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In artificial intelligence systems, their creators strive to
reproduce the properties of the natural intelligence of living
bodies, which are genetically inherited from generation to
generation. This talk presents the author’s study of the
molecular-genetic code system to reveal Its structures ensuring
the Inheritance of abilities of organisms for genetic

Intelligence.

Genetic intelligence is understood as that part of the
Intellectual potential of living organisms that allows, on the
basis of genetic information in DNA and RNA molecules, to
build, for example, from one fertilized cell an organism with
trillions of inter-coordinated cells in such a way that the
parental traits are reproduced in it in a multichannel and noise-
resistant manner, despite strong noise and constantly changing
conditions of nutrition and external influences.




In the course of ontogenetic growth, the number of
parameters and degrees of freedom of the body are increased
with a corresponding increase in the dimensionality of its
configuration space of states. At the same time, the organism
at the next stages of such growth, acquiring new degrees of
freedom and abilities, retains the memory of the skills that it
possessed at previous stages of life.

| propose some algebraic foundations for modeling this
fundamental feature of the development of living bodies in the
tensor-matrix language of multidimensional configuration
vector spaces. The desirable tools should allow modeling the
phenomenon of preserving the memory of past states in a
developing vector system during its transition to new
configuration spaces of increased dimension with the
possibility of simultaneously modeling the expansion of
memory with a corresponding increase in degrees of freedom.




The tensor product of matrices allows increasing the
dimensionality of the model vector space. The genetic code
system Is structured precisely for the tensor product of
matrices, which links, for example, matrix representations of
different DNA alphabets into a single tensor family of
alphabetic matrices [Petoukhov, 2008; Petoukhov&He, 2023].

The founder of quantum iInformatics, Yu. |. Manin,
Introduced the concept of a quantum computer In his book
precisely when analyzing the features of high-speed
processing of DNA information in chromosomes by “genetic
automata” [Manin, 19801
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Manin pointed out the important role of unitary rotations and
tensor products: “A guantum automaton must be abstract: its
mathematical model must use only the most general quantum
principles, without prejudging physical implementations. Then
the evolution model iIs a unitary rotation In a finite-
dimensional Hilbert space, and the model of virtual division
Into subsystems corresponds to the decomposition of space
Into a tensor product. Somewhere in this picture there must be
a place for the Interaction traditionally described by
Hermitian operators and probabilities [Manin, 1980, p. 15].

Thus, the very birth of qguantum informatics, so promising
for the problems of artificial intelligence, occurred thanks to
the desire to understand genetic informatics. The presented
talk 1s consistence with the 1deas of Manin.



The concept of tensor-unitary transformations arose in me
as a result of studying the biological dualism of "stochastics-
determinism", primarily in the Information sequences of
genomic DNAs of higher and lower organisms. Individual
molecules interact in cells stochastically. In living bodies,
everything Is associated with stochasfics. But with this
stochastics In the "small”, macro-corporeal traits are inherited
from parents as determined. All genetics as a science began
with Mendel's discovery of statistical rules for the inheritance
of traits when crossing organisms. According to Mendel's law
of independent inheritance of traits, information from the level
of DNA molecules dictates the macrostructures of living
bodies through many iIndependent channels, despite strong
noises. For example, the colors of hair, eyes and skin are
Inherited Independently of each other. Accordingly, each
organism Is a machine of multi-channel noise-resistant
coding based on the dualism of stochastics-determinism.




Tensor-unitary transformations directly simulate statistical
phenomena of genetic informatics and so they have practical
significance [Petoukhov, 2021, 2022a].

DNAs belong to the microworld of quantum mechanics,
which 1s based on the concept of probabilities. Unitary
transformations play important role in guantum mechanics and
guantum informatics: the evolution of closed quantum systems
IS described by unitary transformations, and all calculations in
guantum computing are based on unitary operators that play
the role of logical gates (quantum gates). Unitary
transformations of vectors preserve their lengths (in the case
of real components, they are orthogonal transformations).



Unlike unitary transformations, which transform
the original n-dimensional vector into a vector of the
same dimension, tensor-unitary transformations
transform the orlglnal (or “parent”) n-dimensional
vector Iinto a “daughter” m-dimensional vector of
Increased dimension (m>n) while preserving the
length of the parent vector. One can say that they
ensure the “inheritance” of the vector length into the
length of a new tensor-transformed vector belonging
to a space of tensor-increased dimension. Let me
briefly explain this.



Applying these tensor-unitary transformations to vectors
can be considered as a two-step process. First, the original or
“parent” n-dimensional vector Is represented as the sum of all
Its basis vectors with their coordinate weights, for example:

[, yI = x[1, O] + y[O, 1]).

