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Yro 00CyXalIi Ha IPOILION JIEKIIUM

Premier Reference Source

Natural Computing for
Simulation and
Knowledge Discovery

KomnbloTepHoe mogenupoBaHue [Npupoabl onmpaeTca Ha pag
NONOXEHUMN:

abcTparmpoBaHue UK  cemMaHTnyeckas dunsTpauns
CYLLHOCTEW - NYyTb NpeacTtaBneHns OU3NYECKUX SABNEHUMn
Yyepes NPoLECChl BbIYNCIIEHUM.

NPUMEHEHME BbIMUCIUTENbLHbLIX TEXHOMOMMN He OOSMKHO
HapywaTtb «NpPe3yMnuumio HenpepbIBHOCTUY  (PU3NYECKMX
SIBNEHUN.

MCNONb30BaHME 4YeriloBe4YeCKoro CO3HaHu4, YTOOLI

bopMMpoBaTb  Knacchbl 3KBMBANEHTHOCTM  MbICITUMbIX
CYLWHOCTEN, CYyTb KOTOPbIX 3akfio4yeHa B CEHTEeHLUMM
«Computo ergo sum» - cylwecTByeT TO, YTO MOXHO
BbIYMCNUTb.

Question: if cognition a real property of living organisms
does it has computational nature ?



Now we are going to discuss

1.

Is Mind fundamentally a computational phenomenon? What
"number" are involved in these calculations

Why Mind can not control transition from an ensemble of molecules
to an ensemble of organisms? How the mind solves problems of
combinatorial and NP (non-deterministic polynomial) complexity.

Whether the phenomenon of life is a necessary condition for the
appearance of Mind



What is mathematics of mind?

What we already think:

« Mind (Consciousness) is a phenomenon in which information is
integrated in the brain in a way that .... cannot be broken down
information ? (difference that make the difference...-log P...
integrated ? ( +, *, ....)
broken down ? ( S=AQ/T, ....Q=-KTIn2* (I;,-1,,0

» Consciousness is saved information experience....
« saved — where, how, whwn, volume....

What we need to know:
Is whether the processes of consciousness can be modeled

mathematically using numbers of modern methods of physics,
algorithm theory, and computer science ?



Consciousness is not pure computable 2!

1. Conscious experience is integrated with everything one knows about
reality (what has actually seen, touched, heard, or studied theoretically).

2. Therefore, the nature of the "experience of consciousness" is radically
different from the methods of automatic pattern recognition implemented
in modern computer technology.

3. The essence of the difference is that conscious experience is not
reduced to the identification of a “mathematical” object — formal set of
predetermined parameters or properties.

Ecnu Bbl YyemMy TO Hayyunucb, TO MONYYEHHbIN ONbIT (3HaHusA) Oyaet
MHTErpupoBaH CO BCEMM BUAAMU APYrUX 3HAHUN U NEpPeXnBaHUN, XOTHA
[AOCTYN K KOHKPETHBLIM «3HAHUSAIM» MOXET ObITb CO BpEMEHEM 3aTPyAHEH

MoxHo nu Takme ceounctea onucatb MATEMATUYECKU ?



[Ipumep

«CosHaTernbHbIM ONbIT» MOXHO paccMaTpuBaTb Kak CBOEro poda npouecc
cxatna unHdopmaumn. «CosHaTenbHoe» cxXaTue uHdopMaumn no3BondeT
chopmMmpoBatb «CEMaHTUYECKUA Ba3nCy» .... TONOMOrMYECKOro NpocTpaHcTBa
NOHATUN, B KOTOPOE OTOBpaXkatoTca BOCNPUHMUMAEMbIE (OMNbITHbIE) AaHHbIE.

B namatn vHTennektyanbHOro cybbekrta COXpaHsieTCs He BCA WHOopMauus,
KOTOPYO NepBOoHa4arbHO codepXasr BXO4HOM curHanm, noslyvYeHHbIN ¢ NOMOLLbIO
CEHCOPHbIX UM UHbIX KaHanoB CBA3W, a TONbLKO «basncHasi» ee 4acTb.

Tak,

paccMOTpUM nocrieaoBaTeribHOCTb YNcen:

4, 6, 8, 12, 14, 18, 20, 24.... DT0 OEeCKOHeYHbIN psa, onpedensdemMbin Kak:
HEYETHbIE NPOCTLIE YnCra

3,5,7,11, 17, 19, 23.....

nntoc 1.

Takoe OObSICHEHME HE COOEPXUT BCE MHOXECTBO MPOCTbIX YMCEN, HO OHO
NO3BOSIIET TOYHO BOCMPOM3BOAUTL P, MOITOMY MOXET paccMaTpuBaTbCA Kak
CMbICIIOBOE  CXaTue WHpopmMaumu, NOfy4eHHOU B  NpeabsiBNeHHON
nocnegoBaTenbHOCTU JaHHbIX .



