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Abstract. In the era of data technologies for medical diagnostic cognitive software systems, new
informative data has been obtained based on topological data analysis in the form of Betti numbers. These new,
more informative data can be applied to medical diagnostic cognitive software systems and obtain a higher
accuracy in the diagnosis of neurodegenerative diseases, which is extremely important, since the choice of a
patient's treatment protocol depends on their accuracy. The higher accuracy of the functioning of medical
diagnostic cognitive software systems is achieved due to the fact that new informative data are topological data,
which in their values take into account the nature of the topological structure of experimentally measured data in
the form of electroencephalographic (EEG) signals characterizing the activity of the patient's brain.

On the basis of experimental data - EEG signals and methods of data science - topological data analysis,
new more informative topological data were obtained for the development of high-precision medical diagnostic
cognitive software systems in neurology.

The scientific approach is based on the methods and analytical techniques of algebraic topology, in
particular, the theory of categories and simplicial geometry (simplicial complexes). In particular, topological
data — Betti numbers, obtained on the basis of topological analysis of data on experimentally measured EEG
signals of the human brain, represent the number of simplexes with holes of different dimensions of the Vietoris-
Rips simplex complex.
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1. INTRODUCTION

In the age of data technologies, the qualitative development of modern high-precision
cognitive software systems for various fields of expertise is impossible without the use of a new
field of science — data science [1-9]. In particular, this applies to the problem of developing new
high-precision cognitive software systems for the medical diagnosis of neurodegenerative diseases,
since the choice of treatment protocol depends on their accuracy. The problem is that diagnostic
cognitive software systems do not provide high accuracy if they are applied directly to
experimentally measured data without taking into account their nature of structure. Thus, it is
important to take into account the nature of the structure of experimental data in the form of
obtaining new, more informative data from it. This new, more informative data can be applied to
diagnostic cognitive software systems and lead to higher accuracy in the diagnosis of
neurodegenerative diseases.

Let’s consider the analysis of known research findings: the formation of new
approaches and the development of methods for extracting new informative data from
experimentally measured ones are developing rapidly. Therefore, it is reasonable to note
only the main trends in data science — topological data analysis, tensor data analysis,
statistical data analysis, etc.

The objective of this study is to obtain new informative data for the development of
high-precision diagnostic cognitive software systems for the needs of neurology.

The statement of the problem in this work is formulated the following way: based on
experimental data — electroencephalographic signals (EEG) and methods of data science,
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topological data analysis, obtain new more informative topological data for the development of
high-precision diagnostic cognitive software systems in neurology.

Let’s dwell on the main content of the article. In recent years, there has been
a rapid transition from the information technology age to the data technology era.
Moreover, along with this transformation of society, the epoch of cognitive technologies
based on the convergence of various sciences and technologies is emerging in civilised
countries.

In the age of data technologies, new convergent areas of science and technology are
emerging. The convergence of such areas is driven by the needs of industry. One of these
emerging areas is data science. Data science includes statistical data analysis, optimisation
theory, linear algebra, approximation theory, machine learning, neural network
technologies, etc.

In its turn, the rapid development of data science within its domain has led to the
development of new subfields, including topological data analysis.

Topological data analysis is of particular practical value in solving data science
problems in which data have a network structure, for example, traffic flow data in logistics,
data on the synthesis of new protein-drug structures in pharmacology, data on food structures
in the food industry, data on the structure of celestial bodies in astronomy, data on the structure
of the biological connector of the human brain, etc.

By using topological data analysis in the above fields, it is often possible to successfully
solve the problem of obtaining new and more informative topological data from a priori
experimentally defined data. This, in turn, makes it possible to achieve higher accuracy in the
fields of machine learning and neural network technologies. This is especially important in
medical diagnostics, as the accuracy of the diagnosis affects the choice of treatment protocols
for patients. Given the fastest growing trend of neurodegenerative diseases, there is an urgent
need to develop cognitive software systems for highly accurate diagnosis of neurodegenerative
diseases to select the right treatment protocol (Fig. 1, Fig. 2).
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Figure 1. An old man diagnosed with Figure 2. Atrophy of the brain during a severe course
senile dementia [10] of the disease (on the left is a healthy brain) [10]

In this study, topological data analysis methods are used to obtain new and more
informative topological information from a priori experimentally measured data
(electroencephalographic signals) characterising the human brain. These new and more
informative topological data can be used to develop high-precision cognitive software systems
for medical diagnosis of neurodegenerative diseases.

