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Classes of objects and relations in the Common Digital
Space of Scientific Knowledge*

N.E. KALENOV, I.N. SOBOLEVSKAYA, A.N. SOTNIKOV

Joint Supercomputer Center of the Russian Academy of Sciences — Branch of
Federal State Institution “Scientific Research Institute for System Analysis of the
Russian Academy of Sciences” (JSCC RAS — Branch of SRISA), Moscow, Russia

Abstract. All over the world there are many both global and local information systems focused on solving
various problems. As an integrator that allows you to solve complex information problems at the intersec-
tion of sciences and application areas of existing information systems. to the maximum extent using the
information resources accumulated in them, the Common Digital Space of Scientific Knowledge (CDSSK)
can be considered. The article provides the structure of the CDSSK, the requirements for its functionality
and the structure of the software shell, corresponding to the principles of the Semantic WEB. All objects
reflected in the CDSSK are divided into two classes — universal and local. Relationships between objects
are also divided into two groups — universal and specific. The paper proposes a list of universal classes
of objects, defines universal types of relations between them, gives examples of specific relations and
approaches to identifying local classes and subclasses of objects in a particular field of science.
Keywords: common Digital Space of Scientific Knowledge, Semantic WEB, codification, objects classes,
object reference, object relations, entity reference, relationships between objects, ontology.

DOI: 10.14357/20790279230101

Introduction

The Common Digital Space for Scientific
Knowledge (CDSSK) is being formed with the aim of
supporting and developing services in the field of sci-
ence and education in the modern digital environment.
[1 -4] The CDSSK includes heterogeneous informa-
tion objects tested by the world scientific community.
All over the world and in Russia, in particular, there

* The research is carried out by Joint SuperComputer Center of the
Russian Academy of Sciences — Branch of Federal State Institution
“Scientific Research Institute for System Analysis of the Russian Acad-
emy of Sciences” within the framework of a state assignment topic
FNEF-2023-0014.

4

are many both global and local information systems
focused on solving various problems. In this regard,
CDSSK should be considered as an integrator that al-
lows you to solve complex information problems at
the intersection of sciences and areas of application of
existing information systems. maximum use of infor-
mation resources accumulated in them. In particular, if
we talk about Russia, then there are and are developing
a number of state information systems in the digital
environment, for example, the Russian Encyclopedia
[5], the National Electronic Library [6], the Common
State Register of Legal Entities [7], State catalog of
geographical names [8], Russian Science Citation In-
dex [9] (Fig. 1).
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Classes of objects and relations in the Common Digital Space of Scientific Knowledge

Fig. 1. CDSSK is an integrator for scientific purposes
of the state information systems

1. The common digital space
of scientific knowledge object classes

Formation of CDSSK as a semantic WEB-space
includes the following tasks:

— selection and structuring of scientific objects pre-
sented in existing information systems and contain-
ing reliable and comprehensive information about
scientific achievements in various fields of knowl-
edge;

— metadata profiles formation of objects presented in
information systems;

— link start-up and registration of various kinds con-
nections between dissimilar objects;

— formation of RDF triplets within the chosen field of
knowledge.

Using OWL and RDF objects representations,
their properties and relationships, and SPARQL-based
data manipulation tools, you can build an information
system containing multifaceted scientific information,
backed by citations from reliable, time-tested, infor-
mation-based sources. systems that are constantly be-
ing updated [10-12].

2. The common digital space of scientific
knowledge general ontology construction

When constructing CDSSK common ontology, it
is necessary to implement the following steps:

1. Allocation of universal classes of objects.

Currently, these include:

— Persons;

— Groups of persons (people united by a certain crite-
rion, for example: “high school students”, “students
studying in a given specialty”, “geologists”, “resi-
dents of a given country or city”, etc.);

— Publications. This object contains subclasses such
as: monographs, collections, serials, etc .;
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— Qualification works (dissertations and abstracts,
copyright certificates);

— The documents. This class contains physical units
such as a specific book, handwritten materials, ar-
chival documents;

— Museum items. In particular, rare editions should be
treated as museum pieces with appropriate relations;

— Events;

— Location (geographic characteristics);

— Time characteristics;

— Organizations;

— Scientific directions;

— Thesauri (subject ontologies);

— General laws of nature from all scientific fields (the
law of universal gravitation, the three laws of New-
tonian mechanics, the laws of Lomonosov, the laws
of thermodynamics, Zipf’s law, etc.).

2. Development of metadata profiles of objects of
each class (subclass), including:

a. Formation of a list of metadata elements;

b. Define the characteristics and acceptable values of
metadata, including:

— type of data — text, number (range of numbers),
date (dates range), link to another object, e-mail
address, URL of an external object;

— mandatory or optional,;

— unique or repetitive;

— presentation format;

— selection from permissible values linear table
(single or multiple);

— choice from a hierarchical structure (single or
multiple);

— free value (in accordance with the established
view) with possible formal control within the
view (text — according to dictionaries, number
— for the validity of characters, date — for the es-
tablished format, link — for checking the existing
id, URL — for structure and accessibility).

3. Relations type establishing between objects. lL.e.,
normalized tables formation of relations values be-
tween objects inside and outside each class;

4. Development of the data warehouse structure and
the relations organization between them;

5. Development of a customizable administrator inter-
face that implements the attributes list formation,
tuning tables, data types selection, control type;

6. Development of an operator interface for entering
metadata objects;

7. Development of the system internal organization
(the formation of the name space of objects and re-
lations (URN), the space of identifiers (URI), the
formation of RDF triplets).

When defining metadata profiles for universal
classes objects, it makes sense to focus on semantic re-
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lations with international and domestic organizations
(ResearchGate, ORCID, RSCI — for persons, RAR and
USRLE for organizations, RSCI and WEB of Science for
publications, SCGN for geographic objects) [13, 14].

3. Universal relations types

1. Equivalence. For persons it means different spell-
ings of surnames and first names;

— for publications — translated versions of one publi-
cation, reprints of books (stereotyped);

— for organizations — different names of the same or-
ganization. For example, Moscow State University

— Lomonosov Moscow State University — Moscow
University, etc.;

— for temporal characteristics;

— for geographical names. For example, RF Russian
Federation — Russia.

Each object has required attributes:

— aunique identifier;

— name and relations of a given type with other ob-

jects.

Synonyms in subject ontologies. It is possible to
select one of the equivalent objects as the base (de-
scriptor), while the rest of the equivalent objects have
enough three attributes — id, the name and the relation-
ship of the type “equivalent” with the base.

2. “To be part of” (subordination of terms in subject
ontologies). For organizations it means subordina-
tion of subdivisions;

— for publications: article — journal, collection;

— for geographical objects: country — continent, city —
country, street — city, sea — ocean;

— for museum items: object — collection;

— for archives: document — inventory.

3. Contains (the prototype of “To be part of”).

4. Intersects (subject ontologies are intersection of
classification indices, country and natural zones,
desert on the territory of several countries; riv-
ers and countries; international organizations and
countries, etc.).

4. Specific relations

Specific relations exist in both generic and local
classes [15].
Examples of specific connections.
“Publication” — “Person”:
— author;
— editor;
— compiler;
— interpreter;
— painter;
— sponsor;

— contains information about a person (in the library
terminology “about him”);

— reviewer;
— other roles (technical editor, proofreader, etc.)
“Publication” — “Organization”:
— author (collective author — in library terms);
— publishing house;
— contains information about the organization;
— Sponsor.
“Qualification work” — “Person”:
— author;

— scientific adviser;

— opponent / reviewer.

“Qualification work” — “Organization”:

— place of work performance;

— leading organization

“Document” — “Person”;

— author;

— owner;

— contains information about the person;

— the document contains notes of this person.

“Document” — “Organization”:

— author;

— owner + location specification (for archival docu-
ments — the number of the document, case and in-
ventory, for the library the storage code, for the mu-
seum — the inventory number).

— mentioned in the document

— sponsor.

“Museum Item” — “Person”:

— author — manufacturer;

— collection author (for natural science collections)

— source of income (donor / seller)

— restorer

— is associated with this person (photography,
film-video, audio recording, etc.).

“Museum item” — “organization’:

— author — manufacturer;

— owner (+ clarification of location — inventory num-
ber)

— source of income (donor / seller)

— is associated with this organization (photography,
film-video, audio recording, etc.).

5. The common digital space of scientific
knowledge subspace structure

The factographic basis of each thematic CDSSK
subspace (its subject ontology) is structured encyclo-
pedic concepts related to each other and to objects of
universal classes. The structure of subject ontology can
be based on the sections of existing heading lists of sci-
entific information. For example: UDC (for general sci-
entific) [16], INIS (for nuclear physics) [17], etc.
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Below is an example of structuring the subject
ontology of the thematic subspace “Astronomy” on
the State Rubricator of Scientific and Technical Infor-
mation [18] basis.

ASTRONOMY

General problems of astronomy
Theoretical astronomy. Celestial mechanics
Astrometry

Astrophysics

Solar system

Sun

Stars

Nebulae. Interstellar medium
Star systems

Cosmology

Observatory. Instruments, devices and methods
of astronomical.

Each of the 11 sections highlighted at the second
level of the hierarchy is subdivided into subsections of
the third level. In particular, the following subsections
are highlighted in the “Solar system” section:

Solar system

General problems of solar system research

Structure and origin of the solar system

Planets and their satellites

Moon. Lunar eclipses

Comets

Meteors. Zodiacal light. Interplanetary environment.
Meteorites

Within each subsection of the third level, subsec-
tions of the next level or individual objects are allocated.
Each section (subsection) of a subject ontology is an ob-
ject of the CDSSK. For each object, universal and specif-
ic connections are established with other objects of this
subspace, other subspaces and with objects of universal
classes. For astronomical objects, these can be connec-
tions with persons of the form “discovered”, “described”,
“calculated”; with publications -relations of the form
“first published”, “textbook for school”, “the most com-
plete monograph”, etc .; with objects from the subspace
“Mathematics” — connections of the type “described by
equations”, etc. Objects of the subclass “Astronomical
observatories” included in the last section of the second
level of the subject ontology of the software program
“Astronomy” are connected with objects of the “Loca-
tion” class by the obligatory link “located in”, etc.

Location (geographic objects) as a universal class
contains general information about an object, not de-
tailed from the point of view of geography, but allowing
to determine the location with varying accuracy (from
the mainland to the house number and coordinates with
an accuracy of seconds). The purpose of distinguishing
this universal class is to process generalized queries
such as “archaeological excavations in Peru,” or “her-
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baria collected in Altai,” or “astronomical observations
carried out in Chile,” and so on. despite the fact that
the description of the object of archaeological finds may
indicate “Machu Picchu” or “Easter Island”, when de-
scribing the herbarium, the surroundings of Biysk were
indicated, and in astronomical observations, the Ataca-
ma Desert was indicated.

Objects of the universal class “location” are as-
sociated with elements of the thematic subspace “Ge-
ography”, which contains comprehensive descriptions
of geographic objects. The location class includes the
subclasses Land and Water, which in turn include the
following subclasses.

Land.

— continent

— part of the world;

— natural area;

part of the land that has a geographical name;

— country

— subject of the country

— locality (city, town, village)

— the named part of the settlement (district, street,
square, etc.)

— address

— coordinates

Water space.

— oceans;

— seas;

— lakes;

— rivers;

— other bodies of water that have a name (waterfalls,
swamps ...).

Along with universal connections, specific con-
nections of the type “washed” (connection between
a continent or country and the sea or ocean), “is an
inflow” (connection between rivers), “stands on” (con-
nection between a city and river), etc.

Conclusions

When software development for a particular sci-
entific direction, it is necessary to move along the path
of identifying classes and subclasses of objects, forming
objects metadata profiles of each subclass, establishing
relations between objects of this class, within this soft-
ware and with objects of universal classes. The result of
the design should be a set of RDF triplets, which will
allow implementing mechanisms for finding answers to
complex queries based on the SPARQL language.
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Abstract. Content filling of the institutional repository and keeping the entered data “up to date” is
a very resource-intensive task that requires organizing the coordinated actions of operators to enter
data into an information system (IS). To resolve one helps the curation of bibliographic metadata — a
set of actions and measures aimed for updating, managing and preserving digital objects through-
out their life cycle in educational and the scientific interests of the community. This work considers
the issues of bibliographic descriptions curation of publications by JINR (Joint Institute for Nuclear
Research) employees, their enrichment of metadata entered into the JINR institutional repository
from external sources: the Scopus bibliographic and abstract database, the Web of Science search
Internet platform, the information platform in High Energy Physics INSPIREHEP. The development of
information services for solving the problem of current accounting of the publication activity of JINR
staff is described.

Keywords: Open Access (OA), Institutional Repository (IR), CRIS & OAR, software platform Invenio-

JOIN?, Utility, Application Programming Interface (API), Authority Record, Publication Activity.
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Introduction

Keeping the content of the institutional reposi-
tory up to date is an important task that requires sig-
nificant time and human resources. The quality of the
content of any information system is one of the key
factors that makes it attractive to end users and able
to meet their changing information needs. The way
to organize such laborious work is to ensure the pro-
cess of continuous curation of bibliographic metada-
ta (the main digital objects of such kind information
systems) and include a set of actions and measures
aimed at updating, managing and preserving this
metadata throughout their entire life cycle. The tasks
of curation include: search and analysis of missing
bibliographic metadata (not included in the repos-
itory at the current time for some reason); search
and analysis of missing metadata of bibliograph-
ic descriptions uploaded to the repository; tracking
changes of the publication’s status (made earlier pre-
print can be transformed into an article published in a
peer-reviewed journal); detection of input errors; up-
dating user account data; updating data on the struc-
tural divisions of the organization, etc.

Currently, JINR is implementing an institu-
tional repository based on the Invenio-JOIN? soft-
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ware platform [1; 2]. Closed beta testing is under-
way now.

This paper considers the issues of identifying
missing bibliographic descriptions of JINR staff publi-
cations, adding bibliographic descriptions of reference
books (grants, experiments, persons); enrichment of
metadata (their clarifications and additions) entered
into the JINR institutional repository with data from
external sources: the bibliographic and abstract data-
base Scopus, the information platform in the field of
high energy physics INSPIREHEP [3]. These tasks
can be partially automated. As a solution, a set of util-
ities and services has been developed to facilitate the
implementation of some specialized standard curation
processes for the JINR Publications Server.

1. Approaches and Practices for the Curation of
Institutional Repositories

Most literature on the research topic presents the
implementation of IRs from the viewpoint of end users.
Thus the description is restricted by the front-end com-
ponent of such IS, that is only “iceberg tip”” and does not
give a complete picture of the complexity of such infor-
mation systems. Detailed structured descriptions of activ-
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Grant period 2018-2020
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Journal Article
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Download: BibTeX | EndNote XML, Text | RIS

Akishina, E. p* s Aleksandrov, E. 1. (Corresponding ﬂulhur)“ ; Alexandrov, 1. N.* ; Filozova, 1. A Gertsenberger, K. v s Ivanov, V. v.*
Development of a Geometry Database and Related Services for the NICA Experiments
Physics of particles and nuclei 52(4), 842 - 846 (2021) [10.1134/51063779621040031] _M

Fig. 1. Authority record of grant “P®®dUN 18-02-40125_wmera”

ities related to the management of research data, the needs
and actions of various categories of users, used tools are a
good basis for developing best practice guidelines and in-
frastructure templates for IRs [4]. These knowledge tools
can then be used by institutions that are currently imple-
menting institutional repositories. In many respects, the
approaches and practices of IRs content curation depend
on their specifics and the specifics of the institution that
holds the content [5]. The resources management of an
institutional repository includes the task of curation [6;
7]. The JOIN? project pays a lot of attention to the issue
of curation. All instances provide updating authority
records Persons and Institutes in automatic or semiau-
tomatic mode [2]. One more example: curation process
to enrich data in JOIN? repository with Metadata from
PubMed. The script produces several output-files that
are uploaded in batch and make updating records [2].
The implementation of curation processes depends on
the set of protocols and authentication tools used by the
institution. The project ISTINA [8] uses back-end al-
gorithms to find sustainable teams of authors, research
performance evaluation, authorship disambiguation
and so on. The paper [4] describes data curation and
use activities in IRs, their structures, roles played, skills
needed, contradictions and problems present, solutions
sought, and applied approaches.

2. Utilities and Services for JDS-JOIN?
Prototype

To solve the above tasks, the following set of
useful utilities has been developed: New Grants, Peo-
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ple&Institutes Corrections, Inspire Corrections, HAC
List. Services are implemented as a backend solution
for the JINR institutional repository and are executed
as server processes with a given frequency — tasklets.
Publications Server is carried out as an Open Access
archive of JINR scientific output [9].

2.1. Utility New Grants

To reflect the information about grant support of
the research work, resulting or describing in a publi-
cation, it is necessary to add the appropriate metadata
to bibliographic description of this publication. Grant
metadata is stored in the Authority Collection Grants
(fig. 1) — catalog of research funding sources (JINR
Themes/Projects, RFBR and RSF grants).

The Authority record of the Grant “PDODU
18-02-40125 mera” contains the title, coordinator
name, grant period, as well as a list of publications
loaded into the system and linked (logical connec-
tion of the publication belonging to this funding
source) to it. To specify the relationship between
publication and Grant, the submitter should enter
the necessary metadata in publication through the
web-Submit tool (fig. 2).