Truth, Consequences, and Computation

Psychologists.... argue that the behavior of an intellectual subject in a particular
situation cannot be modeled independently of his entire conscious experience.

This means that something happens in the subject's brain that cannot be
represented as a "fixed" algorithm. Formal difference between

truth, consciousness, and computation
are that computation can be mapped to a certain algorithm, while consciousness
cannot.

NTaKk, co3HaTenbHbIA OMnbIT OOSMKEH MNO3BOSMIUTb PEKOHCTPYKLMUIO MOSTyHEHHbIX
paHee AaHHbIX (daHHble onbiTa), HO 6e3 SIBHOro XpaHEeHUs1 BCEX YacTen.

Takaa dopma npeacraeneHns 3agadn MatemMaTuydyecknm JopMynmpyeTca  Kak
«obpaTHasa» 1 gonyckaeT « MHOXECTBO peLUEeHUny.

Bonpoc: MOXHO JIM TaKue npoLueccCbl cMoaesrinpoBatb «BblIYUCITUTEJNIBHO» ?



The nature of human intelligence - computer science perspective

Bonpoc: Novyemy 3aKoHbI PU3NKN BbIYUCTTIMMbI, HACKOSTIbKO HaM U3BECTHO,
a 3aKOHbl CO3HaHUS — HET

[Tpn atom Question: Why are the laws of physics, as far as we know,
computable, but the laws of consciousness are not?

We should assume that consciousness is not "objectively" computable,
but is computable only "subjectively," i.e., directly computable by the
"bearer of a particular consciousness

P=NP=....=P local complexity

3ameTnMm, YTO B MaTemMaTuke uaes BblYMCNMMOCTU He 3aBUCUT OT Habnwopartens,
HO .... TaK XXe KaKk B KBAHTOBOW MEXaHWKe, B TEOpUN CO3HaAHUSA aHamnorn4yHo
Henb3d 13baBUTbCA OT «HabnwaaTensay.



Current artificial inteﬂigence speculation.

« Almost all of human intelligence can be deemed to be some form of computation or
data input/output/storage.

« Human intelligence doesn’t just come only from the brain. Actually, almost every
part of the human body plays a role in human intelligence.

 Intelligence has synergetic nature - the whole is much greater than the sum of its
parts....so, each cell has limited intelligence by itself, but together, great intelligence
can be achieved.

* Intellectual Computation is distributed, parallel at multiple levels and
decentralized - there is no centralized program framework, analogue of a CPU
that controlling a whole computation processes and behavior of brain

* Recursion or self-improvement process at multiple levels main Attention and
abstraction mechanisms features that greatly decrease the amount of computation
intelligence required.

* Intelligence use of both machine learning (statistics) approach and logical (formal)
reasoning (symbolic computation etc.)



Hypnotizes: bodies are part of our intelligence ?

(Inteﬂigence doesn’t just come from the brain)

... has body and its microbiome significant affects on the brain and
human behavior ?

Facts:
« Even a single cell has the computational resource to solve
specific computer science problems, such as choosing a path in a maze.

« As aresult of imbedding computing, cells choose directions, secrete
chemicals, and replicate, following the program of DNA , which is similar to
that of digital computers.

* In this case, it does not matter that the cells do not possess what is called
developed consciousness, but each cell contributes to the overall
human intelligence.



An analogy

« ant colony is collectively much more intelligent than the sum of each
constituent ant’s intelligence

« The concept of "crowd wisdom" and the concept of computer science have
much in common. Thus a set of transistors or multilayer neural networks can
be more "intelligent" than a single transistor or a single layer network of
neurons.

If we assume that most cells of a human body have some computational
capabilities, it means that the "body" as a living structure can simultaneously
(in parallel) perform tens of trillions of coordinated computations.

At that, a traditional processor can process only one command per allocated
time interval, a modern multithreaded processor can process n<64 different
streams of operations simultaneously, a multi-core graphics (vector) processor
can simultaneously process tens of thousands of identical operations, and a
supercomputer can perform millions of heterogeneous computational
operations.

Can we estimate the performance of brain ?



Distributed and decentralized computation

Parallel computations allow to react quickly to the occurring events, forming
the result of computations "not by separate parts of it, but considering it as a
whole.... ", although this "whole" may include many components. Such
capabilities exist not for arbitrary computations, but for certain types of
tasks that are oriented toward processing pre-prepared and pre-trained
abstract data.

The paralleling of computation for the body in general and the brain in
particular allows each computational unit (e.g., cell, organ, part of the brain) to
be considered a separate agent that both competes and cooperates with each
other.

For example, a gut can compete with a part of the brain to decide on the next
action, and one part of the brain can cooperate with another part to form a
more accurate thought. Exactly, such mechanisms are the basis of synergy,
which allows the whole to be greater than the sum of its parts.