Secondly, each of these weight basis vectors Is tensor-
multiplied by a so-called "norm-vector" (a qubit-like vector)
that ensures that the length of the parent vector is preserved in
the tensor-increased daughter vector. By definition, a norm-
vector Is a k-dimensional vector [og, o, 0y, ..., O l] the sum
of the sqzuares of the coordmates of which is equal to 1:
O + 042 + 08 + . =1. Its coordinates can be
mterpreted as probablllty ampi]“tudes (as In qubit or poly-qubit
vectors), which in the general case can be either fixed numbers
or time functions. We briefly note that tensor-unitary
transformations can be represented as a special case of
Hadamard products for block vectors, in which we are talking
about component-wise multiplication of a vector by the
corresponding number of norm-vectors.




In the case of a tensor-unitary transformation of a
parent vector, the "qubit-likeness" of norm-vectors
ensures the introduction of an element of probability
(stochasticity) into the values of individual coordinates
of the daughter vector. Special groupings of
coordinates of the daughter vector turn out to be
deterministic carriers of the exact memory about the
coordinates of the parent vector. Thus, tensor-unitary
transformations, being stochastically-deterministic
transformations, generate stochastically-deterministic
vectors and allow modeling the biological dualism of
"stochastics-determinism”. Let me explain this with a
simple example.



Let us consider the 2-dimensional vector function
[X(t), y(t) = [x(t), 0] + [O, y(D)], and tensor multiply its first
weight basis vector [x(t), 0] by the norm- vector [0, 0], and
Its second weight basis vector [0, y(t)l y the norm-vector
[Bo, B4l (here ay? + @, = 1, and Py + B2 = 1). As a result, we

obtain a 4-dimensional vector-function D, :

D1 =[x(t), 0]® o, 1] + [0, y(t)]®[Bo, Bi] = [x(t)ow, x(B)a, y(H)Bo, (1]

The values of the individual coordinates of the daughter
vector D are stochastic, since each of them contains one of
the probablllty amplltudes 0o, 04, Bo, PBy- But_In all cases

lengths of 4-dimensional daughter vector ||D1|| and of
2-dimensional parent vector [x(t), y(t)] will be equal:

D= (K ag 0y o4y = (k2 ooy o+ B )}05 =(x(t)+y(t))™

In other words, the daughter vector function D retains an
exact memory” of the length of the parent vector function at
any fixed time, regardless of the stochasticity of its individual
coordinates, and in this respect IS a deterministic entity.




Now let me note other deterministic properties of this

daughter 4-dimensional vector 51, associated with Its
projections onto coordinate planes. A 4-dimensional vector
space with a Cartesian system of numbered coordinates
[Xoy X X, Xg] contains 6 coordinate  planes:

(X0.X1), (X2,.X3), (X0,X2), (X0,X3), (X1.X2), (X1.X3)

In the planes (X,,X;) and (X,,X,), the daughter vector ﬁl IS
represented by Its projections ﬁm = [X(t)ay, X(t)ay, 0, O] and
M,, = [0, 0, y(t)B,, y(t)B,], whose lengths are correspondingly

equal to the first and the second coordinates of the parent
vector [x(t), y(t)]:

[Moi|| = {x(0)%a0> + x(020i2}5 = {x(D(a0> + @?)}** = x(1)
IM23]| = {y(t)*Bo’ + y(1)*B1*}*° = {y()*(Bo* + B1*)}"> = y(1)




These results iIndicate that the daughter

—

4-dimensional vector D, , having stochastic
coordinates, contains In the groupings of these
coordinates the exact "memory" (or values) of all
coordinates and the length of the parent 2-dimensional
vector, 1.e. In this respect It is a deterministic entity.
Accordingly, tensor-unitary transformations are in this
respect operators of  stochastic-deterministic
memory.




Note that the daughter 4-dimensional vector Tfl IS also a

carrier of new information in the planes (X,, X,), (Xy Xj),
(X, X,), (X1, X3), which Is introduced into them by the
stochastic coordinates of the norm-vector o, o, By Pi-
These new stochastic components can reflect, the specificity
of the ontogenesis stage, external impacts on the organism,
etc. Thus, the tensor-unitary transformations are operators
of memory expansion (with the preservation of all previous
memory) for tensor-extended multiparameter systems.

Tensor-unitary transformations can be applied not only in
the case of real numbers, but also in the cases of various
systems of multidimensional numbers: complex numbers,
hyperbolic numbers, Hamilton quaternions, Cockle split-
quaternions, and so on.