The input subsystem, using the import module
by the values of digital identifiers (in this case, DOI),
recognizes public bibliographic metadata and distrib-
utes them among the form fields. In the Grant name/
Funding sources section, the user selects the desired
grant from the drop-down list (it must first be loaded
into the system).

Information about JINR projects, funded by
the Russian Foundation for Basic Research and the
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Institute(s) * @
_ Type Shortcut and select(e.g.JINT:HTOBKuPUC:Cexk.Ne4: I

PTP (Themes and Projects of JINR Topical Plan) * @

| Select from the list or type the Theme's/Project's original nu

Grant name/Funding sources ./ Beamline/Experiment/
- POOU 18-02- | e.g. BM@N
POOWN_18-02-00325_A - KorepeHTHoe KnacrepHoe

ynopsinpodeHue aToMOB B UHTepMeTannuMaax Ha oCHoge

wenesa (2018-2019)

POOWN_ 18-02-40125 Mera - CoEeplIEHCTBOBaHKE
MHPOPMALUUOHHLIX CUCTEM ANA OHAAWH U odnaiH [
06paboTKK AaHHbIX IKCNEPUMEHTaNbHbLIX YCTAaHOBOK -
komnnexkca NICA (2018-2020)

POOWN_ 18-02-00673 a - CuMnaTUyecKoe oxnaxieHue
MOHOB B TMOPUAHBIX @aTOMHO-NOHHbIX CUCTEMAX C =

WMANAQNaaMLEIMIA nanamMaTnamia (2N18_2N72N1%
DOARASSS M _DIADANMEIDIMN.

Title * @

Fig. 2. Web-form for entering a publication

Extracting the regured Entenng the generated
Source Dara: text ﬁlEEIﬁ metadata and generaung an metadara through the batch
placed on the server output MARCXML-file upload module

Server

[ :Publication ]

[ :New Grants ] :Content ]

Manager

input grants metadata

output marcxml files

dispatch

- upload ma:.rcx.ml files
i

Fig. 3. Interaction of the server, module New Grants and content manager of institutional repository in the
scenario of generating and loading metadata about new grants
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Listing 1. Example Authority Record Grant PH® 19-75-20121

<record>
<datafield indl="7" ind2=" “ tag="024">

<subfield code="a”>G: (Ru-JINR)19-75-20121</subfield>
<subfield code="0”>I: (Ru-JINR) 400000</subfield>

<subfield code="d”>19-75-20121</subfield>
</datafield>
<datafield indl="” “ ind2=" “ tag="035">

<subfield code="a”>G: (Ru-JINR)19-75-20121</subfield>

</datafield>
<datafield indl="” “ ind2=" “ tag="150">

v

<subfield code="a”>HoBrle TuOPUIHEE U YIJIePOOHEIE ABPOTeJIM —
CTPYKTYPH MeTOIaMM MaJIOyI'JIOBOI'O paccCesaHnsA

<subfield code="y”>2019-2022</subfield>
</datafield>
<datafield indl="” “ ind2=" ™ tag="371">

CVHTEe3 WM aHaJlnu3
(Ha UBP-2) </subfield>

<subfield code="a”>I'OpmKoBa I0.E.</subfield>
<subfield code="0”>P: (Ru-JINR)P002369</subfield>

</datafield>
<datafield indl=” “ ind2=" “ tag="450">

<subfield code="a”>PH® 19-75-20121 IIpoBeIeHMre MCCJENOBaHMUM Ha DOase CyleCcTByoIel HayUHOM

MHOPACTPYKTYPE MMPOBOTO ypoBHA</subfield>
<subfield code="y”>2019-2022</subfield>
<subfield code="w”>d</subfield>
</datafield>
<datafield indl=”1" ind2=" “ tag="510">

<subfield code="a”>Poccuiickmuii HayuHwl Goun</subfield>
<subfield code="0”>I: (DE-588b)1228775-1</subfield>

<subfield code="b”>PH®</subfield>
</datafield>

<datafield indl="” “ ind2=" “ tag="980">
<subfield code="a”>G</subfield>
</datafield>

<datafield indl="” “ ind2=" “ tag="980">
<subfield code="a”>AUTHORITY</subfield>
</datafield>

</record>

Russian Science Foundation is the source of data
for the New Grants module. This information is
presented on the official website of JINR (http://
www.jinr.ru/grants/) [11]. The New Grants module
receives a text file with data about grants as input,
and generates an output file in MARCXML format,
which is loaded into the system in batch loading
mode by the content manager of the JINR publica-

tions server (fig. 3).

This utility implements the following functions:

» Extract grant metadata from source file.

* Checking for duplicates (whether there is an entry
with an identical number in the Grants authority
records collection).

* Generation of a marcxml file with a description of
the grant for subsequent loading into the system
(see Listing 1. — an example of the description of
the Grant authority record for the RSF project 19-
75-20121 in marcxml format).
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Using the New Grants utility, 270 records of
RFBR grants for the period 2013-2022 and 60 entries
about RSF projects for the period 2014-2022 were up-
loaded to the JINR Publications Server.

2.2. Service People&Institutes Corrections

This application updates the authority records
of People and Institutes — collections — directories of
JINR employees (potential authors of scientific publi-
cations) and JINR structural divisions of all levels of
the hierarchy, respectively (fig. 4).

The main functions of People&Institutes Correc-
tions:

» Updating data about working employees: modify-
ing email, adding SSO login, adding identifiers of
various external author identification systems like
Inspire, ORCID, Scopus (if available).

* Deleting authority records of non-working (dis-
missed) employees.

* Making authority records of new (hired) employees.
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Fig. 4. Update People and Institutes Catalogs

+ Updating data when an employee moves from one
department to another.

» Updating data on current structural divisions (renam-
ing, transferring to another level of hierarchy, etc.).

* Deleting authority records of liquidated structural
divisions.

* Entering authority records of new (newly created)
structural units.

Deletion of the record happens after attaching
a specific tag, the record becomes inactive (invis-
ible to the user) but is not destroyed from the da-
tabase.

This service is currently running weekly. On
average, the volume of corrective entries is: 25-35
updates (including dismissed and hired people) per
week, 3-4 updates for departments per month. When
the institutional repository is set to production mode,
the service will be launched daily.

2.3. Service Inspire Corrections

INSPIRE (https://inspirehep.net/) is the trusted
information hub for the high energy physics communi-
ty [3]. It serves as a one-stop information platform for
the HEP community, including 8 interconnected data-
bases of literature, conferences, institutions, journals,
researchers, experiments, jobs, and data. INSPIRE-
HEP works in collaboration with CERN, DESY, Fer-
milab, IHEP, IN2P3 and SLAC and has been serving
the scientific community for nearly 50 years.

Experience has shown that reports on publication
activity often lack publications for a given reporting
period from subject repositories such as INSPIRE-
HEP. This information platform has collected more
than 35 thousand publications of JINR employees for
the period from 1956 to the present (fig. 5).
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Fig. 5. JINR Publications in INSPIREHEP (2017-2021)

Over the past five years, the number of publica-
tions of JINR staff members stored in INSPIREHEP
has been at the level of 850 + 1000 per year.

To identify missing (missing descriptions in the
institutional repository) INSPIREHEP publications,
the Inspire Corrections service was developed, which
performs the following functions:

* Retrieve bibliographic metadata from the INSPIRE-
HEP hub using the public API (https://github.com/
inspirehep/rest-api-doc) for a specified period, as an
example: for the last month (configurable options).

* Duplicate Check: Checks for the publication meta-
data retrieved from INSPIREHEP and stored at the
JINR Publication Server.

+ Sending an email notification to the co-author (or
responsible person performing archiving by proxy)
about unloaded INSPIREHEP publications with ref-
erences and INSPIRE’s IDs. Using this information,
an employee can easily submit these publications
to the JINR Publication Server by using the Import
Data function of the web-submit module (fig. 6).
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Fig. 6. Web-form for new submissions

2.4. Utility HAC List

The experience of pre-production prototype of
institutional repository “JINR Publications Server”
showed that one of the frequent types of user queries
is the search for publications in journals registered in
various international and national catalogs and data-
bases (Database Coverage). For example, the search
of publications published in the Directory of Open Ac-
cess Journals ( DOAJ) indexed by Scopus, or journals
included in the List of Higher Attestation Commission
a list of leading peer-reviewed scientific journals in-
cluded by the Higher Attestation Commission of the
Russian Federation, recommended for publishing the
main scientific results of a dissertation for the degree
of candidate and doctor of science) [12].

The functionality of the Invenio-JOIN? software
platform, on which the JINR Publications Server insti-
tutional repository prototype is deployed, allows the
filtering of publications described above. To do this,
the Statistics key — special Authority Record, should

Extraction
pdf-file

HAC List ———»

of journal data, |structured data

be created and associated with the necessary journal.
Then all publications of this journal entered into the
system will be indexed as belonging to this Statistics
key, and can be found by the search attribute StatID =
value. Authority Record with internal value 2002 was
added to the Statistics keys catalog. The aim of it is to
indicate that the article is/was published in a journal
from the LIST of the peer-reviewed scientific publica-
tions, approved by the Higher Attestation Commission
under the Ministry of Science and Higher Education of
the Russian Federation.

The HAC List published at the official website in
a pdf file (the latest up-to-date version — 04/27/2022
includes 2679 journal titles). The file contains a table
with columns: No.; Name of the journal; ISSN; Scien-
tific specialties and branches of science corresponding
to them, in which academic degrees are awarded; The
date of inclusion of this journal in the List. The content
of the pdf-file in its original form is not suitable for
machine processing. An application was implemented

Writing into

— csv-file

specialties,
inclusion date

- text file

Fig. 7. Extraction of structured data from source HAC List
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Fig. 8. Indication journals records by statistics key HAC List

that extracts data from this pdf-file and structures the + Creating the corrective chunk with HAC List Sta-

data according to the above columns, and generates a tistics key in its absence.
text csv file (fig. 7). * Generation of journals authority records metadata
The resulting csv file is fed to the input of anoth- absened in a system, in marcxml format for up-
er application execute the following functions: loading with Statistics key HAC List.
* Checking the journal for duplicates by ISSN: Fig. 8. illustrates it.
whether there is a record with an identical ISSN An example of this approach is presented in fig.
value in the Journals authority collection. 9. The authority record of the journal Computer re-

*  Checking if an authority record has a HAC List Statis-  search and modeling displays a list of publications
tics key label, which means that the journal is identi-  published in it. The Database Coverage block displays
fied in the system as belonging to the HAC List. the HAC List label.
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Fig. 9. Authority record of journal Computer research and modeling
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Conclusion

Updating the content of an institutional reposi-
tory is a complex and multifaceted task that requires
continuous curation by the accompanying staff. Cura-
tion is organized on the basis of typical business pro-
cesses, some of which can be automated. Automation
consists in the implementation of a set of specialized
utilities (auxiliary scripts that complete the functional-
ity of the software platform in order to perform typi-
cal curation tasks) and information services. The work
shows the usage of this functionality on the JINR Pub-
lication Server as an example. In particular, the New
Grants Utility, Service People&institutes Correc-
tions, Service Inspire Corrections have been imple-
mented and included in the pre-production version of
the system. The Utility HAC List is implemented with
limited functionality and is still under development.
The relevance to continue the development of Scopus
Corrections Service with functionality similar to /n-
spire Corrections Service is discussed.
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Development of an Information-analytical System

for the Support and Maintenance of Licenses at MLIT JINR
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Abstract. The License Management System (LMS) was developed at the JINR Information Technology
Laboratory. The purpose of creating an LMS is to automate the management, acquisition, maintenance
and use of licensed software products. The system consists of a network licensing system (NLS),
databases and a web interface. NLS provides network license management, collects and transmits to the
time series database information about which network license was used by the user and at what time. The
features of collecting this type of data are given. This data is used in monitoring implemented on the basis
of the Grafana platform. The main LMS database stores data related to corporate, private, and other
types of licenses. It also stores the necessary data regarding license users. The database is implemented
in PostgreSQL. The system provides the ability to process workflows such as ordering new licenses that
users need, ordering to add to the catalog of purchased licenses, and other functions. The LMS web
interface is implemented in the development environment of the Electronic Document Management
System "EDMS Dubna" using the LegoToolkit web application. A website has been developed and

created for LMS users.

Keywords: license management system, database, web interface.
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Introduction

The Meshcheryakov Laboratory of Information
Technologies (MLIT) of the Joint Institute for Nuclear
Research (JINR) is actively working to streamline the
licensed software used. There are various aspects of
work related to optimizing the use of licenses. For
example, choosing the optimal consistent set of licen-
ses for complex open source projects [1]. In our work,
we primarily consider the issues of optimizing the use
of licensed products in terms of the cost of their ac-
quisition, and for the same purposes, the collection
and accounting of information on the use of licenses.
The variety of types of purchased licenses creates a
potential difficulty in considering and choosing the
optimal licensing conditions for the specific needs of
the Laboratory. There are many types of licenses, such
as personal, local, pre-installed software, full package
product, volume licensing, group, network, etc. To se-
lect the required types of licenses, it is necessary to have
information on both existing licenses and the needs
of users. Additional difficulties arise when solving
the problem of collecting dynamic information on the
use of network licenses. Licenses of this type are pur-
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chased for a certain number of users who have the
right to simultaneously use the license. The cost of
network licenses used in the Laboratory is quite high
and varies greatly depending on the number of users
it is purchased for. Therefore, detecting the maxi-
mum number of concurrent users is an important task
for future license renewal. To solve this problem,
it is necessary to collect data on the beginning and
end of the use of the license by the user. The corres-
ponding license usage and release requests are sent
from different user machines, and license managers
are third-party products from which it is not always
possible to obtain license usage information. Based
on this, and also taking into account the high costs
of acquiring licensed software products, the obliga-
tion to comply with the rules of the licensing policy
and the need to plan and optimize the purchase of
licensed software, it was proposed to automate the
processes of license management. It resulted in the
development and most of the implementation of the
LMS. The architecture of the system, the database
object model schema, the Web Interface design and
implementation are presented in this paper below.
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1. Architecture of the LMS

The LMS consists of three parts: Network
Licensing System (NLS), databases and Web Services.

The general architecture of the LMS is shown in
fig. 1.

Important parts of the system are Web ser-
vices and the associated database implemented in
PostgreSQL. The database contains all information on
purchased licenses, licensed software product (LSP), LSP
owners, main and auxiliary catalogs, LSP development
companies, vendors and other necessary information.
Based on this information, personal accounts of the user,
operator and auditor, the corresponding forms and docu-
ments are formed. The monitoring of Network Licenses
Usage information is based on data stored in the Influx data-
base (InfluxDB). This data is used directly by the Grafana
Server [2] and its plugin implemented within the LMS.

The external, public part of the Web services is
a Web site [3] built on the Drupal 9 platform. The site
contains up-to-date data on software licenses available
in the Laboratory, the terms and conditions of their
use, and also provides access to the distributions of
server software products. The private part of the Web
services is a personal account that allows various cate-
gories of users to manage the purchase and distribution
of licenses, as well as to make changes to the database.

The NLS is a separate subsystem of the LMS. It
consists of a separate network segment with private net-
work addresses and a system of access to them based on
the general entry into the pool of virtual machines and
the transfer of a request to use a license to the corres-
ponding virtual machine via the ports specified inside
the request. This is done in order to protect (secure) the

pool of virtual machines with license managers. Each
virtual machine contains the manager of the corres-
ponding LSP and the manager’s log analyzer for ob-
taining information on monitoring the use of the LSP.
When installing a software package, the user specifies a
single entry point as the name of the license server, and,
depending on the selected package, the required port.
When the software package is launched on the user’s
computer, the license server is contacted, a connection
is established with a proxy server, which, depending on
the incoming ports, forwards the connection to the ap-
propriate virtual machine with the required license ma-
nager, and the license is granted. Accordingly, at the end
of using the software package, the license is returned
to the pool of available licenses. Thus, the developed
structure of the licensing system allows organizing a
single entry point for users, easily updating versions of
the license manager, and also provides a sufficient level
of protection against external intrusions. The manager
usually writes into a log file all activities concerning
granting and releasing licenses, including the time of
license occupation and release, as well as the user’s
name who requested the license. The log file can be used
to collect information about license usage. MLIT has
network licenses, all of which use the FlexNet Publisher
license manager [4]. In any log, one can select key-
words to search for the username and time when the
license was granted, as well as another entry with the
username and time when the license was returned. An
example log file for Maple can be seen in fig. 2. The
above keywords are “license granted” and “license
accepted”. The output of such a parse is the same for all
license managers. The structure of the InfluxDB time
series database is in the center of fig. 2.

