 

conducting its mathematical analysis for a deeper characterization of the 
psychophysiological state of the subjects, associated with their genetic 
quantum-logical features.

Cyclic groups of unitary quaternions can also be used for quantum- 
logical modeling of: innate algorithmic movements of limbs in human 
and animal locomotion; formation of the three-dimensional structure of 
proteins based on relative rotations of adjacent segments of the protein 
molecule (protein folding), etc. The hypothesis about the leading role of 
Hamilton quaternion operators (with their specific connection to rota
tions in three-dimensional physical space) in protein folding was already 
expressed earlier in the work [Carlevaro et al., 2016], together with an 
attempt, not related to quantum logic, quantum informatics, and unitary 
operators, to interpret nucleotide and amino acid sequences as se
quences of quaternions. The article [Hanson and Thakur, 2012] is also 
devoted to applications of quaternions to inherited global protein 
structures.

Now consider an example of a matrix representation of unitary 
biquaternions in the form of a block (8 × 8)-matrix B, whose (2 × 2)- 
blocks are the alphabet genetic Hadamard gates (Fig. 9). It is a unitary 
Hadamard matrix, satisfying the unitarity criterion: B•BT = E, where BT 

is the transposed version of B, and E is the identity matrix of the eighth 
order.

Let us show that it serves as a matrix representation of a biquatern
ion. Indeed, the matrix B is the sum of 8 sparse matrices, the set of which 
is closed under multiplication and corresponds to the multiplication 
table known in biquaternion algebra and shown below in Fig. 10.

Thus, the unitary matrix B is a matrix representation of the biqua
ternion 2− 1.5(b0+b1+b2+b3+b4+b5+b6+b7), which can be called a 
unitary biquaternion. Raising this unitary biquaternion B to integer 
powers generates a cyclic group of unitary transformations with a period 
of 24 and a number of regular relationships between its different 
members, including opposite-sign members of the power group sepa
rated by 12 powers (4): 

Bn =Bn+24,Bn = − Bn+12,Bn =Bn− 4 +Bn+4,Bn = −
(
Bn− 8 +Bn+8),Bn

=2− 0.5( Bn− 3 +Bn+3) (4) 

The quantum-logical properties of this cyclic group Bn of the unitary 
biquaternion allow it to be used for modeling the features of 24-h bio
logical rhythms (circadian rhythms), especially since biquaternions in 
physics are traditionally used for modeling spatio-temporal relation
ships. Since ancient times, it has been known that different physiological 
subsystems of our organism go through coordinated phases of activity 
and passivity during the day, which, according to ancient and modern 
medicine, determines humanity's division of the day into 24 h [Wright, 
2003]. Time is called the “fundamental factor of life,” perceived by all 
organisms at all times [ibid.]. The biorhythmic organization of inherited 
processes is distributed throughout the body of organisms of various 
species, including those lacking a nervous system. Biological clocks, 
counting minutes, months, and years, ensure the coordinated work of 
body parts according to a specific plan. They are responsible for the 
aging process and death, and their malfunctions are linked to cancer, 
Parkinson's disease, etc.

The cyclic group of the unitary biquaternion Bn, obtained by raising 
it to integer powers and having a period of 24 (i.e., the sequence of 
powers 1, 2, 3, …, 24 in one period of this group of unitary operators 
Bn), is, in our quantum-logical approach, analogous to the 24-h clock 
dial in Fig. 11 and, accordingly, a model of the circadian 24-h biorhythm 
(this is clearly demonstrated by placing the sequence of 24 members of 
one period of this cyclic group of biquaternions Bn on the shown clock 
dial, divided into 24 parts).

The unitary biquaternions Bn and Bnþ12 opposite on the dial differ 
only in opposite sign (Bn = –Bnþ12) by analogy with the opposition of 
daytime and nighttime hours on it. For example, in everyday life, instead 
of “14 o'clock”, people often say “2 o'clock in the afternoon”, naming the 
opposite number on this dial.

