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This paper discusses the main innovations in the field of deep learning methodology, which can have
a significant influence on the development of the given field. The modern scientific literature
dedicated to the issues of the development of the scope of methodology and certain theoretical
approaches are analyzed. There are assumptions about the future trends of the development of deep
learning — as a field of applied scientific knowledge — and particularly promising directions are
studied in a critical aspect. © 2023 Bull. Georg. Natl. Acad. Sci.

deep learning, convolutional neural network, deep self-learning, hybrid model

Artificial Intelligence affects our lives more and
more in the last decade. It has a huge impact on
society, which continues to grow in the coming
years, as expected.

The field of Artificial Intelligence was officially
born in 1956 when John McCarthy coined the term
and put forward a proposal to consider artificial
intelligence as an independent field of research.
Today, machine learning and deep learning
monopolized artificial intelligence. Deep learning
is at the lead of the Artificial intelligence field, but
experts share a common opinion, that some changes

will be necessary to maintain that leadership.

Systems 1 and 2 in Deep Learning

We should start this issue with a very short desc-

ription of dual processing model systems 1 and 2.
The theory implies that two forms of thought

processes (fast and slow) influence decision-making:

System 1. Fast, intuitive and experiment-based
thinking. These are automatic processes that take
place unknowingly and unconsciously. They do not
require much brain effort (such as computing
power and working memory). System 1 uses
previous experience and associations formed based

on it, including emotions.

System 2. Slow and reflexive thinking. These are
controlled processes that rely more on reasoning
(logical, analytical). Using reasoning and
argumentation is what slows down the system. The
Swiss scientist Jean Piaget considers reflective
thinking as a process which is carried out by the
subject based on the knowledge of logical laws.
These laws refer to the connection of the object
with the action directed at it, and also to the
cognition and awareness of the necessity of such

connection.

© 2023 Bull. Georg. Natl. Acad. Sci.
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There is also system 3 in psychology — the
subjective reality of a person, in which there is a
feeling of the types of perception and signs of the
mind formed in the second signalling system;

Yoshua Bengio reported in 2019 on the topic
“From deep learning of system 1 to deep learning
of system 2” [1].

He gave a description of the current state of
deep learning, the distinct tendency of which led to
the principle: Let's do everything as big as possible
— big data sets, big computers, and big neural
networks. He argued that while moving in this
direction, we will never reach the next stage of
artificial intelligence development.

Bengio uses a dual-system structure from
Daniel Kahneman's ideas, which are widely
scattered in his most important book “Thinking,
Fast and Slow” [2]. Kahneman describes System 1
as a substance that operates ‘“Automatically,
quickly, practically without applying force and
feeling of voluntary control,” while System 2
allocates attention to the effortful mental activities,
which is associated with the subjective experience
of agency, choice and concentration.

Rob Taves generalizes the current state of deep
learning in his letter [3] published in the American
financial and economic magazine Forbes: “Modern
advanced systems of artificial intelligence cope
with System 1 tasks, but have serious difficulties
solving System 2 tasks”. Bengio agrees with this
idea. “We invent algorithms, recipes, we can plan,
reason, use logic,” he states. These processes are
usually very slow compared to what computers do
to solve some of these tasks. We would like deep
learning to do just such things in the future.”

Bengio confirms [4] that a deep learning system
2 will be able to generalize “Different distributions
of data” — what is called coming out from the exis-
ting distribution rule, overcoming the limitations of
this rule. Currently, deep learning systems have to
teach and test uniformly distributed data sets, which
answers the hypothesis of data independence and

uniform distribution. “We need systems that can
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handle such changes and keep learning.” A deep
learning system 2 will succeed using nonhomo-
genous data of the real-world.

For this, we will need systems with improved
transfer learning capabilities [5]. Bengio suggests,
that attention mechanisms and meta-learning —
teaching for teaching— represent key components of

System 2 cognitive skills.

Deep Learning Based on Neuroscience

Neuroscience is the direction of the science, which
is engaged in the study of chemical, biological and
anatomical features determining the influence on
the work of the brain and nervous system. Neuro-
science is an umbrella concept because it combines
many interdisciplinary directions, including medi-
cine, chemistry, psychology, molecular biology,
anatomy, physics, and others.