Fm--- === =======- b Fm--- === ======== b
1 1 1 T 1
1 Network Licensing System 1 Network Monitoring 1
1 1 1 1
1 1 1 1
| | Put Data | X PostgreSQL
1 Log Analyzation . —p InfluxDB 1
1 1 1 | 1
1 1 1 1 A
1 1 1 A 1
1 1 1 1
1 Get Log 1 1 Get Data 1
1 A 4 1 1 1 Get Data
1 1 1 1
1 . 1 1 1
| Pool of Virtual | | Grafana Server 1
1 Machines 1 1 1
1 1 1 1
1 'y 1 1 1
1 1 1 1
I J I J
Get Monitoring
Get Free Network Web Server
Licensing g Get Personal
Account
_

-

Fig. 1.
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Fig. 2. Structure of an InfluxDB record

InfluxDB records have the following structure:
TimeStamp (always required for a time series data-
base), tags, and values. The tag means the string type,
and the value means the numeric type of the corres-
ponding parameter. The tag part has the following pa-
rameters: User, Host, FamilyName (license family),
Name (license name). The value part has only one
value: 1 for a license grant operation and 0 for a li-
cense release operation. The numbers show the corres-
pondence between the log lines and database entry
parameters. The corresponding Log Analyzer runs
as a daemon on each virtual machine. It checks the
size of the log file, and if the size is changed, it reads
the log file, detects the unprocessed part of the log
file and parses it finding log records that reflect the
user’s activity on request or release of licenses. The Log
Analyzer writes the parsed data to the InfluxDB. It can
parse 2 types of logs: Maple and common flexlm used
by Matlab, Comsol, etc. This information is used by
the Grafana server to generate network license dash-
boards at the request of users.

2. Database object model

The developed object model of the LMS is shown
in fig. 3. The LMS database keeps permanent data con-
cerning licenses and their usage, users and their roles,
software products and companies that produce it, ven-
dors that provide software licenses, as well as other
information necessary for the implementation of the
project. All information is structured and represented
by the corresponding related entities (objects).

The ‘license’ object keeps parameters that de-
scribe a license. The ‘license’ object stores parameters
that describe information about the license, such as
the name of the license, vendors contact information,
vendor code, license purchase date, who purchase the
license, price, and license description. The object also
stores important parameters describing the license
validity period and other relevant information.
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The ‘license’ object has associations with the
‘license_type’ object (parameter ‘license type’ in
use), the ‘software’ object (parameter ‘software id’ in
use) and the ‘provider’ object (parameter ‘provider id’
in use). The ‘license_type’ object has ‘license type
name’ parameter that describe the type of the license.
There is a set of license types such as Public (infor-
mation about the license is available to any user of
the system), Closed License (license information is
available only to those who use it and to special users),
Personal License (a license intended for a single user),
Local License (a license intended for local installation
on a single computer), Group License (a license in-
tended for multiple users or local installation on mul-
tiple computers, and the number of computers cannot
be limited).

A highly important type is the Network License,
which is obtained through a special license server. The
network license entitles the user to install the product
on several computers, but the number of concur-
rent users must not exceed the number of purchased
licenses. Preinstalled Software (OEM) is also a type
of licenses. The user of such software purchases the
software together with a personal computer (PC) or a
server, and it can only be used on the purchased PC.
The last type of licenses used is the Boxes product or
Full Package Product. The purchase in this case of one
“box” gives permission to use the software product on
one computer. Users are allowed to reinstall the product
on another PC, but only a certain number of times.

The ‘provider’ object describes the license pro-
vider. The ‘software’ object represents the licensed
software using its name and description. This object
has an association with ‘company’ objects that describe
the license owner company. The ‘sys_users’, ‘license
use’, ‘computer’ and ‘computer_type’ objects describe
such essences that are connected with users who use
the license and the computer on which it is installed.
Only the ‘license_use’ objects are associated with the
‘license’ object (‘license_id’ parameter in use).
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Fig. 3. Object model of the LMS database

The LMS database schema also contains other
objects not shown in fig. 3. They provide the func-
tioning of various subsystems of the LMS:

e storage of parameters describing information about
users, their roles and their registration in the system;

» functioning of the subsystem “Reference books”;

* integration with other JINR information services,
in particular, with “EDMS Dubna” [5].

The main database is implemented on the
PostgreSQL platform.

The database that keeps monitoring data is a
separate database. This is not an SQL database, and
it keeps such data as time series with data in the
InfluxDB for Grafana.

3. Web interface design and implementation

The Web interface is designed as a set of per-
sonal accounts (PA), which differ depending on user
rights or roles. The JINR single sign-on (SSO) is used
to authenticate the user and his role when entering the
personal account of the LMS.

The LMS defines four roles: user, auditor,
operator and administrator. The personal account
view depends on the role of the client. The user with
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the user role can see information about all public
licenses, any information about own licenses and
their expiration period, as well as receive notifi-
cations about new licenses. The user can request a
new license from the list of existing licenses or a
renewal of the old one. The user may request that
a new license be added to the catalog of available
software for purchasing licenses. The operator has
all user rights and can additionally enter into the DB
all data concerning licenses, their owners and other
information that should be presented in the LMS
database. The auditor, additionally to the operator’s
rights, can also see any information concerning any
licenses, including their cost and any analytical in-
formation. The administrator performs any actions
available in the LMS database. The administrator
has the same rights as the auditor, but with additional
purely administrative capabilities. The view of the
auditor’s personal account is presented in fig. 4. The
user account has a set of TABs at the top of the Web
page, and any TAB can also have a set of SUBTABs
below the corresponding TAB.

The implementation of the context of tabs and
subtabs for different types of user roles is the same
with rare exceptions (nested tabs may differ in the
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presence of some buttons), thus, the pages differ main-
ly only in the presence of certain tabs and subtabs.

The view of user personal licenses in the user’s
personal account page is shown in fig. 5 as an example
of the subtab context.

Work to exchange information with other JINR
information services, such as “EDMS Dubna”, is also
underway.

The LMS Web interface is implemented in the
development environment of the electronic document

Licenss Managemant
System

w.0.4.1

management system “EDMS Dubna” using the entire
Web Application LegoToolkit (WALT) [6]. This toolkit
was developed at MLIT JINR and has been successfully
used in other systems for a long time. WALT is a template-
oriented platform designed for the development of Web
applications of various degrees of complexity, and the
main idea of WALT is to provide transparent, extensible,
and modifiable tools for solving some specific problems
that arise when developing Web applications. The use of
WALT for the LMS proved to be highly effective.
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Monitoring the use of network licenses is the
basis for analyzing the use of network licenses and
the possibility of obtaining a cheaper set of network
licenses in the future. The view of the monitoring page
is illustrated in fig. 6. The left graph in fig. 6 shows the
number of network licenses that users use for Maple.
The use of Combobox allows the viewer to set a list
of watched users. The right graph shows the number of
network licenses that users use for Comsol and Matlab.
These programs have several components with sepa-
rate licenses for each.

The monitoring page can be used as a separate
Web page and as the content of a tab of any user’s
personal account.

The initial version of the LMS release was im-
plemented and is presented above. The current version
implementation does not include some workflows,
such as ordering for supplementing the catalog of pur-
chased licenses or notification concerning license ex-
piration. Work to develop the system according to the
design is underway.

Conclusion

The architecture and object model of the LMS
database were developed. The design of the Web inter-
face of the system was completed. The initial release
of the LMS was implemented. The system consists of
the NLS, Web services and databases. The NLS is a
separate LMS subsystem responsible for automati-
cally issuing and releasing network licenses, as well as
is a pool of virtual machines, each of which runs the ap-
propriate license manager and log analyzer, supplying
monitoring information to the Influx database. Moni-
toring data is visualized using a plugin for the Grafana
server. The Web services consist of the external pub-
lic part, which contains up-to-date data on software
licenses and other corresponding data, and the private
part of the services containing personal user accounts.
The next version of the implementation is under con-
struction.

22

References

. Pogrebnoy, Dmitry, Ivan Kuznetsov, Yaroslav Go-

lubev, Viadislav Tankov, Timofey Bryksin. Sorrel:
an IDE plugin for managing licenses and detecting
license incompatibilities // 2021 IEEE Internatio-
nal Conference on Software Maintenance and Evo-
lution (ICSME) [Rules for the citing of sources].
Available at: https://arxiv.org/pdf/2107.13315.pdf.

. Grafana Home page [Rules for the citing of sour-

ces]. Available at: https://grafana.com/.

. Licensed software in MLIT [Rules for the citing of

sources]. Available at: http://soft-lit.jinr.ru.

. FlexNET Publisher [Rules for the citing of sources].

Available at: https://docs.revenera.com/fnp/2021r2/
pdf/fnp_LicAdmin.pdf.

. Alexandrov, LN., O.V. Belyakova, V.V. Korenkov,

S.V. Kuniaev, L.N. Pechnikova, M.S. Plyashkevich,
S.V. Semashko, G.V. Trubnikov, PV. Ustenko,
S.N. Chikhalina, A.V. Yakovlev. Development and
implementation of electronic document manage-
ment system “EDMS Dubna” at JINR // CEUR
Workshop Proceedings. 2016. Vol. 1787. 97-102
[Rules for the citing of sources]. Available at:
http://ceur-ws.org/Vol-1787/97-102-paper-15.pdf.

. Korenkov, V.V, S.V. Kuniaev, S.V. Semashko,

LA. Sokolov. WALT platform for Web Application
development // Proceedings of the 9th International
Conference “Distributed Computing and Grid Tech-
nologies in Science and Education” (GRID’2021),
Dubna, Russia, July 5-9,2021.2021. Vol. 3041. 387-
392 [Rules for the citing of sources]. Available at:
http://ceur-ws.org/Vol-3041/387-392-paper-71.pdf.

Tpyabl NCA PAH. Tom 73. 1/2023



Development of an Information-analytical System for the Support and Maintenance of Licenses at MLIT JINR

Alexandrov E.I Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region, 141980,
Russia, e-mail: aleksand@jinr.ru.

Alexandrov L.N. Phd, Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region,
141980, Russia, e-mail: alexand@jinr.ru.

Belyakov D.V. Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region, 141980,
Russia, e-mail: dmitry@jinr.ru.

Davydova N.A. Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region, 141980,
Russia, e-mail: luna@jinr.ru

Kalmykova L.A. Junior Researcher, Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna,
Moscow Region, 141980, Russia, e-mail: lidak@jinr.ru (correspondent author)

Lyubimova M.A. Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region,
141980, Russia, e-mail: Ima@jinr.ru

Sapozhnikova T.F. PhD, Junior Researcher, Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St,
Dubna, Moscow Region, 141980, Russia, e-mail: tsap@jinr.ru

Syresina T.S. Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region, 141980,
Russia, e-mail: syresina@jinr.ru

Yakovlev A.V. Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region, 141980,
Russia, e-mail: yakovleva@jinr.ru

Zrelov P.V. PhD, Joint Institute for Nuclear Research (JINR), 6 Joliot-Curie St, Dubna, Moscow Region, 141980,
Russia, e-mail: zrelov@jinr.ru

Tpyabl NCA PAH. Tom 73. 1/2023 23



On the analysis of individual data on transport usage*

M.V. BuryGIN!, D.E. NamioT!, O.N. POKUSAEV!

' Lomonosov Moscow State University, Moscow, Russia
"Russian Transport University (MIIT), Moscow, Russia

Abstract. The percentage of the world's urban population is currently more than 50\% and will increase
according to UN forecasts. Urban infrastructure must develop along with population growth. This article
provides an overview of methods for improving the city's transport infrastructure based on data analysis.
The article presents methods for reducing harmful emissions, optimizing the operation of taxis and public
transport, as well as recognizing transportation modes and some other tasks. These methods operate
with data describing the transport behavior of individual users of the transport network. The sources of
such data are smart card validators, GPS sensors, and smartphone accelerometers. The article reveals
the advantages and disadvantages of using each of the data types, as well as presents alternative ways
to obtain them. These methods, along with methods for aggregated data analysis, can become the main
part of a single platform that will allow city authorities in the process of improving the transport infrastruc-
ture. We propose architecture of this platform which will allows developers to extend range of available
algorithms and methods dynamically.

Keywords: transport data analysis, Data on transport usage, Smart city, Digital urbanism, Smart card

data analysis, GPS data analysis.
DOI: 10.14357/20790279230104

Introduction

According to the Digital 2021 report, more than
half of the world’s population (56%) lives in cities [1].
According to UN forecasts, the city population will
continue to increase further to 6.3 billion (about 65%)
by 2050 [4]. According to the study [17], population
density affects the quality of life. It is very important to
compensate for the negative impact of urban popula-
tion growth on the comfort of their inhabitants. One of
the concepts that make the life of urban residents more
comfortable is the concept of a smart city. A smart city
is a concept for managing the resources and infrastruc-
ture of a city with the widespread use of information
technology and Internet of Things technologies. In
article [13], a smart city is defined as a well-defined
geographical area, in which high technologies such as
ICT, logistics, energy production, and so on, cooperate
to create benefits for citizens in terms of well-being,
inclusion, and participation, environmental quality, in-
telligent development. It is governed by a well-defined
pool of subjects, able to state the rules and policy for

* This research has been supported by the Interdisciplinary Scientific
and Educational School of Moscow University “Brain, Cognitive Sys-
tems, Artificial Intelligence”.
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the city government and development. Public transport
is one of the main components of the urban infrastruc-
ture that provides a comfortable city life. In [15], the
authors emphasize that smart projects in a technocity
should be aimed at transport improvement. To build
an easy-to-use public transport system, it is necessary
to take into account the transport needs of citizens. In
a time before information technology penetrated ev-
eryday life, surveys and censuses were used to study
the needs of citizens. The collection of such data is
expensive, requires the participation and time of citi-
zens, and the data obtained quickly become outdated.
In the modern world, new data sources describe the
movements of citizens. They provide data at a lower
cost and with accuracy and speed that was not possible
with the methods of the past. One such data source is
mobile phones. During their operation, mobile phones
and smartphones exchange information about signal
strength and delay with base stations. This informa-
tion is stored in base stations and can be used to deter-
mine the location of devices. The main advantage of
these cellular operators is mass character. According
to [1], the penetration rate of mobile phones is more
than 65% and is constantly increasing. In large cities
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and developed countries, according to [3], almost the
entire population is subscribers of mobile networks.
The important advantage of cellular operators’ data is
collecting at the operators’ base stations, centrally and
not visible to users. The disadvantages of such data
include their low spatial accuracy, which is sufficient
to determine, for example, the area of departure and
arrival, but not a specific object. The data of cellular
operators are convenient for analysis and mostly used
in the form aggregated by city districts and time inter-
vals. Example of aggregated transport data is present-
ed in Table 1. Thus, researchers have access to data
on the number of people in each of the city districts.
Traffic flow data between each pair of districts for each
time interval is also available. Due to the presence of
base stations of cellular operators in the subways of
some cities, for example, in Moscow, it is possible to
measure the traffic flow of the subway separately. The
development of data analysis algorithms also makes it
possible to obtain information on the number of people
traveling from home to work and from work to home.

Table 1
Aggregated transport data example
Timestamp Source | Destination Count
district district id of customers
id
20/01/22 10:00 1 2 1012
20/01/22 10:00 1 3 1258
20/01/22 10:30 1 2 521
20/01/22 10:30 1 3 620

An overview of cellular operators’ data analysis
methods is presented in the article [10]. Our paper [§]
presents an anomaly detection method for aggregated
data of cellular operators. Such anomalies correspond
to important social events. These events do not need
to be predicted. They are either known in advance (for
example, large concerts, social events) or are unpre-
dictable (for example, major accidents, fires). City
authorities need to respond to such events on time
and take measures to improve the traffic situation, so
it is necessary to identify changes in traffic flows and
measure them. The paper [9] proposes a method for
clustering city districts based on aggregated data from
cellular operators. As a result of clustering, the city
areas were divided into five clusters (from residential
to working areas). Urban infrastructure in districts of
different clusters should have various development
vectors to meet the needs of citizens living in these ar-
eas. This article is devoted to an overview of methods
for analyzing individual transport data. Such data, in
contrast to aggregated data, make it possible to obtain
more accurate and granular information about the na-
ture of movements in the city.
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1. Main Part

Most modern mobile phones are smartphones.
They have many sensors such as GPS [20] and accel-
erometers. Unlike location data received by cellular
operators, data from GPS sensors has higher spatial
accuracy. It is important to note that GPS data has a
lower penetration rate than cellular data, as not all mo-
bile phones have a GPS sensor. To transfer data, you
need to use a special application. Crowdsensing can
be used to motivate smartphone users to install appli-
cations. It is the provision of some bonuses to users,
for example, additional free Internet traffic or free ac-
cess to content, in exchange for data. The collection
of trajectory information can also be embedded in
applications that provide transportation services, such
as a taxi/bus depot application. The data received by
smartphone accelerometers are also collected on the
user’s side. It can also be obtained utilizing crowd-
sensing. These data are successfully used to predict the
type of activity of a smartphone user and the type of
transport they use [35] [29]. The solution to such prob-
lems helps to understand the distribution of the traffic
flow between different transportation modes. It allows
city governments to organize better the transport net-
work of the city. It is possible to use data from smart
card validators to analyze the movements of public
transport passengers. Smart cards (transport cards)
are a popular means of payment in transport systems.
Such cards are used to pay for travel in cities such as
Moscow, Beijing, Melbourne, and many others. They
record information about the balance or the number
of remaining trips. Admission to public transport is
carried out after passing the validation process. If the
cost of the trip depends on the travel distance or the
endpoint, then the smart card can also be validated at
the end of the trip. This solution is less convenient for
passengers. The data of the validators, in this case, al-
lows researchers to accurately determine the trip des-
tination. If destination data is not available, there are
heuristics to retrieve it. The paper [33] is devoted to
an overview of the data formats collected by the vali-
dators and some processing methods. The advantages
and disadvantages of using data from various sources
are presented in the Table 2.