Fig. 8. Newton's color circle from the psychophysics of color perception and 
the correspondence to it of the matrix members of the cyclic group of the 
unitary Hamiltonian quaternion Qn, the period of which is 6. In each matrix, the 
black cells contain the numbers "+0.5″, and the white ones contain "-0.5". The 
symbol E denotes the identity matrix. (For interpretation of the references to 
color in this figure legend, the reader is referred to the Web version of 
this article.)
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Note that, by analogy with raising the unitary quaternion to frac
tional powers described above, raising the unitary biquaternion B to 
fractional powers allows us to obtain a division of the model 24-h dial 
into smaller divisions, for example, into 1440 min, as well as into larger 
divisions, for example, eight 3-h divisions. This transition to sequences 
of smaller time intervals is useful for modeling ultradian rhythms, i.e., 
biological cycles with a period of less than 24 h (usually from minutes to 
10-12 h), repeated several times a day; they regulate vital processes, 
including sleep phases (about 90-100 min), heartbeat, digestion, hor
monal activity, as well as fluctuations in performance levels and 
emotional states.

The alphabet unitary Hadamard matrices HC, HA, HT, and HG 
(Fig. 1), and their tensor-extended versions are associated with corre
sponding complete orthogonal systems of Walsh functions. The latter 
are, in digital informatics, the basis of spectral analysis of signals, called 
Harmut's sequency analysis [Harmuth, 1977], and are associated with 
cyclic Gray codes, logical holography, Walsh antennas, and also the 
fractal Hilbert curve, which is known to correspond to spatial 

organization of the human genome in the cell nucleus according to the 
work [Lieberman-Aiden et al., 2009]. This point will not be elaborated 
upon here, directing the interested reader to works on the relevant topic. 
The next section shows the connection of Walsh-Hadamard spectral 
analysis with the discovered statistical universality in the organization 
of genomic DNAs of various organisms, which confirms the reality of the 
considered algebraic-alphabetic approach to bioinformatics and also 
indicates the existence of hidden informational structures in genetics 
related to the dichotomous principle of “even and odd” in relation to the 
number of hydrogen bonds in complementary nucleotides. The 
mentioned dichotomous principle is reflected in the names of even and 
odd Walsh functions, which will be discussed.

4. Statistical universalities of genomic DNAs, binary-genomic 
numbers and Walsh-Hadamard filters

The considered genetic unitary Hadamard (2x2)-matrices and their 
tensor powers in the form of Hadamard (2nx2n)-matrices contain in their 

Fig. 9. Block matrix B of the eighth order, which is a unitary Hadamard matrix.

Fig. 10. Decomposition of the unitary (8*8)-matrix B from Fig. 9 into a sum of 8 sparse matrices B = 2− 1.5(b0+b1+b2+b3+b4+b5+b6+b7), whose set is closed under 
multiplication and defines the multiplication table shown at the bottom right. Here b0 is the identity matrix.
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rows the Walsh functions (arranged in Hadamard order), consisting of 
elements +1 and − 1 and forming a complete orthonormal basis for 
representing digital signals [Wolfram, 2002]. For the problems of 
spectral analysis of signals, it is most convenient to arrange the Walsh 
functions w (k,n) in Walsh order, that is, according to the number of 
sequents k, equal to the number of switching of the plus and minus signs 
along the function, as shown in Fig. 12 for the Hadamard matrices H2, 
H4, H8, and H16, the index of which denotes the order of the matrix. All 
Walsh functions w (k,n) are divided into even and odd functions, 
denoted respectively as cal (k,n) =w (2k,n) and sal (k,n) =w (2k-1,n). 
For spectral analysis problems, these functions are analogous to trigo
nometric sines and cosines.