ISSN 2522-4433. Bicnux THTY, Ne 1 (117), 2025 https://doi.org/10.33108/Visnyk_tntu2025.01 ..........evvererremmrenmreenriannns 63



Extraction of important data for cognitive software systems based on data science

2. EXPERIMENTAL METHODOLOGY

To illustrate the schematic representation of EEG signal sampling in humans, Fig. 3
shows the image [11].

For the selection of EEG signals in the study, a 16-channel electroencephalographic
complex NEYROCOM, made by the manufacturer of medical equipment HAI-MEDICA, was
used (Fig. 4) [12].

Thus, in this study, we carried out experimental measurements of electrical activity of
the human brain based on EEG signals (Fig. 5, Fig. 6).

Electroencephalogram (EEG)

Electrodes

Figure 3. EEG and brainwaves [11] Figure 4. 16-channel EEG system NEYROKOM produced
by medical equipment manufacturer HAI-MEDICA [12]
Electroencephalogram of first human Electroencephalogram of second human
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Figure 5. Visualization of EEG signals of person 1 Figure 6. Visualization of EEG signals of person 2

3. DATA FINDINGS AND PROCESSING

The results of EEG signal measurements were represented as two-dimensional arrays.
Row indices were interpreted as moments of time when the electroencephalograph measured
brain electrical activity, and column indices were interpreted as channels (electrodes) of the
electroencephalograph.

A topological data analysis was performed on each row of such two-dimensional
arrays: the point cloud formed by the electroencephalograph channels at a fixed time was
transformed into a sympathetic complex, such as the one, shown in Fig. 7. For better
understanding, Fig. 8 shows a visualisation of the electrical activity of the human brain at a
fixed point in time measured by an electroencephalograph and presented as a sympathetic
complex (the vertices of the sympathetic complex are the electroencephalograph channels).
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Figure 7. Vietoris—Rips complex [13] Figure 8. Simplicial complex of brain [14]

For each sympathetic complex based on a stable barcode, for instance, as shown in Fig. 9

(stability diagrams, for example, as shown in Fig. 10), Betty numbers were calculated — the number
of n-dimensional holes in the corresponding sympathetic domains that together form a sympathetic
complex. These Betty numbers were new informative data of high-precision diagnostic cognitive
software systems for the needs of neurology.
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Figure 9. Persistence barcode [15] Figure 10. Persistence diagram [15]

4. CONCLUSIONS

Based on experimental data — electroencephalographic signals and data science,

topological data analysis in particular, which uses methods and analytical techniques of
algebraic topology, new more informative topological data in the form of Betty numbers were
obtained, which can be used in the development of new high-precision diagnostic cognitive
software systems for neurology.
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YK 681.3

OTPUMAHHSA IHOOPMATUBHUX JTAHUX JIUISA KOTHITUBHUX
IMPOI'PAMHUX CUCTEM HA OCHOBI HAYKMU ITPO JAHI

Ougexcanap bpuk; Ouer Iactyx

TepHoninbcokuul HAYIOHAILHUU MeXHIYHUL YHigepcumem imeHi Ieana [lynios,
Tepnonins, Ykpaina