Data type Advantages Disadvantages GPS data
Ability to obtain trajectories with high spatial accura-
cy, the ability to determine the speed. Low penetration
rate, the need to install special applications to obtain
Accelerometer data High accuracy in solving transpor-
tation mode prediction problems Low penetration rate,
the need to install special applications to obtain, do not
contain information about the location, a narrow range
of tasks to be solved Smart card data Collected central-
ly, high penetration degree, accurate spatio-temporal
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marks Reflect only data on the traffic flow in public
transport, the endpoint of the trip and the exact trajec-

tory are not always known

Table 2

Advantages and disadvantages of using data from
various sources

Data type

Advantages

Disadvantages

GPS data

Ability to obtain
trajectories with
high spatial ac-
curacy, the ability
to determine the
speed

Low penetration rate,
the need to install
special applications
to obtain

Accelerometer

High accuracy in

Low penetration rate,

penetration de-

gree, accurate

spatio-temporal
marks

data solving transpor- the need to install
tation mode pre- special applications

diction problems to obtain, do not

contain information

about the location,

a narrow range of

tasks to be solved

Smart card Collected cen- Reflect only data
data trally, high on the traffic flow in

public transport, the
endpoint of the trip
and the exact trajec-
tory are not always

known

2. GPS data

GPS data are collected from smartphones or
navigators using specialized applications. Such an
application can be installed on the device by the user
himself to exchange his data for some bonuses or use-
ful functionality. Also, applications that collect GPS
trajectory data are often installed on the devices of em-
ployees of transport companies.

Taxi fleet data. There are two main directions in
the analysis of taxi fleet data on trajectories collected us-
ing GPS. The purpose of the first direction is to optimize
the operation of taxis. Taxi companies are most interested
in the development of this area. It includes a behavior
analysis of drivers, an analysis of passenger demand, and
other tasks. The solution of these tasks will reduce costs
and increase the income of taxi services. The second
direction is the analysis of the transport network of the
city. Within the framework of this direction, the tasks of
assessing the total transport flow and its characteristics
on the city streets are being solved. The possibilities of
reducing harmful emissions from transport services are
being analyzed. The latter challenge is especially rele-
vant in some metropolitan areas where high levels of CO,
emissions harm the health of citizens.

In the study [22], the authors, based on the anal-
ysis of GPS data on the trajectories of taxi cars, pro-
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posed a method for optimizing taxi ranks, taking into
account the spatio-temporal distribution of passen-
ger demand and the waiting time for taxi customers.
The proposed methodology is demonstrated on 204
hours of trajectory records in Shenzhen (China). The
research materials in this paper are useful to city au-
thorities when planning taxi stops, taxi companies to
predict demand, as well as taxi drivers and users who
can better estimate the waiting time for a taxi. In [24],
GPS data on the trajectories of Beijing taxis are used
to study the influence of network companies such as
Uber and Didi on taxis in the city. It is concluded that
with the advent of taxi network services, the number
of trips per day per taxi decreased by 18.08%, and the
average daily income by more than 19%. The authors
also compare strategies for searching and delivering
passengers by taxi drivers with high and low efficiency
in different periods. Research [48] is devoted to the
detection of anomalous trajectories. According to the
authors, anomalous trajectories are trajectories chosen
by a small number of drivers that differ from the nor-
mal trajectories chosen by other drivers. Such trajec-
tories can serve as signals of incidents in urban traffic
systems or fraudulent activities on the part of drivers
and passengers. The researchers propose an anomaly
detection algorithm based on hierarchical clustering of
different trajectories with the same source-destination
pairs. They identify four main patterns of abnormal
behavior. Computational experiments show the effec-
tiveness of the proposed method for detecting fraud-
ulent routes and adverse road events. The study [12]
examines the impact of precipitation on taxi demand.
The authors introduce the concept of a high-income
passenger to study the demand for a taxi and the driv-
er’s efficiency. The researchers show that increased
rainfall intensity has the opposite effect on passen-
ger demand for taxis during weekday peak hours and
off-peak hours. It is noted that a deeper study of the
activities of a taxi is possible using data from taxi call-
ing applications, sensors, as well as financial reports
of drivers. Data on the taxi trajectories obtained from
GPS sensors also are used to estimate the congestion
of city roads. The study [30] proposes a method for
calculating the road congestion factor based on the
average speed of taxi drivers. As a result of a com-
putational experiment carried out using data on the
trajectories of Beijing taxi drivers, the authors set the
time limits for the morning and evening rush hours.
They estimate the intensity of traffic on the city roads
at various time intervals. It notes that the workload in
the morning peak hours is higher than in the evening.
There are no peak hours on weekends. In the study
[28], GPS data on the trajectories of taxi drivers in the
city are also used to estimate traffic intensity. Based
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on this assessment, a model for the analysis of urban
transport emissions is proposed. The territory of the
city is divided into traffic analysis zones (TAZ). With-
in them, instantaneous emissions of CO,, NO_ are es-
timated. The authors show the relationship between
the density of roads and the number of emissions in
the TAZ. They conclude that the highest emissions
are in TAZs with large business centers. The authors
show that within Beijing’s fifth ring road, emissions
are higher in the north than in the south. The results
of this study can be used by the city authorities for
lowcarbon urban transport planning, the promotion of
alternative energy vehicles, and the design of charging
stations. The article [52] is also devoted to the study
of emission levels in megacities. The authors analyze
data from more than three million GPS trajectories
of mobile subscribers obtained in Setagaya, Tokyo.
They propose a method to reduce harmful emissions
by changing the bike-sharing system. The proposed
method showed a reduction in emissions by more than
6% compared to previous methods. The materials of
this study are useful in the design and improvement of
bicycle-sharing systems around the world. The study
[40] is devoted to the comparison of harmful emis-
sions from classic taxis and taxi drivers working with
aggregators. In it, the authors compare the trajectories
of Didi taxi drivers with ordinary taxi drivers work-
ing without an aggregator. The study found that DiDi
drivers drive less in search of passengers, heading di-
rectly to the pick-up point. Fuel consumption and car-
bon monoxide emissions, nitrogen oxides, and hydro-
carbons per passenger-kilometer are about 1.36 times
higher in classic taxi rides.

Bus fleet data. GPS data on vehicle trajecto-
ries are massively collected not only in taxi services
but also in bus networks. A model for reducing pub-
lic transport emissions based on GPS trajectory data
using the concept of individual buses is proposed in
[50]. During a computational experiment conducted
on trajectory data recorded by mobile phones in To-
kyo, 29 potential individual bus routes are calculated.
The researchers identify three types of routes: radial,
circular and suburban. The estimated emissions re-
duction is 13%. The authors find convenient places
for the proposed stops of individual buses. This study
may be useful to city authorities in the implementa-
tion of the concept of individual buses. In [27], the
relationship between critical driving events (long stop,
hard acceleration, and hard deceleration) and crashes
is investigated. The authors use Spearman’s rank cor-
relation coefficient based on data on the trajectories
of 300 Orlando buses. They find that sudden accelera-
tion and long stops are positively associated with traf-
fic accidents involving pedestrians and cyclists. The
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authors of the article propose to use the materials of
their research in the design and implementation of pro-
active traffic safety management systems. Paper [53]
proposes a framework for evaluating the performance
of bus routes based on GPS trajectory data collected in
Jinan, China. Several important bus performance met-
rics are studied, including route times, stop times, idle
times, and groupings of buses. The results show that
the travel times of the routes follow a correct skewed
distribution. In addition, the passage time of a section
between two successive stops varies at different peri-
ods and is longer during the evening peak hours. The
article [41] is devoted to the solution to the problem
of planning dedicated lanes for buses. The authors
formulate the problem of planning dedicated lanes
for buses as a multiobjective optimization problem in
which road conditions, traffic flow, bus lane connectiv-
ity, and construction cost act as constraints. The use of
the road and the punctuality of the bus are taken as ob-
jective functions. A method based on an evolutionary
algorithm is presented for solving the problem. The
operation of the method is illustrated by a computa-
tional experiment conducted on GPS data from buses
in Shenzhen, China. Often the trajectories of buses fol-
lowing a fixed route are stored in a compressed form.
The data includes only relevant bus station arrival and
departure records. The article [37] presents a BVI sys-
tem for visual data analysis. This system contains four
data analysis modules. The first module cleans and
displays sparse trajectory data. The second module is
responsible for analyzing the state of global traffic and
traffic patterns of road sections. In the third module,
an analysis is made of bus station congestion patterns,
and in the fourth, an analysis is made of the impor-
tance of bus stations in a complex public transport net-
work. The authors demonstrate the performance and
efficiency of the proposed system in three experiments
using a data set of real bus GPS trajectories.

GPS data from other sources. The study [7] is
devoted to ensuring safety at construction sites based
on the analysis of GPS trajectories of builders. The
paper proposes a system that processes GPS data, cal-
culates stopping points, trajectory intersections, and
provides this information to safety managers. The
main distinguishing feature of the proposed system is
that it does not use the GPS data directly, but the pro-
cessed spatio-temporal trajectory data. The materials
of this article are useful to identify potentially unsafe
behavior at construction and other facilities. In [16], a
method for transportation mode prediction based on
GPS trajectory data is presented. The main part of the
proposed method is preparing data for classifiers (ran-
dom forests, decision trees, nearest neighbors, Naive
Bayes). It consists of five stages. At the first stage,
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points of GPS trajectories are grouped. Then points
signs of trajectories are generated. Trajectory charac-
teristics (percentiles, medians, etc.) are highlighted.
Noise is removed from the obtained data. Normaliza-
tion is carried out. Classifiers built on prepared data
show higher accuracy, surpassing classifiers built
using other data preparation methods. City authori-
ties need to create a comfortable urban environment
for pedestrians. Active walking helps to improve the
health of the city’s population and improve the qual-
ity of life in the city. The study [38] is devoted to the
analysis of pedestrian behavior. The authors use GPS
data on the trajectories of pedestrians collected using a
special application for smartphones. The authors show
the influence of various street attributes, which, as is
known from previous studies, influence the choice of
a walking route. Unlike most studies where the data is
limited to a specific type of destination (such as public
transit stops), this paper examines a set of trajectories
from a wide range of destinations and geographic re-
gions. To evaluate the choice of paths, a new method
of alternative path creating is used. The proposed ap-
proach obtains information about the attributes of the
route using Google Street View image analysis.

The paper [55] proposes a system for construct-
ing a city pedestrian network. This system includes
three key modules. The first module is filtering data
on walking trajectories. The second is building a pe-
destrian network and the third is its evaluation. Data
for analysis is obtained using crowd-sensing from the
GPS sensors of phones. The authors conduct an exper-
iment showing that the pedestrian network extracted
using the proposed system is accurate and complete.
The work [25] is devoted to modeling the trajectories
of pedestrians in the city. An important problem in the
analysis of pedestrian trajectory data is large errors
in positioning caused by large buildings and frequent
stops, and direction changes. The authors proposed a
system for modeling pedestrian trajectories that solve
such problems. The paper describes in detail the archi-
tecture of the system, and the tools necessary to im-
plement such an architecture. The study [46] proposes
a method for people crowds detection based on GPS
movement trajectories data. The main feature of the
proposed method is resistance to noise and missing
data, which is typical for data collected in urban areas.
The results of the computational experiment show that
the method accuracy of detecting crowds and isolating
their members is 91.3

3. Smart card data

Currently, smart cards are widely used to pay
fares in the transport systems of many cities. Data on
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the validation of transport cards are collected by special
systems and are utilized mainly for invoicing. These
data can also be used to solve other applied problems.
Example of individual transsport data is presented in
Table 3 A large number of individual transport contrib-
utes to an increase in the number of harmful emissions
into the atmosphere. The main alternative to individual
transport is public transport. The use of it is more en-
vironmentally friendly. For increasing public transport
use, it is necessary to identify the reasons why urban
transport is not attractive to citizens. The study [36]
is devoted to identifying factors contributing to the
public transport use reduction. The authors built a Cox
regression model on features obtained from smart card
data. These features include for each passenger the
share of weekdays using public transport, the number
of pairs of places of departure and arrival, the share of
tram use, the type of transport card, and others. Based
on the analysis, the authors propose incentive mea-
sures to maintain and increase the use level of public
transport for various population groups.

Table 3
Smart card data example
Timestamp Validator Smart Balance
id card id
20/01/22 09:30:55 0 125558 500
20/01/22 09:31:32 136472 362
20/01/22 09:32:05 123657 414
20/01/22 09:32:55 130058 580

In Brisbane, Queensland, Australia, smart cards are
used to access CityCat ferry transport. The article [39]
provides a detailed study of the data of more than 1.5 mil-
lion smart card data transactions. The authors establish
that, despite the presence of only one route, more than
2% of trips on public transport are made on these fer-
ries. The article notes that the use of ferries is mainly for
going to work and school during rush hours. The ferry
use level at the weekend remained at the same level. A
cluster of users using the ferries for one-time recreation-
al purposes is identified. A high degree of integration of
the CityCat system with other transportation modes is es-
tablished. More than 15% of trips continued using other
transportation modes. The paper [54] is devoted to the
transfer identification problem. This paper investigates
transfers between subways and bike-sharing systems.
An important difficulty in conducting such studies is the
use of various transport cards for metro travel and bicy-
cle rental. The authors proposed a method for comparing
data from smart cards of two different transport systems
for one passenger. In the computational experiment, this
method showed an accuracy of 100% for 573 passengers
under study. The authors examine the identified transfers
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and conclude the movement of passengers. The authors
note that 2/3 of bike-to metro transfers and vice versa
take place during peak hours, and bike-to-bike and bike
trip times account for an average of 27% of the total trip
time. For the correct distribution of transport resources
in the city and the prompt response to various incidents,
the city administration needs to understand how traffic
flows change during the day, and in emergencies. The ar-
ticle [51] is devoted to the subway daily traffic fluctuation
study. The authors use data from more than a million trips
over five working days with normal weather conditions
in Nyanzhin city. The researchers identify the coefficient
of increase in traffic during peak hours, analyze and com-
pare passenger traffic on different metro lines and at dif-
ferent stations. The authors use thermodynamic diagrams
to visualize the inflow and outflow of passengers at sta-
tions. This representation allows researchers to identify
congestion in the metro in the city. Also, it helps to visual-
ize the features of passenger traffic in the city. The article
[34] is devoted to the accident impact study on the city
transport system. The authors found that medium-term
disruptions can have long-term consequences for the
travel patterns of long-term users of the affected infra-
structure. They note that their method is one of the first
in this area, using passively collected data. Other studies
in this area use data from questionnaires or surveys that
require participation from passengers. One of the main
problems of modern megacities is their monocentric. Ac-
cording to our study [9], the working districts of Moscow
are concentrated in the center of the city. This leads to the
fact that urban residents from peripheral areas are forced
to spend a lot of time traveling to their places of work and
also stimulates the use of personal transport. This leads
to an increase in harmful emissions into the atmosphere
in the city center. The study [31] is devoted to identifying
spatiotemporal patterns of trips to work for public trans-
port passengers in Beijing. Using one month’s smart card
validation data, the authors identify the places of work
and residence of individual passengers, as well as the
time of their departure. Visualization of the obtained data
showed significant differences between workplaces and
residences in Beijing. The study materials are useful to
build a balanced transport system in a monocentric city.
The validator data contains not only information on gen-
eral traffic flows and individual traffic behavior, but also
indirect features describing the transport network users.
For example, information on the smart card validation
can also be used to obtain socioeconomic features de-
scribing their users. Such data are useful for the rational
allocation of social subsidies, the detection of potential
fraud with social smart cards, and for solving other ap-
plied problems. Modern methods for assessing socio-
economic behavior are based on data on the behavior
of users in cyberspace, for example, on data from social
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networks [6]. Article [14] proposes an approach to assess
the socioeconomic status of a smart card user based on
deep learning. This approach combines the mass nature
of modern methods based on data, but at the same time
works with data on real, not virtual, user behavior. The
paper illustrates the application of the proposed method
on the Shanghai SCD dataset containing data on more
than a million smart card users. Data similar in nature
to smart card validator data can be collected in other
ways. The paper [19] proposes an approach for calculat-
ing travel time based on data from Wi-Fi scanners. With
this approach, passenger devices with a Wi-Fi receiv-
er, such as a smartphone or tablet, act as a smart card,
the MAC addresses of their devices act as a passenger
identifier, and a Wi-Fi scanner acts as a validator. This
approach makes it possible to obtain data that can be
used for analysis by the methods described above and
expand their scope. It is important to note that modern
mobile operating systems may prevent such tracking of
device owners to increase privacy. When connected to
Wi-Fi, such devices generate random MAC addresses,
which limits the application of the method proposed
above. Alternatively, an approach can be proposed that
uses unique Bluetooth addresses instead of Wi-Fi MAC
addresses. Quite a lot of popular wearable wireless de-
vices use this technology (wireless headphones, fitness
bracelets, and others), while the Bluetooth address of
these devices does not change when connected. Cur-
rently, the development and implementation of alterna-
tive payment methods to smart cards are underway. An
example is the introduction of a payment system using
face scanning in the Moscow metro. When using such
systems, data on the validation of the transport system
user is also saved, so smart card data analysis methods
will not lose their relevance. Let us summarize all the
presented methods for analyzing individual transport
data in the Table 4.