Hadamard matrices Hn acting on n-dimensional vectors, called the 
Walsh-Hadamard transform, decomposes the analyzed vector into a 
superposition of Walsh functions, called the Hadamard spectrum Sn of 
the input vector. In this spectrum, each Walsh function from the applied 
Hadamard matrix receives its own spectral coefficient. Using the con
dition Hn⋅Hn

T = nE (here n is the order of the Hadamard matrix, T is the 

transpose sign, E is the identity matrix), which Hadamard matrices Hn 
satisfy, one can — by applying the transposed matrix Hn

T to the spectrum 
vector Sn — obtain a vector which, when divided by n, exactly re
produces the original vector. In some cases, the Hadamard spectrum of 
the analyzed vector turns out to contain a number of small, and therefore 
insignificant, spectral coefficients of certain Walsh functions. By 
neglecting these small spectral coefficients (i.e., setting them to zero), 
we obtain a filtered Hadamard spectrum Sn/n, from which the original 
vector can be reconstructed with a small error using the described 
procedure. This slightly approximated vector turns out to be sufficient in 
some cases for analyzing the system under study. This procedure in 
informatics is called Walsh filtering or Walsh filter. Let us describe its 
application to the analysis of the statistical organization of nucleotide 
sequences of single-stranded genomic DNAs.

Nucleotide sequences in genomic DNAs, presented in the publicly 
available DNAs bank of many organisms, GenBank, are very long. For 
example, the nucleotide sequence of single-stranded DNA of the first 
human chromosome contains about 250 million nucleotides of the four 
types A, C, G, T (data for this DNA was taken by the author from the site 
https://www.ncbi.nlm.nih.gov/nuccore/NC_000001.11). Nucleotide 
sequences can be considered as binary sequences, for example, a 
sequence of purines (A and G), denoted by the symbol 0, and pyrimi
dines (C and T), denoted by the symbol 1. In this case, we obtain a binary 
(purine-pyrimidine) representation of the named single-stranded DNA 
of the first human chromosome in the form of a super-huge binary 
number with about 250 million bits (the decimal analogue of such a 
number reaches up to 2250000000). Numbers of this origin are called 
“binary-genomic” (BG-numbers) [Petoukhov and Svirin, 2024]. It can be 
assumed that they reflect the laws and mechanisms of quantum bioin
formatics, genetic memory, and algebraic biology in general.

To detect statistical patterns hidden in the BG-numbers of different 
types of organisms, these binary numbers were analyzed using the au
thor's method of hierarchy of binary statistics, including the following 
stages of percentage composition analysis of the BG-number: first, it is 
represented as a sequence of single symbols 0-1-1-1-0-0- …, and the 
percentages %0 and %1 are counted; then it is represented as a sequence 
of duplets 01-11-00-10- … and the percentages of each type of binary 
duplets %00, %01, %10, %11 are counted; then similarly, the same bi
nary sequence is represented as a sequence of triplets, quadruplets, 
quintuplets, … each time counting the percentages of the corresponding 
types of n-plets. Thus, each BG-number is represented as a multi-layered 
structure, each layer written in the alphabet of the corresponding dyadic 
group of n-bit numbers. As a result, for the BG-number we obtain 
probability values for each type of n-plet in the corresponding n-plet 
layer. Table 2 shows an example set of probabilities of n-plets in the 
corresponding n-plet layer of a binary-genomic number of the purine- 
pyrimidine type, corresponding to the nucleotide sequence of the 
aforementioned single-stranded DNA of the first human chromosome. 
These sets for each n-plet layer are conveniently represented as binary n- 

Fig. 11. 24-hour clock dial of the day with its division into daytime and 
nighttime 12-h halves. The numbers on the dial correspond to exponents 1, 2, 3, 
…, 23, 24 in the set of 24 members of one period of the cyclic group of unitary 
biquaternions Bn, obtained by raising the biquaternion B from Figs. 9 and 10 to 
integer powers.