Recursion / feedback loops / self-improvement

There are at least two ways to apply this concept.

 The brain seems set up to perform tasks that require recursive
logic

« And the Dbrain is capable of self-enhancement, i.e. neuroplasticity
capabilities are realized through the brain changing itself. the
appearance of certain FEELINGS can lead to the release of certain
enzymes, which then cause changes in the number of synapses and
synaptic connections.

So, similarly, self-improving computers with Al is the key to new
computer technologies



Attention and Abstraction

People know how to minimize useless calculations. So there may be 10
objects and 10 details about each of them in a person's field of vision. But a
person, naturally,

1. will limit his attention to only one of these objects (for example, a dangerous
rock flying toward him) and

2. will make a simple abstraction of the object, ignoring the details (e.g., for a
dangerous, fast-moving object, there is no need to think about the exact
shape or patterns on the rock).

Attention and abstraction mechanisms can sometimes have flaws (e.g.,
people sometimes draw premature conclusions or miss important details), but
iIn most cases they contribute positively to human intelligence.

Computers can take similar approaches. "Attention is All You Need," this ides
led to huge advances in natural language processing and describes advances
in using neural networks to create abstract models of the worldthat are
computable, and combining them with other natural phenomena to
successfully complete tasks.



Taking advantage from physics or biology

The advantages of DNA-
computing are due to its ability to
perform the same operation
simultaneously over a given code
chain without additional
synchronization costs.

“Spaghetti Sort algorithm” can be easily implemented by a human but not by a
computer without a physical body.

A human can sort the rods by length with O(n) time complexity. In contrast, the
fastest computer algorithm for sorting a list of numbers is O(n log n), which is
worse. So, the computer is not able to take advantage of gravity which constantly

acts on all the rods at the same time (in parallel). T'unotesa P/NP», no-npexHemy
nMeeT BonbLUIoe 3Ha4YEHNe



Resume.

Computation is a process that implements a_ mapping between some symbolic
structures (domains). The implemented mapping can take the form of a

function,
operator,
Algorithms
Understanding
or
relationship.

Any symbolic structure may be
 numbers: 3 + 2 equals 5,
or may not.
All depends from mind!!!



Computer science algorithms and mathematical operations

the ear amplifies certain sound frequencies, and
then acts as a multiband filter to separate sounds into
their components.

The visual cortex performs multilayer convolutions
(sort of putting pixels together),

such phenomena can be seen as mathematical
algorithm-inspired approaches,"” or, as "mathematical
models that describe the organism's functionality.

The main idea is that the organism can perform cool
computations that contribute to human intelligence.



Machine learning algorithms and symbolic reasoning

There are 2 major approaches to Al:

statistical machine learning (learning from the data, e.g. learning to
differentiate cats from dogs by looking at the pixels of many labeled
photos)

symbolic Al / logical reasoning / computer algebra (e.g. manipulate 2y=x
into y=0.5x or deduce from “all men are mortal” and “John is a man” that
“John is mortal.”)

| think that humans use some form of both of the above. Only using one
of the above would be insufficient to explain the intelligence humans
have demonstrated. Statistical machine learning is nowadays often
implemented via neural networks which are inspired by the human brain.
As for symbolic Al, | guess humans must also be able to use something
similar to that, since humans are apparently able to do algebraic
manipulations and make logical deductions pretty quickly.

The question is, how exactly do we combine #1 and #2 ? There are
many possible approaches.



Intelligent phenomena of Living systems

The are no hard problems for Living systems, but only
problems that are hard to certain level of there intelligence ....and
Mind

theses.

Intelligent computation-just as digital computation is the manipulation not of physical
entities whose properties are related to energy and matter, but of abstract symbols.

"Inputs” of mind computing come in the form of symbols or representations of other
entities, and the output can be either a symbol or an action.

Computational theory of mind, like the classical digital case, is based on a specific
language describing the process of reducing the entropy of environments and
situations. In the case of computational intelligence, a language is used to describe
thought processes.

The language of thinking consists of categories, which consciousness usesto
constantly "program” the environment and calculate different representations, using
the "power of semantics" for this purpose.




What “mental number" are involved in natural calculations

Humans develop a mental model of the world based on what they are able
to perceive with their limited senses. Understanding the nature of knowledge
representation in the brain is perhaps the most fundamental challenge for
cognitive and computer scientists. The domain of numerical knowledge has
grate universality and practical relevance.

Mental model is:

The image of the world around us, which we carry in our head, is just a
model. Nobody in his head imagines all the world, government or country.
He has only selected concepts, and relationships between them, and uses
those to represent the real system

Spatial representation of numbers
HEMPOHHbIE LEeNn , Crnosnb3yemMble Ans npeacraBneHnst n obpaboTku vncen,
TECHO CBA3aHHOM C YyBCTBOM MPOCTPAHCTBA U HanpaBNEHUHM OBMKEHUS