Beside biological systems, we can also talk about similar
tensor-unitary creation of such families of computer memory
cells that are gradually expanded in the course of their
development. In this case, application of tensor-unitary
transformations can lead to computer artificial intelligence of
the genomorphic type: such Al can be based on generations of
tensor-unitary expanding families of computer memory cells,
In which some groups of cells carry information about the
states of all cells of families of previous generations, and other
groups of cells carry new information related to the current
effects of the external and iInternal environment.

In quantum mechanics, unitary transformations describe the
evolution of closed quantum systems. | believe that tensor-
unitary transformations are useful for developing the quantum
mechanics of special open quantum systems, growing with the
Increase of their multicomponent composition similar to
biological bodies developing during onto- and phylogenesis.




Tensor-unitary transformations and digital antenna arrays

Digital antenna arrays, also called Smart Antennas, are
used In many technologies: medical scanners, sonar systems,
seismographs, radio relay stations, avionics, radio
astronomic devices, systems of Al, etc.

Tensor-unitary transformations are prospective for the
theory of the multi-component growth of digital antenna
arrays since they have algebraic intersections with the
productive tensor-matrix theory of digital antenna arrays
developed by V.Slyusar and using the Hadamard product.

L

e T

(These images are taken from Internet in free access sites).




It was this analogy Initially led me to the doctrine of
energy-information evolution based on bio-antenna arrays
[Petoukhov, 2022]. Antenna arrays coordinately combine
many separate antennas into a single system - from a few
antennas to many thousands of antennas — in some analogy of
organisms, which coordinately combine many separate cells.
The emergent properties of such antenna arrrays provide their
amazing functionality, which far exceeds the capabilities of
Individual antennas and caused the Earth saturation with
millions of antenna arrays.




Living bodies use genetically inherited bio-antenna
arrays, which include photonic crystals, liquid crystals,
etc. Considering below examples, one should
remember that electrical and mechanical oscillations
In organisms are closely interconnected because many
bio-tissues are piezo-electrical (nucleic acids, actin,
dentin, tendons, bone, etc.).



Example 1. Complex faceted eyes

j

_ Insects and some other invertebrates receive visual
Information through complex faceted eyes, which serve as bio-
antenna arrays for receiving electromagnetic waves.

(These images are taken from Internet in free access sites).



Example 2. Inherited phenomena of biological
echolocation

———
g

Many organisms have an innate ability to echolocation based
on directed rays of a wave nature. Due to the mechanisms of
echolocation, for example, dolphins and bats are able to
recognize the distance, dimensions and shape of the objects
they track, by analogy with how active Smart Antennas make
It possible In technology. A dolphin's body has many
hydroacoustic receptors, which form a multi-element
broadhand hydroacoustic recelving antenna.

(These Images are taken from Internet In free access sites).



Example 3. Inherited sets of bio-photon crystals

Figures: Photonic crystals form heritable species patterns on
butterfly wings and peacock feathers.

Modern technologies of nano-antenna arrays use photonic
crystals to control the spatial distribution of photon beams. A
photonic crystal Is a periodic optical nanostructure that affects
the motion of photons.



Humanity sees great prospects with nano-antennas for
revolutionary changes in computer technology (photonics)
and energy (efficient use of solar energy). Blo-antenna
arrays will occupy an important place in this technological

revolution.

The topic of antenna arrays, connected with tensor-unitary
transformations, i1s essential for understanding the
mechanisms of genetic intelligence, ensuring the
development of a genetically encoded organism from a
single fertilized cell into a whole colony of trillions of cells.



For a long time, the great difficulty for algebraization of
biology was the extreme heterogeneity of a living body
consisting of a myriad of species of biomolecules. It is
Impossible to simulate their global association into a single
organism based on local stereochemical principle of the
“lock-and-key” type. Our studies on the algebraic features of
the molecular genetic code system and phenomena of genetic
Intelligence revealed that the genetically inherited
association of myriads of biomolecules is carried out under
the “management” of general algebraic principles. They
are related to tensor-unitary transformations, bio-antenna
arrays, and universal rules of stochastic-deterministic
organization of genomic DNAs. Knowledge of these
principles seems useful for creating artificial intelligence of
the genomorphic type, reproducing the properties of genetic

Intelligence.




Additional materials for the talk are presented in my book
“Algebraic Biology, Matrix Genetics, and Genetic
Intelligence” (co-authored with Prof. Matthew He, USA,
World Scientific, 2023, 616 p.) and in my articles:
https://doi.org/10.1016/].biosystems.2022.104712 and
doi: 10.20944/preprints202208.0435.v1 .

Thematic publications are also located on my website
http://petoukhov.com/ .

Algebraic Biology,
Matrix Genetics,

and

Genetic Intelligence

Thanks for your
attention!

. Sergey Petoukhov
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