Fig. 12. Hadamard matrices H2, H4, H8, and H16, whose rows, containing their Walsh functions w (k,n), are arranged in ascending order of sequent (number of sign 
changes). To the right of the matrices, marked with bold borders, are the Walsh functions corresponding to their rows, with the value of the sequent k and the matrix 
order n indicated.
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dimensional vectors Dn, whose sequence of coordinates is the sequence 
of probabilities of the corresponding n-plets in the layer. For example, in 
the binary 4-dimensional vector D2 = [0.2807, 0.2191, 0.2190, 0.2812] 
the sequence of its coordinates in the case of the named DNA represents 
the probabilities of its binary duplets in ascending order of their binary 
symbols: %00 = 0.2807, %01 = 0.2191, %10 = 0.2190, %11 = 0.2812. 
Table 2 shows the corresponding family of binary 2n-dimensional vec
tors Dn of the considered probabilities for the case of the DNA of the first 
human chromosome.

The Hadamard spectra Sn of these probability vectors, obtained by 
multiplying the vectors Dn from Table 2 by the corresponding Hadamard 
matrices from Fig. 12, have the following form (5):  

In these Hadamard spectra (5), a general pattern is visible: all their 
odd-numbered coordinates are close to zero and, in the filtered (by the 
Walsh-Hadamard filter method) Hadamard spectrum, can be zeroed out 
as insignificant (ordinal numbers of coordinates are considered corre
sponding to the ascending series of decimal numbers 0, 1, 2, 3, …). 
Conversely, the magnitudes of all even-numbered coordinates are rela
tively far from zero, and accordingly, it is precisely the even coordinates, 
which are the spectral coefficients of even Walsh functions of the type w 
(0,4), w (2,4), w (0, 8), w (2,8) and so on (Fig. 12), that have dominant 
importance in the statistical organization of the n-plet layers of the 
considered human chromosomal DNA. A similar result on the dominant 
importance of precisely even Walsh functions cal (k,n) =w (2k,n) is 
given by the analysis of the Hadamard spectrum of single-stranded DNAs 
from many genomes of higher and lower organisms similarly studied by 
the author: all 24 human chromosomes; all chromosomes of Drosophila, 
mouse, worm, many plants; 19 genomes of bacteria and archaea; many 
extremophiles living in extreme conditions, for example, with radiation 
levels exceeding by 1000 times the level lethal for humans [Petoukhov, 
2023].

These results testify in favor of the existence of a universal rule of 
statistical organization of genomic DNAs in all organisms, according to 
which the Hadamard spectrum of binary-genomic numbers representing 
these DNAs is based precisely on even Walsh functions cal (k,n) =w (2k, 
n), which are opposed to odd Walsh functions sal (k,n) =w (2k-1,n). The 
identification of statistical rules in the organization of genomic DNAs is 
especially important because in living bodies, everything is built on 
stochastics, since individual molecules interact in cells in a stochastic 
manner. It is no wonder that P. Jordan, author of the first article on 
quantum biology, asserted that the laws of life missed by science are the 
laws of probabilities of the quantum world [McFadden and Al-Khalili, 
2018]. Genetics itself as a science began with Mendel's discovery of 

stochastic rules of trait inheritance when crossing organisms. As it was 
above-mentioned, each organism is a probabilistic machine of 
multi-channel noise-immune coding.

This universal rule of statistical organization of genomic DNAs re
veals the importance of the dichotomous principle of “even and odd” in 
biological organization, which has long attracted the attention of sci
ence. For example, it is known that in its origins, modern mathematics 
goes back to the Pythagoreans, according to whose teaching the binary 
opposition of even and odd determines the entire nature of the world. 
Pasteur noted that all living things are characterized by a special kind of 
asymmetry of left and right. Dichotomous division is represented in the 
structure of the brain consisting of two hemispheres, and is also fractally 
embedded in the inherited branching of blood vessels, neurons, the 
bronchial tree of the lungs, branches in plants, etc. The teaching about 

even and odd is characteristic of the ancient theory of art of the Far East 
with its Yin-Yang symbol and the representation of female (even) and 
male (odd) numbers. In particular, all ancient Chinese arithmetic was 
built on the female number 2 and the male number 3.