Currently, most scientists believe that neuro-
science and neurobiology are the same terms, but —
according to the Oxford dictionary — these two
concepts are defined in different ways:

Neuroscience is the scientific study of the
structure and functions of the brain and nervous
system;

Neurobiology is a scientific discipline that
studies the biology of the nervous system, in
particular, the functions indirectly reflecting the
behaviour of this system.

Therefore, we will consider neurobiology as
one of the directions of neuroscience here.

Using the term neurology instead of the concept
of neuroscience (which we often encounter,
especially in the English literature dealing with
artificial intelligence) will also not be entirely
correct: While neuroscience is engaged with the
study of the nervous system, neurology is interested
in its treatment. Neurology is a branch of medicine
that specilises in the central, peripheral, and
vegetative nervous systems, and neurologists are
doctors who diagnose and treat neurological

diseases and disorders.
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“Artificial neural network is only a rough
analogy of the brain work,” states David Susilo,
PhD. in the field of computational neuroscience,
from the Google Brain research group. As it is
known, the abovementioned group is interested in
deep learning of artificial intelligence and has
significant achievements in this field.

In the 1950s, several important scientific
discoveries laid the foundation for the creation of
artificial intelligence. Research in the field of
neuroscience has shown that the brain is composed
of neural networks that work by the principle of
This

results from cybernetics, information theory, and

“all-or-nothing”. conclusion—along with
Alan Turing's theory of computation—pointed to the
possibility of the creation of an artificial brain.

Artificial intelligence takes off in the human
brain, but modern deep learning doesn't work like
that. A convolutional neural network does not work
like our vision system. We do not learn based on
the labelled data, but rather observe the world. We
have combined bottom-up processing with top-
down symbolic processing and this is how we
realize the cognitive abilities of System 2.

The ultimate goal of artificial intelligence was
to create such an electronic brain that could imitate
our general-purpose intelligence. Neuroscience can
help deep learning advance toward this goal.

One of the most important approaches is
neuromorphic computing, which belongs to devices
imitating the structure of the brain. As Alberto
Romero, an analyst at Cambrian Al Research,
wrote in his article [6], “There is a big difference
between biological and artificial neural networks:
Neurons are information messengers in the brain
related to the moments and frequency of jump
times, while the strength (voltage) of the signal is
constant. Artificial neurons are characterized by
completely opposite properties. They are the
carriers of the information related only to the power
of the input signal, not the time or frequency”.
Neuromorphic computing attempts to reduce these

differences. In short, neuromorphic computing is a
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new computer technology which aims to use the
principles of the construction and operation of the
human brain.

Another defect of artificial neurons is their
simplicity.

According to the study [7] published in the
magazine ,,Science”, a group of German scientists
proved that “A single neuron can calculate really
complex functions; For example, it can recognize
objects independently”.

Panayiota Poirazi states that work in her lab
aims to understand how dendrites contribute to
complex brain functions, such as learning and
memory. Dendrites are thin tree-like projections of
non-linear conduction arising from the body of the
neurons, which provide enhanced capabilities of
processing, teaching and information storage for
neurons. The computational models are constructed
and used in the lab that imitates dendritic compu-
tations and their influence on cellular and network
functions in different brain regions. In close contact
with experimental laboratories, Panayiota Poirazzi
and her colleagues use behavioural and visua-
lization methods “In vivo” to study the role of
dendrites in the behaviour of mice. The Latin term
“In vivo” means to conduct an experiment in a
living organism on living tissue (or inside living
tissue). More importantly, they create algorithms
inspired by brain study that take into account the
properties of dendrites and aim to improve deep
learning tools.

Demis Hassabis, CEO, Chief Executive Officer
and co-founder of Deepmind, emphasizes in the
article [8] published in the magazine “Neuron” the
importance of using neurobiology to ensure the
advancement of artificial intelligence. In addition
to some of the ideas already mentioned above, two
key aspects should be distinguished: intuitive
physics and planning. A scientific employee in the
company General Electric Research, James R.
Kubricht and his colleagues define intuitive physics
as follows: “The knowledge underlying the human
ability to understand the physical environment and
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interact with objects and substances that undergo
dynamic state changes, making at least approxi-
mate predictions about how observed events will
unfold.”