Table 4
Problems and bibliography

Problem Bibliography

[22], [24], [45], [48], [12]

Taxi research and
optimization

Public transport research
and optimization

[27], [53], [41], [37], [39],
[361, [51], [34], [31

Identification and research [23]1,[54]
of transfers
City road congestion [30], [28]

assessment

Reducing harmful emissions
in megacities

[28], [52], [40], [50]

Transportation mode pre-
diction

(71, [16], [35], [29]

Pedestrian network research [38], [55], [46], [25]
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4. Discussion

Our literature review shows that there are many
methods for solving urban transport management
problems. In addition, there are ready-made platforms
that combine groups of such them. Typically, such
platforms, for example [18], con tain a fixed set of
algorithms that solve some previously known set of
problems. Other platforms, such as [26], fix a specif-
ic problem-solving method. In [26], an architecture
based on neural networks is fixed for solving regres-
sion problems. Such algorithms have low explainabil-
ity and can be difficult to tune. We propose a new ap-
proach to the platform architecture for data analysis in
digital urbanism. Amount of tasks that arise in urban
infrastructure management reduces to the tasks of find-
ing deviations from some given “normality”. Thus, to
solve them, the platform must provide modules for
working with the initial data, and modules for describ-
ing/obtaining normality and searching for deviations
from it. There are two data processing modules. The
first is for reading and loading data, storing it, and also
checking the correctness of the data type. It is import-
ant to note that in urban studies, most of the analyzed
data can be reduced either to correspondence matrices
(cellular operator data, aggregated GPS, or smart card
data) or to a form similar to that presented in Table
1 (individual GPS data, smart cards). This feature al-
lows you to work with data from different sources in a
unified way. The second module is responsible for the
semantic validation of the submitted data according to
heuristic rules. The third module of the platform pro-
vides some standard ways of describing normalities
and methods for detecting deviations. As an example,
the normality model presented in [8] can be taken.
The API module will allow developers to define their
own “normalities” and deviation-detecting methods.
This module will allow the platform to overcome the
limitations of existing platforms in the form of a fixed
range of tasks to be solved and a fixed architecture for
their solution since new normality and deviation-de-
tecting methods can be defined on any data of one of
two standard types. The results of the algorithms must

be visualized in a form convenient for perception. The
platform must contain a data visualization module to
do this. One of the important parts of such a platform is
methods for implementing visualization on city maps,
and graphs. Ready-made solutions, such as [2], can be
used as the basis for such methods. The platform ar-
chitecture diagram is shown in Fig. 1

According to this architecture, it is possible to
create a comprehensive platform for data analysis in
urban studies. The main advantages of such a platform
are the ability to work with different data sources, and
the ability to dynamically expand the base of platform
analysis methods using the API, which will eventually
expand the range of tasks to be solved with low labor
costs.

Conclusion

In this article, individual transport data analysis
methods are considered. Many of these methods can
help cities design transportation systems. Data sourc-
es, combined with new methods of analysis, help to
better understand the transport needs of urban resi-
dents and improve the comfort of their movement,
as well as reduce travel time. Modern data sources
allow answering questions about when, where, and
how citizens move. We propose a platform architec-
ture that will allow us to combine many urban data
analysis algorithms from different sources. This ar-
chitecture allows developers to describe the concept
of normality and deviations themselves, which makes
it possible to dynamically expand the range of avail-
able algorithms. The next step in the development of
transport systems in the cities of the future may be the
development of self-driving vehicles, which will pro-
vide a higher quality of service and lower operating
costs. In recent years, the development of robotic cars
[11], as well as the concepts of their interaction with
regular cars driven by people and pedestrians [43,47],
are actively carried out. In many respects, this be-
came possible due to the development of algorithms
for computer vision [21,42], depth estimation [32,44],
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Fig. 1. The platform architecture diagram
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and three-dimensional object detection using LiDAR
data (3D-object-detection) [49]. With the widespread
use of self-driving vehicles, there will be opportunities
for building automated logistics systems (autonomous
logistics), where artificial intelligence solves not only
the tasks of traffic flow planning but also the direct
transportation of goods or passengers [5].
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XpaHunuiie CbIMUTUPOBAHHbIX TUMOBbIX CUrHANIOB KakK
OCHOBAa pa3paboTKu ObICTPbLIX afIrOPUTMOB™*

W.N. [etikuH, B.B. C103eB, E. B.CMUPHOBA, A.B. I[IPOJIETAPCKUIA

®PepepanbHoe rocynapcTBeHHoe 6loakeTHoe 00pas3oBaTenbHOe yupexaeHue
BbiCLLEro obpasoBaHns «MOCKOBCKMIA FOCYAapPCTBEHHbIA TEXHUYECKUIA YHUBEP-
cuteT nmern H.9. baymana (HaumoHanbHbI UCCNEAOBaTENLCKUA YHUBEPCUTET)>,

r. Mocksa, Poccusa

AHHOoTauua. CtaTbs NOCBSALLEHA CTPYKTYPE XPaHUINLLA MHOTOMEPHbIX TUMOBbLIX CUIHAI0B 1 NPOLECCOB
B pamkax 3agayn umdpoBoi dbunbTpaumm, OCHOBAHHOM Ha ObLICTPbLIX anropuTMax UMuTaumMmM 1 onepa-
TOpe YHMBEpPCaslbHOro afanTUBHOMO MaTPMYHOIO NpPeodbpa3oBaHns. XpaHUINULLE COAEPXMUT akTyasbHble
YPaBHEHUS UMUTaLMKW; CbIMUTUPOBaHHbLIE CUrHasbl B BUAe Tabnuu, 3Ha4yeHUin 1 n3obpaxeHnin; opurm-
HanbHbIM KO, Ha Python, C++ 1 apyrux s3bikax NporpamMMmMpoBaHnS; OOMOSHUTENBHYIO JIMLEH3VIOHHYIO
nHdopMaumio. B ctatbe paccMoTpeHbl pasnmyHbie Noaxoabl K CO34aHMI0 XpaHunuwa. BeibpaHHblii nyTb
3aKkodaeTcs B GOpMMpPoBaHMM Habopa AaHHbIX, ero nybnukaummn Ha pecypce GitHub n noctpoeHun
OHTOJIOrMM Ha AaHHOM Habope. MPUHLMMBLI CTPYKTYPUPOBaHUSA AAaHHLIX M OpraHn3aumm Tako OHTONOrMn
npencTaBneHbl B cTatbe. MNpeacTtasneH rotoBbli onyGanKoBaHHbIM HAbop AaHHbIX.

KnioueBble cnoBa: XpaHuMLLE AAHHbIX, XPaHWINLLE CUrHAJ/I0B, MHOIOMEPHbIE CUrHasbl, UMUTALMS
curHasioB, LUmgpoBsasi o6paboTka curHanos, LIOC, OHTOOrvisl, rapMOHNYECKNE METOAbI.
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BBenenue

3ajaya UMHUTALMU CUTHAJIOB, paccMarpuBaeMas
B paMKax 1udpoBoii 00pabOTKN CHTHAJIOB, CTAHOBUT-
cs1 0COOEHHO aKTyaJbHOM B yCIOBHAX LIU(PPOBOH KO-
HOMUKH. IMUTAIMS TO3BOJIIET HE TOJIBKO IPOBOAUTH
HSKOHOMHUYECKH BBITOJHOE HaTypHOE MOJETUPOBaHUE,
MOChUIas PEAIMCTUYHBIE CUTHAJBI Ha MMPOEKTUPYEMOe
000pyOBaHHE, HO TaKXKe MOJIEIUPOBATh COCTOSHUS
pa3iIMYHBIX CUCTEM B 3aJavyax KaJUOPOBKH CyIe-
CTBYIOIIETO OOOPYIOBaHUS, TPEHUPOBKH MEpCOHAa
U nporHo3uposanus [1, 2]. CymecTByIOT pa3iuyHble
METO/bl MMHTAllUM CHUTHaJOB. PacrpocTpaHeHHbIe
METO/Ibl UMHUTALMU CUTHAJIOB MpPEeJiaraloT BEIOUpATh
MEXIy KayeCTBOM HUMHTALUU U DKOHOMHEH BBIYHC-
JTUTENBHBIX pecypcoB [3]. OqHUM U3 NEepCHEKTUBHBIX
HaNpaBJICHUH UCCIICIOBAaHUN SBISIETCS MCCIEIOBaHNE
TapMOHUYECKUX METOI0B UMHUTALIUU CUTHAJIOB, IIPE/-
CTaBIIIOLINX BO3MOXHOCTh COBMEIICHHUSI KauecTBa
U SKOHOMHOTO pacxofa BBIYHUCIHUTENBHBIX PECYPCOB

* VccnenoBaHue BBITOJIHEHO 3a cyeT rpaHTa Poccuiickoro HaydHOro
¢douma Ne22-11-00049, https://rscf.ru/project/22-11-00049/ («Pa3pa-
60TKa KOPPEISILHOHHON TEOPHH MOJETHPOBAHHS MHOTOMEPHBIX CHUI-
HAJIOB ¥ MPOLIECCOB B THOPHAHBIX CHCTEMaX HCKYCCTBEHHOTO MHTEI-
JIEKTa PeabHOTO BPEMEHN»).
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JUIS OTIPEJIeIEHHBIX TUTIOB CUTHANIOB. ['apMoHHUecKue
METO/Ibl UMHUTALIUK Pa3HOOOpa3Hble, U MOITOMY CTa-
HOBHTCS 1IEJIECO00Pa3HbIM PACCMOTPEHHE PA3IUYHBIX
TapMOHUYECKUX 0a3uCOB M PAa3IMYHBIX TOAXOIOB K
MMUTAIMK B PaMKax TapMOHUYECKON uMuTammu [4].
KomnextuBHast pa3paboTka HOBBIX METOIOB H
WHCTPYMEHTOB LU(PPOBO 0OpabOTKM CHTHAJIOB HY-
JKJaeTcd B OpraHU3allMy XpaHWIHINA PEe3ylIbTaToB:
MaTeMaTHYECKUX BBIKIAIOK, PE3YyJAbTAaTOB HX IJKCIIe-
PUMEHTAJILHON MPOBEPKH W aJTOPUTMOB peallu3aluu
METOJIOB UMHUTAIIUM CUTHAJIOB U MPOLIECCOB, YacTh U3
KOTOPBIX 3alllMIIeHa aBTOPCKUMH CBUIETEIILCTBAMH Ha
Iporpammser mig OBM [5 — 8]. Bcenencteue HeoOxo-
JUMOCTH WX aHalM3a Ipemiaraercst paspaborarb xpa-
HWIWIIE CHIMUTHPOBAHHBIX ATAJIOHHBIX CHUTHAIOB W
COIYTCTBYIOIIUX MaTepPHUaIOB: TEOPETUUECKUX BBIKIIA-
JIOK, KOJIOB aJITOPUTMOB, JIMIICH3MOHHBIX JJOKYMEHTOB.
Pa3zpaboTka cOBpeMEHHOT0 XpaHWIHIIA OMHUpa-
€TCsl Ha COBEPIICHCTBOBAHHUE AJITOPUTMOB, CTPYKTYP
JAHHBIX U MX B3auUMOJEHCTBUS. TEHIEHUUHU BpOJE
KOII-OCO3HAHHOCTH M JHEPreTHMYeCKOH OCO3HAHHO-
CTH, TIapajuieNIbHbie U 00Ja4HbIe BBIYMCICHUS OTpa-
KarT TpeOOBaHUSA, TPEABABISIEMBIE COBPEMEHHBIM
TEXHOJIOTHSIM, 1 MOTHUBUPYIOT TOUCK CIIOCOOOB CO-
BEPIIEHCTBOBaHMUA 0a30BOTO KaHOHA aJTOPUTMOB
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U CTPYKTYp HaHHBIX obuiero HasHadeHus [9]. Oco-
OCHHO Ba)KHA OpraHu3alys YCTOHYHMBOIO Pa3BUTHS
B (yHIaMEHTAIBHOW IS COBPEMEHHOTO OOINECTBA
cetu MHTrepHeT, paboTa KOTOpoil TpeboBarenbHa K
BBIYMCIIUTENBHBIM U, 3HAYUT, K SHEPreTUYECKUM pPe-
cypcam [10]. Xots cTaHmapTHBIE aNTOPUTMBI U MPO-
CTBblE€ CTPYKTYpHI JaHHBIX MOJE3HBI MPU pa3padOoTKe
HOBBIX CHCTEM M COCTaBIISIOT OCHOBY JIsi OyAyIIero
pa3BUTHS, CYLIECTBYET MOTPEOHOCTh B HOBBIX YMHBIX
crocobax opraHu3aliy B3aUMOAEUCTBUS JAaHHBIX U
AJITOPUTMOB.

[Ipoext #22-11-00049 npu nonpnepxke Poc-
cuiickoro Hayunoro ®onpa, BKIHOUarOIUN Cpas-
HUTENBHBIA aHaIU3 Pa3TUYHBIX METONOB MMHTALUU
CUTHAJIOB, TpeOyeT opraHu3ally B3aUMHOTO JOCTyIa
HCCIeZoBaTeNiel K pe3ynbTaraM MCCIeIOBaHUA ITHX
MeToioB. Pa3pabarbiBaeMoe XpaHWIHUILE MPHU3BAHO
MO3BOJIUTh MCCIIEAOBATENSIM, padOTalOIKUM HaJll pas-
HBIMH METOJaMHM, MPOBEPTH ce0s U KOJUIET MyTeM
0oTpabOTKM METOAOB Ha OIWHAKOBBIX JKCIIEPUMEH-
TaJbHBIX HACTPOMKAX W CPaBHEHUS MOJIYYECHHBIX pe-
3yabTaToB. Takoke Mpearnonaraercs JOCTYN TPEThbHX
JIUI] K pe3ybTaTaM Hay4YHOU AesITeIbHOCTH KOMaHIbI.

1. Bo3Mo:KHBIE€ TOAX0ABI

Cy1ecTByeT MHOKECTBO Pa3IMYHBIX TIOAXO0B K
OpraHu3allui OTKPBITOrO AOCTYIA K HAYYHBIM PE3yJib-
tatam [11 — 20]. Mcnionb3yemble B HUX aJrOPUTMBI U
CTPYKTYPbI JAHHBIX COOTBETCTBYIOT 6a30BOMY KaHOHY
QITOPUTMOB U CTPYKTYP AaHHBIX 0OIIEro Ha3HAYEHUS,
470 3(h(HEeKTUBHO AJIs1 peCypCcOB MaJIOTo MacuTada, HO
MOXET MPEeACTaBIATh MpolieMy B HMX JalbHEHIIeM
paszButun. OnHAKO TaKOW MPOCTOM MOAXOA CO3JaeT
0a3y Ans JajJbHENUIero CoOBEpIIEHCTBOBAHUS. AHAIN3
CYUIECTBYIOIIMX PEIICHUI T03BOJIMI CUCTEMAaTU3UPO-
BaTh MX 0 METOMy JOCTyIa K JAaHHBIM U BBLIEIHUTH
CJIEAYIOUINE BUIBI XPAHMIIHIL;

— XpaHWIHIIE KaK OTAEIbHOE MPOrpaMMHOE MPHIIO-
JKEHHS;

— XpaHWJIMLIE KaK UHTEpAKTUBHOE VHTEpHET-IpH-
JIO)KEHHUE;

— XpaHWIHUIIE KaK OmyOIMKOBaHHBIN B ceTH MHTEp-
HET Ha0Op JTaHHBIX.

Bce Tpu Buaa HyXIAlOTCS B PacCMOTPEHHH
MO-OTJENIHOCTH, B BBIJEJICHUH MMO3UTUBHBIX U Hera-
TUBHBIX YE€PT C LIEJIbIO TaTbHENIIET0 CPAaBHUTEIBHOTO
aHanu3a.

OtxenbHble MPUIIOKEHUS MO3BOJISIOT MOMy4arhb
WMUTALMOHHBIE PE3YNbTaThl JHUIAM, HUMEIOLIUM J0-
CTYH K 3TUM IpuiiokeHus M. [Ipu 3ToM Jronu Hepeako
HE JIOBEPSAIOT MPHJIOKEHUSIM HEU3BECTHBIX pazpaboT-
YUKOB U HE TOTOBBI 3allyCKaTh TaKue MPUJIOKEHUS Ha
cBoeM obOopynoBaHuH. Takasi mpoOiieMa HEe BO3HHKA-
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eT NpH oOMeHe MPUIOKEHUEM B KOMaHJE pa3paboT-
YHMKOB-KOJIJIET, HO MOXET MEIIaTh PacIpOCTPAHCHUIO
Hay4HBIX Pe3yJIbTaTOB 3a MpeeiaMu KOMaH bl pa3pa-
60TunkoB. IlpunoxeHuss He MPENOCTABIAIOT OTKPHI-
TOTO JIOCTYIA K UCXOAHOMY KOAY METO0B UMUTALIUH.
HecMoTps Ha TO, 4TO pa3In4HbIe HHCTPYMEHTHI MOTYT
UCTIOJNIb30BAThCS IS U3BJICUEHHS 3TOTO KOAa, MOJ00-
HBIE PUCKH MaJbl, KOIJIa peub HJET 00 y3KOCTeuaib-
HOM IIPOrpaMMHOM 00€CHEUCHUH.