The book with the telling title “Even and Odd: Asymmetry of the 
Brain and Sign Systems” thoroughly demonstrates the significance of the 
even-odd principle in the entire history of codes of human culture 
[Ivanov, 1978]. The author of this book connects this principle, among 
other things, with the asymmetries of the two hemispheres of the brain, 
which participate differently in such types of activity as language and 
mathematics. He notes the significance of this principle in research on 
“human-machine” systems, the creation of algorithmic languages for 
artificial intelligence and automata theory, etc. He also notes that in all 
early human societies, the difference between the right and left hands 
was part of the system of basic binary oppositions that determined the 
structure of rituals, myths, and works of art. The problem of 
left-handedness and right-handedness is important for ergonomics, since 
tools and workplaces are created predominantly for right-handed peo
ple. And this right-handed world has to be specially adapted for 
left-handed people to relieve their muscle tension, fatigue, and increase 
productivity. For this, a mirror arrangement of elements in work tools 
(scissors, knives), workstation settings (mouse, documents, phone – 
under the left hand, keyboard with numeric keypad (num pad) on the 
left, etc.) is used. Additionally, it is considered that a person's right hand 
is controlled by the left hemisphere of the brain, and the left hand by the 
right. The left hemisphere is responsible for logic, analysis, and calcu
lation, while the right is responsible for emotions and intuition. 
Accordingly, it is believed that right-handers are more logical and 
rational, while left-handers are emotional and sensitive. There are many 
left-handers among designers (12%), procurement specialists (11%), 
and programmers (10%). People who were retrained to use their right 
hand instead of their left are often found among security guards (11%) 

Table 2 
Vectors Dn of probabilities of n-plets in the corresponding n-plet layers of the binary-genomic number of the purine- 
pyrimidine type for the considered case of single-stranded DNA of the first human chromosome (here n = 1, 2, 3, 4).

D1 = [0.4997,0.5003]
D2 = [0.2807,0.2191,0.2190,0.2812]
D3 = [0.1646,0.1161,0.1031,0.1160,0.1160,0.1031,0.1159,0.1652]
D4 = [0.0977,0.0669,0.0556,0.0604,0.0555,0.0476,0.0490,0.0670,0.0669,0.0490,0.0475,0.0556,0.0605,0.0555,0.0669,0.0982 ]

S2=D1*H2=[1.0000,− 0.0006],

S4=D2*H4=[1.0000,− 0.0004,0.1238,− 0.0006]

S8=D3*H8=[1.0000,− 0.0004,0.1236,− 0.0004,0.1236,− 0.0008,0.0720,− 0.0008]

S16=D4*H16=[0.9998,− 0.0004,0.1236,− 0.0006,0.1234,− 0.0004,0.0720,− 0.0006,0.1238,− 0.0008,0.0200,− 0.0006,0.0722,− 0.0000,0.0324,− 0.0006]
(5) 

S.V. Petoukhov                                                                                                                                                                                                                                  BioSystems 265 (2026) 105805 

10 



and logisticians (9%). Those who are equally adept with both right and 
left hands work as PR specialists and doctors [https://snob.ru/news/e 
ksperty-vyyasnili-chastye-professii-pravshei-levshey/].