Deep learning systems can’t do this. They are
not in the real world, they aren’t embodied and they
lack the evolutionary baggage that gives us the
advantage to navigate our surroundings. Joshua B.
Tenenbaum is working on instilling this ability in
machines. He is a professor of computational
cognitive science at the Massachusetts Institute of
Technology and is known for his major
contributions to mathematical psychology and
Bayesian cognitive science. He was the first in the
world to use probabilistic and statistical modelling
to analyze the processes of human teaching,
reasoning, and perception, and showed how these
models could explain a fundamental problem of
cognition: How does our mind grasp so much so
quickly based on such a small amount of data.

There are many ideas deep learning can take

from neuroscience. If we’re trying to get closer to
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intelligence, then why not study the only example
we have? As Demis Hassabis states:

“Taking into consideration, that jeopardizing
many of the achievements of deep learning is
extremely risky, the need for the field of neuro-
science and Artificial Intelligence to come together

is now more urgent than ever before”.

Conclusion

Deep learning systems are extremely useful. In
recent years, they have changed the technological
landscape, all alone. However, if we wish to create
truly intelligent machines, deep learning will need
a qualitative renewal — rejection of the principle
“the more, the better”.

Artificial intelligence is catching up with
humans faster and faster, but for development,
artificial intelligence needs the efforts of many
people in different fields of knowledge.

We do not know which is the best path to

achieve truly intelligent systems.



26 Archil Prangishvili, Oleg Namicheishvili, Zhuzhuna Gogiashvili...

0656059035

M35 bfogergds Hobogroligdoom dgbmmgsms 300Hmdgddo

5. §M6y0330em0°, M. 6580Bx083000™, 3. 3Ma05330em0™, 9. 3036599

92509900l f936G0, bsgs®o39emb 976032960 296039GLoBIA0, 06RMGAEH00b5 @ Fs6Gorgol
bobd9dgdol Rs329eAIH0, 080oerobo, bogst039¢

“bsgs®Bnz39cml (996039650 #96039GboBEIA0, 0650GIH030b5 ©5 FsGoz0l bobBdgdadol 3539 AIA0,
080¢robo, bsgstoz9e¢rm

6590Mmddo g36boErmmos wMds Lfogergdol dgommomermyool LRIHml doMomso bmgszogdo,
GH0grgdbsg 89199¢r0s 86083690mg560 g530gbols dmbgbs m3gdMwo oMol 356300m569ds%y.
39965¢00BgdE0s FgmMEMEMY00Ls s 43M3ZIME0 MIMGoIo Joymdgdol gsdmygbgdols
bg3gMms 39630190l Ls30mbgdolsdo dodmzbomo ™BsdgEMmmgg Lsdgsboghm @odMs-
A6, B39MYse0d70U90s 3565100900 M Lfjsgemgdols — Gmamma bsdgsboghm-g5d3mygbgdomo

3bol LBIOHML — 35630050 d0L dmdsgse Fgbgb30gdbY s JMoGHIMe sL3gBTo dgbfsg-
@003 336L53MoMIdOom 39ML3gdE 0o 803500 gdgd0.

REFERENCES

1. Bengio Y. (2019) From system 1 deep learning to system 2 deep learning NeurIPS°2019, Posner Lecture,
December 11th, Vancouver BC.

2. Kahneman D. (2013) Winner on the nobel prize in economics. Thinking, Fast and Slow, 533 pages. Publisher
Farar, Straus and Giroux, New York, In memory of Amos Tversky.

3. Toews R. (2020) The next generation of artificial intelligence. Part 2. I write about the big picture of artificial
intelligence. Forbes.

4. Dickson B. (2019) System 2 deep learning: the next step toward artificial general intelligence. TechTalks-
December 23.

5. Sinno Jialin Pan and Qiang Yang (2010) A survey on transfer learning. [EEE Transactions on Knowledge and
Data Engineering, 22, 10: 1345-1359.

6. Romero A. (2021) 5 reasons why I left the Al industry. Towards Data Science, Medium publication, Apr 5.

7. Gidon A., Timothy Adam Zolnik, Fidzinski P., Bolduan F., Papoutsi A., Poirazi P., Holtkamp M., Vida L,
Matthew Evan Larkum (2020) Dendritic action potentials and computation in human layer 2/3 cortical neurons.
Science, 367 (6473): 83-87.

8. Hassabis D., Kumaran D., Summerfield C., Botvinick M. (2017) Neuroscience-inspired artificial intelligence.
Neuron, Review, 95 (2): 245-258.

Received June, 2023

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 3, 2023




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