Pa3paboTka NpUIOKEHUs ABISETCS OTACIbHOM
npobiemoii. HccienoBanue METO0OB HMUTAIUU
CUTHAJIOB B Pa3IHYHBbIX 0a3ucax CONPOBOXKAACT-
Csl CO3MaHMEM MX IMpOrpaMMHOI peanusanuu. Tak,
y4aCTHUKAMH KOMAaHJbl ObUIM pa3paboTaHBl IIPo-
IpaMMHBIE CHCTEMbl HMUTAIUU CUTHAJOB B Oa3uce
Dypse, B 0a3uce XapTiu u B Apyrux 6asucax [11,
12]. Pa3paboTka nmpoBoauiIach OTAEIbHBIMHU pa3pa-
60T4YMKaMU O] OTIpeieICHHBIE 3a1a4H, YTO IPUBE-
JI0 K TeTEPOTeHHOCTH PE3yJIbTaTOB: HCIIOIb30BAINCH
pa3HbIC S3bIKU NPOTPAMMHUPOBAHUS, Pa3HbIE TEXHO-
JOTUH, pa3Hble cpeabl paspadoTku. OObeauHeHue
TaKUX Pa3pPO3HEHHBIX MPOAYKTOB B €IUHYIO CHCTE-
My MMMTALUU ABISETCA BAXKHOM 3amadeil u morpe-
OyeT aHanM3a MMEIOLIUXCS PE3yJIbTaToB, MEpeBoaa
9acTH NMPOTPAMMHOTO KOJa Ha JPYTrHe SI3bIKU IIPO-
IPaMMHPOBAHUSI, MPOECKTHUPOBAHUS OOHOBICHHOTO
uHTep(deiica U CTPYKTYyPhI CHCTEMBI.

Pa3menienue BeO-nprioxkeHus B cetu MHTepHET
MO3BOJISIET 00ECIEUUTh JOCTYI K pe3yabTaraM Hayd-
HOM NeATeNbHOCTH TpeThuM JunaMm. Cpeau MoJoxKu-
TEJIFHBIX YePT MOXKHO 0003HAYUTH MOIJICPKKY MHTE-
PAKTUBHOCTH MPUIOKEHUS, TOCTYI U3 JIFOO0H TOUKU
MUpa U ¢ JTH000T0 YCTPOCTBA, OTCYTCTBHE HEOOXOIH-
MOCTH HAaCTPOHKU CHCTEMBI Ha 000pPYIOBaHUH IOJb-
3oBareinsi. IHTepakTUBHOCTh HAaXOAUT MIPUMEHEHHE B
HCCIICJIOBAaHUHU CIICKTPOB aTOMOB Pa3IUYHBIX BEIIECTB
U CIICKTPOB KOCMHUYECKHX TN B peCypce YHUBEPCUTE-
Ta Bammnarrona u pecypce NIST [13, 14]. OcobenubIit
MHTEpPEC NMPEAO0CTABISET BHEAPEHUE TeTpaiet Jupyter
Notebook B BeG-caliThI ¢ BOSMOXKHOCTBIO KaK UX 3aIly-
CKa C TIOCTIeyIOIIel HHTEPaKTUBHOW pabOoTOH, Tak U
IIPOCMOTpa UX IporpaMMHOro koxa [15].

OpraHuzanys BeO-NPUIOKEHUH, TeM HE Me-
Hee, TaKXKe MMEeT HeraTuBHBIC 4epThl. Paspaborka
BEO-TIPIIIOKEHUH OTIIMYACTCS OT pa3paboOTKH OOBIU-
HBIX MPUIOKCHUH U TpeOyeT OT KOMaHABI pa3padboT-
YUKOB HWHBIX KomrereHui. [Ipumensitorcs apyrue
SI3BIKU, CUCTEMBI U TIApaJUrMbl pa3pabOTKH, HEOOX0-
VMO BBIOpaTh MEXKAY MONICPKKON HMPHIIOKEHUS Ha
CTOpOHE KJIMEHTAa WM Ha cepBepe, 4To IMmoTpedyer
HACTPOMKHM M IOIJEPKKH Takoro cepsepa. lllupora
JOCTyIa MOAPa3yMEBaCT CaMOIOKYMEHTHPOBAaHHOCTh
BEO-TIPIIIOXKEHISI M €TO IpeAcKazyeMoe IOBEACHHE,
00paboTKa BO3MOXHBIX OIIMOOK BBOZA M HH(pOpMa-
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UHdopmaumnoHHbIe TexHonorum

N.N. OewnknH, B.B. Cioses, E. B.CmupHoBa, A.B. Mponetapckuin

LMOHHAs 0e30MacHOCTh pecypcea. 3a cdeT 3alepiKKH,
CYLIECTBYIOILEH ITpH Niepeiaue NaHHbIX B ceTd HTep-
HET, CTPaJlaeT CKOPOCTh PAOOTHI MPUIIOKEHUSI.
IIpocreiiiuM cnocoboM pacrpocTpaHeHus pe-
3yJIBTaTOB UMHUTAIMH CUTHAJIOB MOXKET CHUATATHCS Op-
raHu3alys MMyOIUYHO TOCTYIHBIX HAO0OpPOB JaHHBIX
WM Xe 00bIYHasA myOnukanus ¢aitnos B cetu MHTEp-
HeT. B TakoM ciydae 1ocTyIn K HICXOTHOMY KOy BO3MO-
YKEH, TOJILKO €CJId pa3pabOTYHKU CaMU Pa3MeCTAT €ro,
HO U JIOCTYII K pe3yJbTaTaM HeMHTepaKTHUBEH. TOJIbKO
ONyONMKOBaHHBIE JaHHBIE OKAa3bIBAIOTCS JIOCTYIHBI-
MU MOCETUTENSIM Habopa naHHBIX. Bo3HHKaeT 3aiada
OTIpeIeTICHUS BAXKHOCTU TEX WM MHBIX JaHHBIX M HX
cTpykTypusauus. [Ipu 3tom oOMeH Qaiinamu sBuseT-
Csl ONHUM W3 TPaJAMIUOHHBIX NpUMEHeHud cetu MH-
TEPHET, I03TOMY CYLIECTBYET MHOXECTBO Pa3IUYHbIX
MIPOCTBIX CIIOCOOOB pean3aluy 3ToH GYHKLINH.
OtaenbHble pa3pabOTUMKH MYONHMKYIOT CBOH
HaOopel curHanoB Ha pecypce GitHub, xoTopslit
0OBIYHO TpeJHAa3Ha4YeH [JIsi KOHTPOJS Bepcuil pas-
pabaTbiBaeMOro MpOrpaMMHOro obecrneyeHus, HO
TaK)Ke YCIIEIIHO CIPaBISAETCs ¢ 3a/jaueld myOauKauuu
HabopoB naHHBIX. Hampumep, HaOOp KOMMYHHUKa-
LUOHHBIX CUTHAJIOB JJII aBTOMATHYECKOW KIJIacCH-
(ukanuu Monmynsuuu, npeacraBieHHbiii Ha GitHub,
BKJIFOYAET OJIMHHAIATH TUIIOB CUTHAJIOB MOAYJISLIUN
OIHOH HecyIlell ¢ pa3nuuyHbIMH Irymamu [16]. OH
coOpaH U3 CUTHAJIOB C Pa3NUYHBIMU OTHOLICHUSIMHU
CUTHAJI-IIYM Ha OCHOBE pealbHON reorpaduueckoit
cpensl. Habop nanubix comepxut 22 000 BeIOOpOK, U
KakJasi BRIOOpKa COCTOUT U3 CUTHAIa BO BPEMEHHON
obmactu u MeTku. M3HauanpHO MHpopMaIus o Habo-
pe Obuta onyONMKOBaHa B KypHaJe Sensors ¢ OTKPhI-
TeIM JocTtynoM B 2018 1. B cTarbe HcciieqoBarenen
u3 Kutas «ABTomaruueckas knaccuuxanust Moay-
JIALUMW Ha OCHOBE TIIyOOKOTo OOy4deHHs i Oecru-
JIOTHBIX JIeTaTeNIbHBIX anmapaToBy [17].
Crnenyromuii mpumMep — cxarblii Habop paaap-
Heix curHanoB RadarCommDataset, pazmemieHHbIN
Ha Github. B craree “Multi-task Learning Approach
for Automatic Modulation and Wireless Signal
Classification”, B 4aCTHOCTH, TOBOPUTCS, YTO HaOOP

JAHHBIX O OECIPOBOAHBIX CHTHAjlaX BBIMYINEH IS
MyOJIMYHOTO MCHONB30BAHUS B COOTBETCTBHU C JIH-
LIEH3UEeW HEKOMMEpPYECKOro ucroinb3oBanus [18, 19].
OTcyTCTBHE CYIIECTBYIONIIMX MHOI033/IauHbIX pa3zMme-
YEeHHBIX HA0OPOB JIAaHHBIX JUISl MAIIMHHOTO O0yYEHUS
B 00nacTi 6eCpOBOJHOM CBSI3U U SIBIJIOCH OCHOBHOM
HNPUYMHON BBIYCKa 3TOr0 HabOpa TaHHBIX.

ITy6nuxarus Ha pecypce GitHub caumaer ¢ pas-
paboTunkoB 3amady obecrneueHust OecriepeOorHOM
paboThl ¢aitoBoro cepBepa W MPENOCTaBIACT P
JOTIOJTHUTEIBHBIX MperMyIiecTB. OMHUM U3 TIpeuMy-
LIECTB SBJIAETCA KOHTPOIb BEPCHUM, KOTOPBIH I03BO-
JSIET COXPaHATh pPa3IMYHbIC WTEPAIMH pa3paboTKu
Habopa nmaHHbIX. [Ipu 3TOM, KOHeuHo, GitHub, kak
YHHBEPCANBHOE PEIICHHE, OTPAHUYCH C TOUKH 3PCHHUS
THOKOCTH OPTaHM3AIMM XPAaHWJIMIIA — HE MO3BOJISET
peann3oBaTh COOCTBEHHBIE CIIOCOOBI CTPYKTypH3a-
UM ¥ IIOUCKA JaHHbIX. JIpyroil HeraTuBHOM 4epToi
SIBJISICTCSl OrPaHMYCHHBIH HAa0Op IOCTYIHBIX JIMICH-
3ui, KOTOPBEIH TPeOyeT COITacoBaHUs CO CTaHIapTa-
MH, IPUHATBIMH B OTIENIBHBIX cTpaHax — B Poccuii-
ckoit denepanru B 1aHHOM ciiydae. TpaguiliOHHBIM
CrocoOoM MmyOJIMKAlMK JaHHBIX SBISIETCS IMTyOJIMKa-
sl Ha COOCTBEHHOM caiiTe, IIie pa3paboTUNKH UMe-
10T OOJIBIIYIO0 TBOPYECKYIO CBOOOTY MO OpraHU3aIlluu
XpaHeHUs] U TOWCKA JAHHBIX. [IpuMmepoM sBiseTcs
paszen myOiIMKanuK pa3sHOOOpa3HbIX HaOOpOB JaH-
HBIX o0mecTBa 0b6padorku curnanos IEEE, xotopsrit
MIOKA3bIBACT, YTO B OOJBIIMHCTBE CHUTYaIlMHd Takas
THOKOCTh OKa3bIBaeTCS HEBOCTPEOOBAaHHOM, Tak Kak
BCC OTpaHMYMBACTCS MPOCTOM myOnukanueil ¢aiiaoB
C IIpOCTOH IpeBOBUAHON (hailioBoil mepapxuei u 6e3
crielupUUECKUX MHCTPYMEHTOB IOMCKA, IpPHMeEHse-
MBIX, HapuUMep, B 06azax 3Haumi [20].

OnwucaHHbIe paccyKACHU 3anucanbl Tadmure 1
B paMKax CPaBHUTEIHHOTO aHAIN3a PACCMOTPEHHBIX
CrocoO0OB OpraHM3allié JIOCTyIa C IIeJbI0 BhIOOpa
crioco0a, KOTOPBIM CllefyeT MPUMEHHTh B INPOCKTE,
BBITTOJTHSIEMOM aBTOPAMH CTATBH.

B Tabn. 1 paccMOTpeHBI CleayIoNHe XapakTe-
PHUCTHKU: MHTEPAKTHBHOCTb, 3aKPBITOCTh HUCXOHOTO
KOJIa, THOKOCTh, CIO)KHOCTh pa3padOTKH M JOCTYIIA,

Tab6n. 1
CpaBHUTENBHbIN aHannM3 NOAXOA0B K OpraHn3auum gocTyna K pedynbTataMm nMmtaumm
NMopxopn, npumep Mpenmywecrtea HepocTtatkun
MNHTEpaKTUBHOCTb;
OToenbHoe NpunoxeHve o . CnoxHocTb pa3paboTku;
. C . . 3aKkpbITbI KOA;
1D Fourier basis signal simulation system [4] CnoxHocTb gocTyna.
MmbkocTb.
MHTEpPaKTUBHOCTb; CnoxHocTb pa3paboTku;
Be6-npunoxenme 3aKkpbITbI KOA; CeTeBble NPo6neMbI;
UW cosmic spectra [10]; NIST atom spectra P ) P ’
MMbKoCTb; Mopnepxka cepeepa;

[11].

JNerkunii goctyn.

BesonacHoCTb.

Habop AaHHbIX
RadarCommDataset [16]

3aKkpbITbil KOA;
MpocToTa pa3paboTku;
MpocTtoTa gocTtyna.

HeT nHTepakTnMBHOCTY;
Mano rnbkoctu.
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0€30MacHOCTh U, B Ccly4ae BeO-NPHIIOKEHUH, CIIeIH-
¢uka Be6-pa3paboTku. IHTEpaKTUBHOCTH MOApPa3yMe-
BacT B3aMMOJICHCTBHE C MOJIb30BATEIEM, OTKPHITOCTh
MOJIL30BATEILCKOMY BBOMY. I MOKOCTh MOapasyMeBaeT
BO3MOXHOCTh TOYHOTO TT0I00pa Pe3yabTaTOB MO/ KOH-
KPETHYIO 3a71a4y.

Peanuzanus MeToga HMHTAIMH CUTHAJIOB B
M000M Ccllydae TMpUBEAET K pa3paboTKe OTAEIbHO-
ro MpuIoKeHusA. Takoe MPHUIIOKEHHE OTBEYAET KpPH-
TEPUSIM HHTEPAKTHUBHOCTH M THOKOCTH, 3al[HINAET
HCXOIHBIA KoJ. B mpoMBINUIEHHBIX chepax MpHUMe-
HEHHUS WMHUTAIMH CHUTHAIIOB BEO-MPUIIOKECHUS Helle-
J1Ieco00pa3Hbl IO MPUYUHE HATHUHS 33JICPKKH B CETH
WHuTteprer. [laxke MpH MTHOPUPOBAHHH 3aJICPKKU B
HCCIIEIOBATENBCKHX 3a/1a9aX CIOKHOCTH IIPH pa3pa-
00TKe BeO-TIPUIOKEHHSI HE OIMpPaBAbIBAIOT MPEUMY-
MIECTB MO CPABHEHUIO C OTAEILHBIM MPHIOKEHUEM.
Pa3paboTka OTAEIBLHOTO MPHIIOKEHUS A0KHA OBITh
HaMedeHa Ha Oy/yliee, OJHAKO COOTBETCTBYIOIIHE
TPYHO3aTparsl MOTYT OBITh YPE3MEPHBIMH HA HC-
ClieIoBaTeaLCKOM 3Tarne. BapuaHT Habopa JaHHBIX
MO3BOJISICT OOMEHHUBATHCS PE3yabTaTaMH WMUTAIUU
Pa3HBIMH METOJAaMH, dJIEMEHTAMH HCXOIHOTO KOja,
cpaBHUBATh 3Q(HEKTUBHOCTH PA3HBIX MTOIXOI0B.

B pesynbTare CpaBHUTENBHOTO aHAIN3a OBLIO
MPHUHATO PELICHUE MyOIMKOBATh NAHHBIC HAYYHBIX
SKCIIEPUMEHTOB B BHJ¢ Ha0Opa JaHHBIX HA pecypce
GitHub. ITogroroska takoro Habopa mpeanojgaraet
CTPYKTYPUPOBAaHUE HMMEIOUIMXCS JaHHBIX, YTO TaK-
e HeoOXoauMo U TpH pa3paboTke 00beIUHAIOMIETO
MPUJIOKEHHUS B €ro OTHeIbHOM Hiu VHTepHeT mpe-
CTaBIECHUH.