According to the author of this article, the 64-triplet matrix acts as a 
“genetic chessboard” endowed with the dichotomy of black and white 
cells when using even and odd numbering of its rows and columns. 
Moreover, on this genetic board, the families of 32 black cells and 32 
white cells contain identical sets of amino acids and stop codons; these 
facts indicate a connection between chess and genetic archetypes, which 
may serve as a hidden reason for the popularity of chess and checkers for 
thousands of years worldwide. Let us add that in the ancient Indian 
Vedas (Agni Purana), the 64-square plan is interpreted as a mystical 
diagram of the Vedas, a model of the world [Petoukhov, 2025a]. The 
next section of the article continues the theme of even and odd in 
connection with the two hemispheres of the brain and its inherited 
mechanisms of perceiving events in the surrounding world.

5. On inherited systems of mirror neurons and unitary 
Hadamard operators

Let us return to the alphabet of unitary Hadamard operators of 
algebraic-operator bioinformatics, containing the unitary matrices of 
reflection transformations HA and HT, which are mirror copies of each 
other with respect to the second diagonal of the matrix (Fig. 1). The 
presence of these Hadamard reflection operators in the alphabetical 
foundations of algebraic bioinformatics is associated with the important 
topic of mirror neuron systems in the brain, inherited from generation to 
generation. These are neurons that fire both when an organism performs 
a specific action and when observing the performance of that action by 
another [Rizzolatti et al., 2001]. They underlie empathy, imitation, 
learning, and understanding intentions, essentially building a mirror 
image of the observed in the brain. These neurons allow one to “try on” 
the feelings of another person, mirroring the observed action (reminis
cent of the ancient principle “like begets like,” realized, in particular, in 
the double helix of DNA and in a number of other phenomenological 
structures of matrix genetics [Petoukhov, 2023]). Such neurons were 
discovered in the early 1990s by G. Rizzolatti and have now been reli
ably found in primates, particularly in humans, as well as in some birds 
and insects. It can be assumed that the inheritance of mirror neurons is 
structurally linked to a certain extent with the genetic unitary reflection 
operators HA and HT (Fig. 1). There is a popular view that the activation 
of mirror neurons occurs not due to any single neuron, but as a coor
dinated result of the work of a neural network.

Some scientists call their discovery the most important event in 
neuroscience in recent decades. Thus, V.S. Ramachandran (Director of 
the Center for Brain and Cognition, University of California, USA) be
lieves that “mirror neurons will do for psychology what DNA did for biology: 
they will provide a unified conceptual framework and help explain many 
mental abilities that have until now remained mysterious and inaccessible to 
experiments” [Ramachandran, 2022]. Expenditures on research in the 
field of mirror neurons, according to The Economist, are growing almost 
exponentially every year, as the field itself is predicted to be one of the 
main trends in the development of science in the coming years 
[Makarov, 2006]. The mirror neuron system (MNS) is distributed in both 
hemispheres of the brain, but the left and right hemispheres process 
information differently in a mutually complementary way: the left 
hemisphere is responsible for the symbolic content of the action (what 
exactly is being done and why), and the right for its emotional coloring 
and spatial characteristics [Aziz-Zadeh et al., 2006]. Knowledge about 
the importance of mirror neurons is used in applied contexts, for 
example, there are works showing that visualization can significantly 
improve the game of every football player and that visualization of 
lifting weights can even increase muscle strength [Makarov, 2006]. The 
potential technological applications of this knowledge are currently far 
from exhausted. Let us emphasize once again that mirror neuron systems 
not only exist but are also inherited down the generations. Therefore, 

they are associated in some degree with algebraic-operator bioinfor
matics and its operator alphabets, including the reflection operators HA 
and HT, as well as with the above-described rule of asymmetric signifi
cance of even and odd Walsh functions in the Hadamard spectra of 
genomic DNAs.