Pestome. B enoxy mexnonoeiti 0anux O MeOUHHUX OiAHOCMUYHUX KOZHIMUBHUX NPOSPAMHUX CUCTNEM
MPUMAHO HOBI THPOPMAMUEHI OaHI HA OCHOBI MONONO2IUHO20 aHanizy Oanux y euenddi uucen Bemmi. Lfi Hosi
IHGOpMamueHi OaHi MOJICHA 3ACMOCO8Y8AMU Ol MEOUYHUX OIACHOCMUYHUX KOSHIMUGHUX NPOSPAMHUX CUCHEM I
OMPUMYBAMU BUW{Y MOUHICMb 0iAZHOCIUKU HETPOOe2eHePAMUBHUX 3aX80PI06aHb. Lle Ha036UMatIHO BAICTUBO, OCKITbKU
6i0 ix mouHOCmi 3anexHcums uUOIP NPOMOKONY MKV8aHHA nayieHma. Buwa mounicmv (DyHKYIOHYE8AHHA MEOUYHUX
OIACHOCMUYHUX KOCHIMUGHUX NPOSPAMHUX CUCTEM OO0CA2AEMbCsL 3a605KU MOMY, WO HOGI IHpopmamueHi Oaui €
MONONOTYHUMY OAGHUMY, AKI Y CE0IX 3HAUEHHAX 6PAX0GYIONb NPUPOOY MONONO0IYHOI CMPYKMYPU eKCHEPUMEHMATLHO
BUMIpAHUX OaHUX Y 6uenadi enekmpoenyepanoepagiunux (EET) cuenanis, wjo xapakmepusyioms akmugHicms pooomu
2071061020 MO3Ky nayienma. Ha ocnogi excnepumenmanvuux oanux — EEI cuenanie ma memooié nayku npo Oami
MONONOSIUHO20 AHANIZY OAHUX OMPUMAHO HOSL [HQOPMAMUBHI MONONOIMHI OAHL OISl PO3POOIEHHS BUCOKOMOYHUX
MeOUUHUX OIACHOCIMUYHUX KOZHIMUGHUX NPOSPAMHUX CUCIEM ) He8pPOIoRii. B ocHo6i Haykoozo nidxody euKopucmano
Memoou ma aHanimuyHi mexHiKu aneedpaiyHol mononoeii, 30Kpema meopii Kame2opiti ma CUMAIUYIATILHOT 2eomempil
(cumnneyianvhux Kommniexcie). 3okpema, mononoeiuni dani — uucna bemmi, sxi ompumani Ha OCHO8I MONONOIYHO20
ananizy OaHux Hao excnepumeHmanvho umipanumu EED cuenanamu 2ono6H020 MO3KY JOOUHU ABTAIOMb CO00I0
KIbKICMb CUMNIEKCI8 13 Oupkamu pisHol eumipnocmi Biemopic-Pinc cumnaeyianenozo komnaexcy. [na eiobopy EET
cuenanie y docnioocenni euxopucmano 16-mu xanansnuti xomnnexc enekmpoenyegpanozpaghivnuii HEMPOKOM
8UpobHUKa MeduyHo20 obnadHanns XAI-ME/[UKA. Pe3ynomamu sumiprosane EET cuenanie manu 6uensio 08606UMIpHUX
Mmacugis. Inoexcu psaokie inmepnpenysanucs AK MOMEHMU Yacy eUMIPIO8aHy elleKmpoenyepanozpadom erekmpuuHoi
AKMUBHOCTI MO3K). THOEKCU KOJOHOK IHMePNpumyeanucs, K Kauam (erekmpoou) erexkmpoenyeganoepapa. Hao
KOJCHUM PAOKOM MAKUX OB0GUMIDHUX MACUBIE GUKOHAHO MONONOIYHULL AHANI3 OAHUX — XMAPa MOYOK, AKA YMEOPeHa
Kananamu enekmpoenyeghanozpaga. Y ixcosanuti momenm uacy 60Ha Nepemeoplosanacs 8 CUMRIUYIAIbHUL KOMIIEKC,
¥ 6EPUILHAX AKO20 PO3MAULOBANT eleKmpoou elekmpoeryedanozpaga.

Knrouoei cnosa: nayxa npo daui, monono2iunuil auaiiz 0auux, KOSHIMUueHi npocpamHi cucmemu.
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