2. CTpyKTYypa JaHHBIX

Kak ykazaHo Bblllle, PU MOCTPOCHHH HaOOpa
JIAHHBIX BAXXKHBIM CTAaHOBUTCS CTPyKTypa Habopa —
JIAHHBIE JTOJIKHBI OBITh OPTaHU30BAHKI B JIPEBOBUTHYIO
nepapxuio. Vcrnonb3yroTcs JaHHBIE, HEOOXOAMMBIE
JUTSI OITCAHUS TIPOIIecca TaApMOHUYECKON UMUTAIINH U
TOJIy4aeMbIe B PE3YJIBTATe €r0 BHITIOTHCHHUSI:

— ¢opmynbl, 3anatone (QYHKIUIO CIEKTPaIbHOU
motHocTH 3Heprun (OCIID);

— HMCXOJHbBIE TAPaMETPHI: MapaMeTPhl TUCKPETU3AINH
N1, N2; nepuonst curaana T1, T2; rpanuunbie ya-
CTOTHI ®1, ®2;

— TpaduKu U TaONHIIBI 3HAYESHUH ITOTYICHHBIX CUTHA-
noB, ®CIID, TeopeTHUECKOH, ANTOPUTMUYECKOH U
AKCIIEPUMEHTAIEHON aBTOKOPPEISIITMOHHBIX XapaK-
TEPUCTHK.

[lenp myOnukanuu AaHHBIX — CpPaBHEHHE pe-
3yJIbTaTOB MMHUTALUKU HA OAMHAKOBBIX M CXOIHBIX
nmapaMeTpax UCCieloBaTeIsIMU, 0030p pe3ylbTaToB
WMUTAIMU TPETHUMU JUIAMU, TTOJATOTOBKA OCHOBBI

Tpyabl NCA PAH. Tom 73. 1/2023

JUIsl JaNnbHEHIIEeTo MOCTPOSHUS OHTOJIOTUU Ha HAabo-
pe NaHHBIX.

CTpyKTypHpOBaHHE JAAHHBIX IPOBOJUTCSA II0
SKCIIEPUMEHTaM - MalKa HKCIIEPUMEHTA ¢ KOHKPETHBI-
MU Ha4daJIbHbIMU 3HAUCHUSMHU COEPKUT COOTBETCTBY-
onye AaHHble. [lapaMeTpsl SKCIIEpUMEHTa pEIIEHO
BBIHECTH B UMEHA MAMOK IS YIPOICHUS] HABUTALIUH.
@DparMeHT NOIy4YeHHON HepapXUK oKa3aH Ha puc. 1.

[ Simulated Signals Dataset

o=y . . .
[ 2D Fourier simulation

(2) Experiment 1
[1_: Experiment 2

i Hartley-Paley simulation

@ Experiment |

(2 Experiment 2

@ Experiment |

® Experiment 2

Puc. 1. CtpykTypa Habopa AaHHbIX CbIMUTUPOBAHHbIX
CUrHanoB

OrnicanHas Ha puc. | CTpykTypa JocTraroyHa
JUTs OPMHUPOBAHUS ¥ MyOJIMKAIMKA HAOOpa JaHHBIX U
OTBEYAET MOCTABICHHON NN MyOJUKAIUU JTaHHBIX.
B 1mensx roMoreHW3anMM JaHHBIX PE3YJIbTAaThl JKC-
MEPUMEHTOB PEIICHO TPEACTaBUTh B BUJAE TAOIHII,
CoJIepIKaluX 3HaYeHHsI, (PopMara «.CSV» U PUCYHKOB
paznuuHbX (popmaroB. [Ipu myOaMKanuu pPUCYHKOB
TPUOPUTET MPENOCTABISAETCS BEKTOPHBIM PHUCYHKaM
(dopMara «.svg», 9TO MOTHBHPOBAHO IEPCHEKTUBOMN
TPUMEHEHUS] PUCYHKOB B HAYYHOU JIEITEITLHOCTH U HX
MyOTUKAIUH, TAaK KaK BEKTOPHBIE PUCYHKH BHIMTPHIBA-
FOT 110 Ka4eCTBY. PUCYHKH M TaOJIUIIBI pacIioyiararoTcst
B TaIKax, OMUCHIBAIOIINX IKCIIEPUMEHTHI. McxoaHble
rmapameTphl Ka)JI0ro 3KCIIEPUMEHTa YKa3bIBAIOTCS B
HMMEHAX COOTBETCTBYIOIIUX IAIOK C IIEJIbI0 OpraHu3a-
UM aBTOMATU3MpOBaHHOTO moucka. [Tapamerpsl ®l,
®2 MOTYT OBITh 3alTUCaHbI KaKk W1, W2 JUI yIpOILeHUs
JanbHEHUIIEH aBTOMATHU3alMK, TaK KaK AHITIUHCKUKN
andaBUT AOCTYNHEE B cpenax MpOrpaMMHPOBAHUS.
[Tanku 3KCTIEpPUMEHTOB B CBOIO OY€pENlb OPTaHU3YIOT-
Cs B pas/elibl, MOCBANIEHHBIC KOHKPETHBIM METOIaM
MMUTAIUH.

Jl71st opraHu3auu OHTOJIOT MK Ha HA00PE TAHHBIX
MPEJIOKEHHON CTPYKTYpBI Tpeuiaraercs A00aBUTh
CYLIHOCTh «3aJla4ay, OIHMCHIBAIOILYI0 KOHKPETHYIO 3a-
nady peanbHoro Mupa [21]. OTHolIeHHe MeX Iy CyI-
HOCTSMHU «METOJ», «IKCIIEPUMEHT» U «3ajada» MoKa-
3aHO Ha puC. 2.
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Puc. 2. B3aMOOTHOLLIEHNE CYLLLHOCTENM B OHTONOrNU

CyIIHOCTh «3aJjayay CBsi3aHa C JKCIEPUMEH-
TaMH, TaK KaK 3KCHEPUMEHTHl IPUHUMAIOT Ha BXOJ
MapaMeTpbl, COOTBETCTBYIOIINE KOHKPETHBIM 3aJa-
yaM peajapHOro mupa. Takke CyIIHOCTh «3ajada»
CBA3aHa C METOJAMH, TaK KaK KOHKPETHBIE METOJIbI
OKa3bIBalOTCS HamOosee MOJNE3HBIMU MPU PELICHUN
ONpENETIECHHbIX 3a1ad. BkioroueHne CyniHOCTH «3a-
J1a4ay» BBIBOJUT XPAaHUJIUILE 3a Mpeesibl 0OBIYHOTO
Ha0bopa JaHHBIX, HO IO3BOJIIET aBTOMAaTHU3UPOBATh
mo00p METOJ0B MMUTALUMHU TOJ KOHKPETHBIE 3a/1a-
Yu. ABTOMAaTU3UPOBaHHBIA MOJOOP COCTOUT M3 Clie-
JTYIOUIUX 3TaloB:

— COIIOCTAaBJIEHHE 3KCIEPUMEHTOB U METOJOB IIyTEM
CpaBHEHUS 3HAYCHUI aBTOKOPPEISILIMOHHBIX (YHK-
LUH, ONPEAEISAIOIEr0 TOYHOCTh 3SKCIIEPUMEHTA
MMHUTALUY CUTHAJIA;

— COIIOCTAaBJIEHHUE SKCIIEPUMEHTOB U 337a4 IIyTEM BBI-
YHUCJIEHUS BEPOSTHOCTEM 3HAYEHUI BXOJIHBIX Iapa-
METPOB UMHTALINHU JUIsI KOKJOM 3a/1a4H;

— (opMupoBaHue IpaBuiIa BEIBOJA WK aCCOLUAINH,
CBSA3BIBAIOIIEH 337jayy M METOJl, OCHOBBIBAsACh Ha
MPENBIAYIINX CPaBHEHUSX, B LEIAX TOAJIEPKKH

pelIeHns 10 PUMEHSHHUIO OTAEIBHOTO METO/IA JUTs
pelIeHns: KOHKPETHOM 3a/1a4H.

O0OpaboTka OONMBIIMX OOBEMOB JAHHBIX MOXKET
NPUBOANTE K HEOOXOAMMOCTH NPUMEHEHHS METOIOB
pabotsl ¢ OomblmvMHu gaHHBIMH. IlepBele 1Ba miara
HampapjIeHbl HA CO3/IaHUE SKCHEPTHOW MOJCHCTEMBI.
dopmupoBaHHe TpPaBUI BBIBOJIA, XapaKTEPHBIX IS
OHTOJIOTHH, JJOJDKHO YYMTHIBaTh BO3MOXKHBIE HEOIpe-
JIETICHHOCTH BXO/IHBIX JTAHHBIX B CIy4asX HOBBIX 33/1a4
WM paHee He IPOBOMMBIX SKCIIEPHMEHTOB. 3aKOHYEH-
HOE XpaHWIHIIE AODKHO MPECTaBIATh co00it rubpua-
HYI0 HHTEJICKTYaJbHYI0 CHCTEMY, OCHOBaHHYIO Ha
OHTOJIOT'HUH, 06’[)6I[PIH$H'0HLCI>1 OKCTICPTHBIC MOACUCTEMBI.

3. Pe3yabTarhl

®opMHUpOBaHUE PENO3UTOPHUS IO Ha3zBaHHEM
Simulated-Signals-Dataset mpousBezieHO Ha pecypce
GitHub [22]. HToroBeiii BUA BEpXHEro Karajora pe-
MO3UTOPHUA NOKA3aH Ha puc. 3.

Peno3utopuii comepX UT paslenbl, COOTBET-
CTBYIOILIME TPEM METOJaM MMHTaluuu curaaios. Co-
3/laHa OTJENbHAs MankKa JIJs XpaHEeHUS UMEIOLIUXCS
B HAy4YHOH KOMaHJIe CBHJIETEIbCTB TOCYIapCTBEH-
HOIl perucTpanuu pa3pabOTaHHBIX MPOrPAMMHBIX
npoAykroB. Takke uMeercs pasjesl, MOCBALICHHBIN
OTJENbHBIM (PparMeHTaM MaTeMaTH4YeCKOW COCTaB-
Jsoled Merona uMutanui. Ha gaHHBIT MOMEHT B
peno3uTOpuu Hauboyee IMONHO MPEACTaBICHBI pe-
3yJbTaThl SKCIIEPUMEHTOB 110 UMUTALIUN JIByMEPHBIX
CUTHaJIOB B 0aszuce Oypre, pacroioKeHHbIE B pas/e-
ne “2D Fourier”. Conepxumoe paszzesna noka3aHo Ha
pucynke 4. Ha3BaHue Kak[I0#l Manku SKCIEPUMEH-
Ta CONEPKUT 3HAYEHUS BCEX BXOIHBIX MapamMeTpoB,
OIMHCHIBAIOLIUX ITOT HKCIIEPUMEHT.

© vandeyk / Simulated-Signals-Dataset  pussc Qe || Quwes 1 - || Yrako v [ foaro -
€ Code () swes I Pulveqguests (B Actions peojects [ wiki @ Secuity b insights @1 Settings
P omain -~ | P ibanch C0tags Ga to file Add file About ]

m wandeyk Rename Code s 1o Codecpp

Storage for simulated signals (BMSTU)
TRIBELF O '\13'!. 18, 2022 E:I]'I COITTERS

00 Resdme
Smantaaga | W Ostars
© Twalching
% maonthe aga .
Y Oferis
9 manths o
% months aga
Releases
% monthe aga
Mo rebrati, pobinted
g |:";:|l_'|:!'_h',dq:| il § mew teleiie

Puc. 3. Habop cbiMUTMpOBaHHbIX curHanoB Ha GitHub

B 10 Harthey-Paley/5=1 {=500H dup=.. Rensne Coddetat 10 Codemat
B 10 VKF-Hartley-Paley Renzame Code tat 10 Codecpp
B D Fouser Renane Code.tal 1o Codepy
B Licences Add files wia uplead
B Mathematics Add files via upload
[j README Update README md
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B vandeyk f Simulated-Signals-Dataset | fubic

£ Code E} Booet D1 Pull reguests EI ALiord E Projects [0 wilh (D Secunty

P main = Simulated-Signals-Dataset / 20 Fourier /

i';'i vandeyk Fename Codett 1o Code.py

B S=iwlsw2+ 11 MIz9 N2=8 T1=1 T2=1 wiz9wi=3 A files an ppiasd

B S=1HI=9N2a5TT=1 T2=1 wi=9 wl=5 det A files via upioad
BB 5=8036 (4% 100 W= 2ewd* INA 1 M= 10 M2=10 T1.. Add files vid uplood

[ Codepy Rerame Code b to Codepy

L D lwatch 1 = o oFerk 0 - o s 0 -

B Insighss 83 Settings

Go to file Add file =

Fefitad oo May 18 2002 1) History

8 manthe 350

§ manths ago

2 mantte 350

5 months ago

Puc. 4. OkcnepuyMeHTbl No nMmuTaummn B geymepHom 6asuce dypbe B HaGope AaHHbIX

B pasnenax, MOCBAILIEHHBIX OTHAEIBHBIM METO-
JaM, XpaHsTcsS KpOME SKCIEPUMEHTOB (parMeHTHI
MPOrPaMMHOT0 KOJia, PEaJIM3yIOIIero 3TH METO[bI.
[Inanupyercst paciIMpeHHe HMEIOIIeToCs pasiesa
peno3uTopus, a Takxke A0OaBICHHE OPYTUX METOIOB
MMUTAIMU U UX PE3yJbTaToB.

3aKjIIoueHne

B pamkax mpoekTa ¢ moMouIbp0 pa3paboTaHHOTO
[1O ObIM NOTyYEHBI PE3YBTAaThl UMUTALIUHM CUTHAJIOB,
c(hopMUpOBaHHBIE HA0OPHI CHTHAJIOB OBLTH OITyOITH-
koBaHbl Ha GitHub [22]. B pesysnbrare paboThl Hay4-
Hasi KOMaHJia U TPEThHU JIMIA MOTYT MOJIYYHUTh TOCTYII
K Hay4yHbIM pe3yabraram. CTaThsi ONHCHIBAaET MPOLIECC
BbIOOpa MOAXONa K OpraHu3alldy JIOCTYIa, MPOLecc
MOCTPOEHHS CTPYKTYPbI XpaHHUJIHIIA U caM Ha0op JaH-
HbIX. [IpHUBeaeHB MIPUHIIMITBI IOCTPOEHHUS OHTOJIOTHU
Ha OCHOBE CO3IaHHOro Habopa AaHHBIX. B Oymyriem
IUTaHUPYETCA PAaCIIUPUTD U YCOBEPLIECHCTBOBATH HA00P
JAHHBIX, JOMIOJTHUTH €0 HOBBIMH PE3yJIbTaTaMH, pazpa-
00TaTh OTJENbHOE MPUIOKEHHE IS pabOThI ¢ pa3Iuy-
HBIMH METOJJAMU TApMOHUYECKOI UIMUTALIMU CUTHAJIOB.
Byznet npoBoauThcs pa3paboTKa OHTOJIOTHH Ha OCHOBE
CYLIECTBYIOILIEro Habopa JaHHbIX.
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NHTE/NICeKTYAJIbHBIN AHAJIN3
TAHHBIX

AutoML: nccneposaHue cyLeCcTBYIOLUX MPOrpaMmMHbIX
peanusauui n onpeaeneHue oowen BHyTPpeHHen
CTPYKTYpPbl peLueHun

H.A. TlonioBa I''. PEBYHKOB, }O.E. T'ATIAHIOK

®depepanbHoe rocyaapcTBeHHoe OloaxeTHoe obpas3oBaTenbHOE y4dpexaeHue
BbiCLLEro obpasoBaHns «MOCKOBCKMIA FOCYAapCTBEHHBIA TEXHUYECKWUIA YHUBEP-
cuteT nmenn H.9. BaymaHa (HauMoHanbHbI MCCNeaoBaTeNbCKUIA YHUBEPCUTET)>,

r. Mocksa, Poccus

AHHOTaums. B ctatbe paccmaTpuBalOTCA PasnyHble MPOrpaMMHbIE peann3aumy aBTomMaTuU3aumm
npoLiecca MalMHHOro 00y4eHUs AN PELLEHNS 334241 Perpeccum. PaccMoTpeHO BHYTPEHHEE YCTPONCTBO
1 BOSMOXHOCTU psifia CYLLECTBYIOLMX U OOLLUMPHO MCMOJIb3YEMbIX UHCTPYMEHTOB aBTOMATU3MPOBAHHOIO
MalUWHHOrO 00y4eHust Takux, kak LightAutoML (LAMA), TPOT, Auto-Sklearn, H20 AutoML, MLJAR.
BO3MOXHOCTM [aHHbIX NMPOrpamMMHbIX CUCTEM ObliM UCCNELOBaHbI OJ1 PELUEHUs 3afadn Perpeccum
Ha HecKonbkMX Habopax AaHHbIX. B peaynbTate umccnenoBaHus Oblia BbiBeoeHa 0OLWas CTpykTypa
NPOrpaMMHOro PeLLEHNs aBTOMATU3MPOBAHHOIO MaLUMHHOIO 00y4eHus, KoTopasi MOXET ObITb B3siTa 3a
OCHOBY MpW JasibHENLLEM MPOEKTUPOBaHMM N pa3paboTke COOCTBEHHOMO MPOrpamMMHOro MPOAyKTa, a
TaKke NpoaHanM3MpoBaHa TOYHOCTb, C KOTOPOW CUCTEMbI MPEACKA3bIBANN 3HAYEHMS LLeNIEBOro Npu3Haka.
KnioueBble cnoBa: asBToMaTtn3vpoBaHHOE MallumHHoe obydeHve, LAMA, TPOT, Auto-Sklearn, H20

AutoML, MLJAR, perpeccusi.
DOI: 10.14357/20790279230106

BBenenue

AutoML siBnsieTcsi COBpeMEHHOM TEeHJIEHIIuEH B
chepe MamMHHOTO OO0yueHHusA. JlaHHOE HampaBJIeHHE
AKTUBHO HCCIIEAYETCS HAyYHBIM COOOIIECTBOM, YTO
TIOITBEPIKIACTCS CYIECTBOBAHUEM H Pa3pabOTKOH
Pa3IUYHBIX MPOTPAMMHBIX CUCTEM aBTOMAaTU3UPOBAH-
HOTO MalIMHHOTO O0y4EHUS.