An important research tool for mirror neurons, widely used world
wide, is the spectral analysis of the mu rhythm (μ-rhythm) of the brain, 
recorded using EEG and being markers of the activation of these neu
rons: the mu rhythm is suppressed during motor activity or its imagi
nation. The mu rhythm represents periodic oscillations of biopotentials 
in the sensorimotor area of the cerebral cortex at a frequency of 8-13 Hz. 
In particular, this tool is used in studies of the activity of the mirror 
neuron system during human perception of short time intervals and the 
role of these neurons in cognitive impairment [TSU, 2018]. The mu 
rhythm is widely used in constructing brain-computer interfaces, with 
the help of which scientists hope to give people with severe disabilities 
new ways of communication and computer control, means for manip
ulation and movement in space, control of wheelchair movement and 
neuroprostheses [Pfurtscheller, Christa, 2010]. The mu rhythms and 
mirror neuron systems are an integral part of genetically inherited 
physiology. One of the useful methods for analyzing brain mu-rhythms 
and the activity of mirror neuron systems could be the method of EEG 
spectral analysis, based on the structural connection of the genetic sys
tem with Walsh functions and developed in our laboratory [Stepanyan 
and Lednev, 2025].

Note also that Walsh functions are associated with cyclic Gray codes, 
consideration of which made it possible to link the inheritance of cyclic 
biological structures with the cyclic nature of molecular-genetic coding 
itself [Petoukhov and Svirin, 2024]. Models based on Gray codes are 
already used to describe how the brain learns and updates its “maps” 
[Monteiro et al., 2022].

6. Some concluding remarks

In the quantum-logical approach to bioinformatics, considering the 
cyclic (or pulsation) features of living bodies, the author relies on a 
model representation of biomechanical media consisting of inter
connected pulsating structures that change coherently over time. The 
theory of such model program environments can be used in the devel
opment of artificial intelligence, including in connection with the pul
sating information arrays (pulsars) known in computer architectures 
[Guzik et al., 2014]. The name “pulsating” reflects the essence of this 
architecture's operation, traditionally compared to the beating of a heart 
or a pulse. Here, pulsation appears as a wave of data, and the compu
tation process looks like the propagation of activity waves. Data entering 
the array inputs begin to “pulsate” through it, transforming at each step. 
The array can be configured so that different data streams collide and 
interact in specific cells at strictly defined cycles, generating a new 
“pulse” of results. This architecture is fundamentally different from the 
von Neumann architecture of conventional processors because it lacks a 
central control unit; all cells operate simultaneously and synchronously; 
data is not written in the classical sense, but continuously “pulsates” 
through the processor structure, like blood flow through capillaries. The 
operation of such a pulsating information array is compared to the work 
of the heart: the array is compared to the muscle tissue of the myocar
dium; the processor elements to individual heart muscle cells (car
diomyocytes); the heartbeat to the electrical impulse from the sinoatrial 
node; computations are compared to the coordinated contraction of the 
heart, pumping blood; information data to the pumped blood. Here, 
“computation” (pumping blood) is an emergent property of the entire 
organ, pulsating in a coordinated rhythm; no single cell is responsible for 
it, but all cells follow a common rhythm and local interactions. Although 
huge problems in programming and hardware have so far prevented 
pulsating information arrays from becoming widespread. The most 
famous example of the implementation of the pulsar concept is the 
Connection Machine, developed by Thinking Machines Corporation in 
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the 1980s. It had up to 65,536 simple one-bit processors connected in a 
hypercube network. The pulsar concept is also closely related to a 
number of modern architectural concepts, for example, the concept of 
systolic arrays, whose name originated by analogy of their pulse-like 
operation with cardiac systoles [Abramavicius et al., 2025]. Systolic 
arrays are extremely efficient in artificial intelligence tasks, image 
processing, pattern recognition, computer vision, and other tasks that 
animal brains handle particularly well. An example is the Google Tensor 
Processing Unit (TPU), which uses a large two-dimensional systolic 
array as its core to perform massive matrix multiplications necessary for 
neural networks with high efficiency.

The existence of a multitude of inherited and mutually coordinated 
cyclic processes in the body raises the question of the mechanisms of 
their synchronization. For a model study of this issue, it is proposed to 
use the fundamental Kuramoto model of autosynchronization in sets of 
oscillators of different nature [Kuramoto, 1984; https://en.wikipedia. 
org/wiki/Kuramoto_model]. Given the huge distribution of inherited 
helical configurations in many types of biomolecules and supramolec
ular biosystems [Petoukhov et al., 2015; Petoukhov, 2025a], which are 
participants of the inherited cyclic processes of the body, the author 
believes it is useful to combine in the future the topics of inherited cyclic 
and helical structures based on the model notion of “cycle-screws”: each 
cycle-screw is an oscillating helical (or screw) structure (e.g., molecu
lar), the cyclic motion of which is screw in nature, corresponding to the 
transformations of the screw calculus (rotations and translations). Based 
on this concept of cycle-screws and their ensembles in living bodies, it is 
possible to extend of the Kuramoto model for simulating of autosynch
ronization in ensembles of cycle-screws and deeper understanding the 
principles of inherited biological self-organization.

The algebraic-alphabetic bioinformatics presented in this article 
explains the rapid evolution of organisms: complex tissues are formed 
not so much by the emergence of new genes, but by changing the ways of 
using existing genes through the action of operators of this algebraic 
bioinformatics, associated with electromagnetic and resonance mecha
nisms. In light of this, the author proposes the evolutionary paradigm of 
“code algebraic-alphabetic Darwinism,” according to which natural se
lection and inheritance of the most useful for survival combinations of 
alphabet operators of algebraic bioinformatics play an important role in 
evolution. One confirming example of the proposed paradigm of 
algebra-alphabetic Darwinism is the “iron” snail Chrysomallon squami
ferum, whose shell is made of iron and sticks to a magnet. In its genome, 
only 11% of genes are unique. The remaining 89% are reused ancient 
genes that existed in the common ancestors of mollusks more than 540 
million years ago [Yao et al., 2010].

The role of alphabets in human culture and science is exceptionally 
significant. For example, in the English language, a vast array of works 
of various types and purposes—novels, poems, scientific treatises, and so 
on—are created using its alphabet and combinations of alphabetic ele
ments. Within the framework of the proposed evolutionary paradigm of 
code algebraic-alphabetic Darwinism, algebraic alphabets of bioinfor
matics can be used to similarly create numerous models of inherited 
biological structures using appropriate combinations of alphabetic 
elements.

Currently, almost all human organs (heart, lungs, liver, kidneys, 
limbs, organs of vision and hearing, etc.) are provided by prosthetics and 
chips, sensors and electrodes are implanted into the body and brain to 
monitor and control their states, and modern humans are becoming 
“human-machines” (cyborgs) in increasing degree. This, in particular, 
increases the reliability and efficiency of operators; connects the human 
body with exoskeletons and swarms of robots; allows disabled people to 
become fully functional operators; with the help of artificial intelligence 
connected to the human-cyborg, it is possible to monitor and correct 
functional impairments of the operator, and much more. To provide 
high-quality of these solutions, the biological and technical parts of the 
human-cyborg must be informationally consistent and “understand” 
each other; to achieve this, it is important to study the genetic 

foundations of bioinformatics and biomechanical algorithms, inherited 
from generation to generation, as is done in this article.

Briefly note that the formalisms of algebraic bioinformatics also 
allow for comparative analysis of relatively short genetic sequences (for 
example, DNA sequences encoding proteins), as well as consideration of 
time-dependent genetic matrix operators. These issues are beyond the 
scope of this article and deserve a separate publication. The described 
algebraic-alphabetic bioinformatics is associated with the actively 
developing topic of code biology [Barbieri, 2015]. An important 
component of the formalisms of algebraic-alphabetic bioinformatics are 
tensor-unitary transformations, which ensure the tensor increase in 
dimension of configuration vector Hilbert spaces in quantum-logical 
models of growing biosystems [Petoukhov, 2025a].
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