CrnenuanucTsl B 001aCTH MAIIMHHOTO O0YYCHHSI
PETYJISIPHO CTAJIKUBAIOTCS C 3ajadeil BEIOOpa MOJX0-
JUIIIIETO aJIrOpUTMa C ONTUMAIbHBIMU THUIIEpIapamMe-
TpaMu JJIs ONMCaHUs UCCIIENYEMOTO Habopa TaHHBIX.
J1s 3TOro oHM OOBIYHO BEIIOJHSIOT M OLICHHBAIOT

Tpyabl NCA PAH. Tom 73. 1/2023

MHOXECTBO KOH(PHUTypaIuii METooM po0 1 OMIHOO0K.
OpHako A7 HAYMHAIOUIMX aHAJUTUKOB JAHHBIX 3TO
TpyaoemMkas 3anada. [locneqHue noctuxeHus B obna-
ctu uccienoBannii AutoML pemator 3Ty mpoodiemy
MyTeM aBTOMAaTUYECKOTO TOWCKA MOIXOSIIEro ai-
rOpUTMa C COOTBETCTBYIOUIMMHU THUIEPIIapaMeTpPaMU.
OCHOBHOI 3ajayeil aBTOMAaTU3UPOBAHHOTO MAIlIKH-
Horo oOyuenus (AutoML) siBrsieTcsi aBTOMaTHYeCKUN
MOMCK AQJITOPUTMOB TpPEABAPUTEIBHONH 00pabOTKH
BXOJIHBIX JAHHBIX U 00y4ueHHs BHIOPaHHOI CUCTEMOM
MOJIEJIM ¢ HAWIYHYIIEeH MpOU3BOAUTEIBHOCTHIO 00600-
IeHus Ha 1eseBoi (06pabaTeiBaeMoil) BEIOOPKE.
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WUHTennekTyanbHbli aHanM3 AaHHbIX

M.A. Monoea IN.U. PesyHkos, l0.E. ManaHiok

CospeMenHble cucteMbl AutoML moMoraroT aB-
TOMAaTU3UPOBATh MPAKTUYECKU BECh MPOLIECC MOCTPOE-
Hus Mojeny. Ha gaHHbII MOMEHT TozjIexar aBTOMaTH-
3aIUU CIEAYIOIHUE ATAllbl MOAEINPOBAHMUS: TIOATOTOBKA
JAHHBIX, 0030p IPHU3HAKOB, IIOCTPOCHUE MOIECIU Ma-
HIMHHOTO OOy4eHHS M ONTUMH3AIUA THIepIapame-
TPOB, BaluAalMs MOCTPOEHHOM MOJENH, MOCTPOEHHE
OTYETOB, BHEPEHUE Pa3paOOTaHHON MOJIENH.

ANTOPUTMBI MalIMHHOTO oOy4eHus ansi oOpa-
OOTKM M aHaJIW3a JAHHBIX KOMOWHHUPYIOTCA B KOH-
Beliep, TO €CTh MPUMEHSIOTCS IOCJIEA0BATENBHO K
oOpabarbiBaeMoil BeIOOpKe. Jlanee MpoucXOAUT ONTH-
MU3alMs 3TUX AITOPUTMOB IIyTeM Hoabdopa Mopenei
Y 3HAUEHUH UX runeprnapaMeTpoB, MpUUeM OOJbIIHH-
CTBO MOAXOJ0B BBIMOJIHSIIOT ONTUMU3ALIMIO BCEX Mapa-
METPOB MOZIENH OHOBPEMEHHO.

OJHaKO CTOUT OTMETHTh, YTO CUCTEMbl AaBTOMATH-
3MPOBAHHOTO MAIMHHOTO 00y4YEHHMS! IIUPOKO MPHUMEHH-
MBI TOJIBKO JJIsI PELCHHs 3a[a4 MAIIMHHOTO 00y4YeHMs
C yuHTelNeM, TO eCTh KIIacCU(UKaIMKU U perpeccud [1].

Kaxnas cucrema ominyaercs BHYTpPEHHEH ap-
XUTEKTYpOH, PAOM BO3MOXKHOCTEH, KOTOPbIE MOXET
UCTIONIB30BaTh KOHEUHBIH IMOJb30BaTeslb U HAbOpOM
pemraeMbIx 3aaad. COOTBETCTBEHHO CYILECTBYIOLIHE
pELICHHUS TT0-Pa3HOMY MOTYT CIPaBISAThCSA C ONHOU U
TOH ke 3a7a4yeil MaIIMHHOTO O0yUeHHUS.

Ha cerogmsamnuii nens HampasieHue AutoML
Pa3BUBACTCSI OYEHb OBICTPO, O YEM CBUAETEIBCTBYET
Oonbloe konu4ecTBOo IyOnukanuil. Ilpumepom co-
OTBETCTBYIOIIMX HCCIeNOBaHUM saBysitores [1, 3, 4, 7,
16, 17, 18]. OTu cTaThy HE pacCMaTpPUBAIOT MPOU3BO-
JUTENBHOCTh cucteM AutoML B OTHOLIEHUH pelIeHUs
mpobnembl perpeccud. OHU HE CPaBHUBAIOT OKOHYA-
TeJIbHbIE MOJIEIH, TIOCTPOCHHBIC CHCTEMaMU Ha Habo-
pax JaHHBIX, IPeIHA3HAYEHHBIX IS perpeccun. Heko-
TOpbIe cTaThu [1, 3, 4, 7] oNKUCHIBAIOT OOLIHE MPUHIIMITBI
xoHuenuuu AutoML, HO He y4UTBIBaIOT KOHKPETHBIE
cucrembl AutoML 1100 aBTOpBI O4eHb KPaTKO MPHUBO-
JSIT MH(OPMAIIHIO B CPAaBHUTENBHOI TabIHUIIE O HEKOTO-
prix cuctemax AutoML. B paborax [4, 7] naHbI OueHb
KpaTKHe CBEIEHMsI O HEKOTOphIX cucremax AutoML,
KOTOpBIe Oosee MOAPOOHO PacCMOTPEHBI B HAIlCH cTa-
The (Hanpumep, TPOT, H20 AutoML, Auto-Sklearn).
B Harmem uccnenoBaHUU JaHBI PEKOMEHAAIIMN OTHOCH-
TEJIBHO IIPUMEHEHUsI pacCMOTPEHHbIX cucteM AutoML
IIPU PELIeHUN NpaKTHIecKuX npobineM. Bxian Hameit
pabOoThI 3aKIIFOYaeTCA B TOM, YTO MBI HCCIICIOBAIIN pa-
00Ty coBpeMeHHBIX cucteM AutoML Ha mpumepe 3a-
JIa49d Perpeccyu, ONMMCAIH IOIPOOHO HCIONIB3yeMble
CHCTEMBI, a TAK)KE PACCMOTPENH OTEUECTBEHHOE pellie-
Hue — LightAutoML B cpaBHEHHH C CYIIECTBYIOIIUMU
coBpeMeHHbIMU cucremMamMu AutoML. Mbl cpaBHUIN
TOYHOCTH TPECKa3aH!s MOJIEN JJMHEWHOM perpeccuu
C TIPEACKA3aHUSIMHU MOJENeH, NPEUIOKECHHBIX CIIOXK-
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HbIMU cucteMaMu AutoML. UTo0b!I OLIEHUTH TOYHOCTH
KOHEYHOH Mozenu, Mbl ucnonsdyeM MeTpuku MAE,
RMSE, MedAE u R°.

1. Heab uccienoBanus

B naHHOM crarbe MBI IPOBEIEM CPaBHUTEIb-
HBIA aHaJM3 psja CYLIECTBYIOIIMX MPOTPaMMHBIX CH-
CTeM aBTOMAaTU3UPOBAHHOTO MAIIMHHOIO OOy4YeHUS:
Light AutoML (LAMA), TPOT, Auto-Sklearn, H20
AutoML, MLJAR. Paccmorpum 3¢hdexTuBHOCTB pado-
ThI BBIOPAHHBIX CHUCTEM IIPU PELLICHUH 3aJa4du perpec-
CHH B HECKOJIBKHX MPEIMETHBIX OONACTAX, UCTIONb3Ys
psin metpuk tounoct (RMSE, MAE, MedAE, R?).

2. Onucanue 3aga4u

OcHoBHOW 3amaveit AutoML sBisieTcss aBTO-
MaTH3alysl COCTABIICHUS KOMITO3UIMU MOJeJel Ma-
IIUHHOTO OOYyYeHUS W NajdbHEHIas mapaMmeTpu3anus
MOI00paHHBIX ATOPUTMOB, YTOOBI MAKCUMHU3UPOBAThH
3HA4YE€HUE BHIOPAaHHON METPUKHU TOYHOCTH [4].

B nannoii crathe chokycupyemcst Ha UCTIOIb30-
BaHWU PA3IMYHBIX cucTeM AutoML mus pemienus 3a-
Jlaud MaIIMHHOTO OOYUYEHUS C yUUTENeM — JTMHEHHON
perpeccuu.

B nporecce pa3paboTku MOAEIH MalInHHOTO 00Y-
YEHUS C YUUTENIEM HEOOXOIMMO MPEOCTABUTh HA BXOT
aInropuTMy HabOp HpH3HAKOB y R’ M LieeByro mepe-
MeHHyIo V. To ecTh MojIenh 00y4aeTcst Ha 00pasiax ¢ u3-
BECTHBIM 3HAUCHHEM LIEJIEBON epeMeHHOM  [3].

B crienapusx MammHHOTO 00y4YeHUS! HCIIOJB3Y-
FOTCsI IOJITOTOBJICHHBIE VIS ITOCIIETYIOIIETo aHAIn3a U
00paboTku craTucTHUeckre nanHeie. Habop qaHHBIX
Dc{(x,y)|xe y,yeY} ABISIETCS KOHEYHBIM OTHOIIEHHU-
€M MEX]y MPOCTPAHCTBOM 3K3EMIUIIPOB M TPOCTPaH-
CTBOM METOK, U MBI 0003Ha4aeM Kak /) MHOXXECTBO BCEX
BO3MOXKHBIX Ha0OpOB AaHHBIX. PazpaboTaHHasi Monenn
JIOJDKHA BBIJIABATh TOUHBIE PE3YJBTAThI JIJIs JTFOOBIX HO-
BbIX 00pa3loB JaHHBIX. To ecTh, 00001I1aroIas cnocoo-
HOCTh SIBJISICTCSI BRYKHEWIIIMM CBOWCTBOM aHAIIUTHYE-
CKOIi MOJIeTIH, PHUOOPETaeMBbIM B IPOILecce O0yUEHHS.

3a4acTyro mporecc pa3padoTKu MOJIEITIN MAITUHHO-
ro 0Oy4eHUs TPENICTABISIET COOOH MTEPATUBHBIN ITHKIT
00pabOTKK JaHHBIX, OOyYeHHsT MOJEIH M €€ OICHKH.
Jist Toro, 4TOOBI TOTYYUTh HA BBIXOJE Y/IOBIETBOPH-
TEJILHYI0 TPOU3BOJUTENFHOCTh MOJIETH, HEOOXOIUMO
JIETaJIbHO DKCIICPUMEHTHUPOBATh C Pa3IMYHBIMH KOM-
OMHAIMSMU METOJOB 0OPa0OTKH JIaHHBIX, AJITOPUTMOB
MOJICIT U TUreprapaMeTpoB. JlaHHBIN mporece A0cTa-
TOYHO 3aTpareH M0 BpeMEHU U TpeOyeT OT UCTIONHUTEIS
XOPOIINX 3HAHUM B 001aCTH aHaJK3a JaHHbIX.

Kaxxpiii sTan npuBefeHHOro Ha puc. 1 1ukia
pa3pabOTKKU MOJETU MOXHO aBTOMAaTU3UpOBarh. [Ipu
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MoeTopATb A0 Nog6opa NOAXOAALMX SHAYEHWA

HoBble gaHHble

Puc. 1. O606LeHHbI UMK pa3paboTki MOAenn MallnHHOrO o0byyYeHus

9TOM [IBUKEHHE JAHHBIX MEXIY MOAYJISIMH CHCTEMBI
OyZeT HallOMUHAaTh KOHBEiep, COCTOSIIUI U3 MHOXe-
CTBa MOJYyJel: MOIynst oOpabOTKH JaHHBIX, BhIOOpa
MOJIEJIH, IOCTPOEHHSI OTYETOB, BHEAPEHUS U T.A.

OcHOBHasl 1IeJIb MAIIMHHOTO OOY4YeHHs C y4duTe-
JIeM COCTOMT B TOM, YTOOBI HalTH KOHBEiep, KOTOpbIii
MUHAMM3UPYET OLIMOKY MPOTHO3UPOBAHUS, YCPEIHEH-
HYIO 0 BCEM JK3eMIUIIpaM BBIOOPKH. 3a4acTyro JUist
OLIEHKH TOYHOCTH MOCTPOESHHOM MOJIENTN UCIIONb3YIOTCS
TaKHe METPUKH, KaK KodQhuimenT aerepmuHaruu (R?),
cpenHexBagparnuHas oumbka (RMSE), wmenuanHas
abcomrorHast oumbka (MedAE), cpenmsist abconmroTHas
oumbka (MAE), AUC ROC, F1, log-loss u apyrue [7].

Y KaxaoW CHCTEMBl aBTOMAaTH3UPOBAHHOIO
MAIIMHHOTO OOYyYeHHUS MOUCK M ONTUMH3ALMs ajro-
PUTMOB OCYIIECTBIISETCS MO-Pa3sHOMY, O Y€M CBHUJIE-
TEJNBbCTBYIOT Pa3jIniyMs BO BHYTPEHHEM YCTpPOMCTBE
cucreM. MccienoBaHue BHYTPEHHEH apXUTEKTYpbI
CUCTEM aBTOMATU3UPOBAHHOTO MAIIMHHOTO 00yueHUs
MO3BOJIUT BBISIBUTH OOIIME 3aKOHOMEPHOCTH B UX TO-
CTPOEHHH, OOHAPYKUTh MECTa, KOTOPbIE MOT'YT OBITh
YCHUJIEHBI aJTOPUTMAaMU MALIMHHOTO OOy4eHHUs 6o
ONTUMU3UPOBAHBI Ul oOecredueHus Jydieil mpous-
BOJIUTENBHOCTH PELICHUSI.

3. Kongeiiep AutoML

3amauy AutoML MOXHO CHOpMYyITHpOBaTh Kak
MPOIECC TIOUCKA f, KOTOPBIA Jydle 0000maercs B
JIFO0OM BO3MOXHOM 7 ¢ MUHUMAJIBHBIM BMEIIATEIb-
CTBOM MOJB30BaTelsl. [ 11e f MOXKET OBITh KOMIIO3UITUEH
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HECKOJIBKUX (DYHKIIHH, KOTOpbIe MOTYT MPeoOpa3oBbI-
BaTh BXOJHOE MPOCTPAHCTBO IPU3HAKOB, 00padaThI-
BaTh BXOJHBIE JaHHBIE, CTPOUTHh MOJCH U T. 1. Takyto
KOMIIO3HIIHIO B KOHTEKCTe AutoML Ha3bIBalOT KOHBEH-
€poM, KOTOPBIi MOkHO (hopmanu3oBats (hopmysa 1).

J (%) =0, (T, (x)) (D

B nmanHo# (hopmyne v — MOnmeNh MAITHHHOTO
oOyuenwust, 7 — MEXaHU3M MTPeoOpa3OBaHUS MTPU3HA-
KOB C TUIleprapaMeTpamMu 6, U 6, COOTBETCTBEHHO
[2]. [Tpruem kakaast U3 3TUX MOJIENICH MOXKET OBITh
KOMITO3UIMEN APYTUX MOJENEH.

Kak noka3zano Ha puc. 2 koHBeiiep AutoML co-
CTOHT U3 MHOXECTBA TPOLIECCOB 00padOTKH TaHHBIX:
MpeABapuTeNbHas 00paboTKa BBEIOOPKH, OTOOP MpH-
3HAKOB, T€HEpalLlKs MOJEIH U €€ OLICHKA.

[TepBbIii aTam BKITIO4aET B ce0st «100bIay» nHOp-
MallM{, KOTOpasi TIOMOTAEeT MOBBICUTH MPOU3BOIUTEb-
HOCTh CI€HEpHpPOBAaHHBIX MOJIEJIel, co3JaBasi JOMOI-
HUTEJbHYIO MH(OpManuio i u3ydeHus. Ha Bropom
9Tarne K Habopy JaHHBIX MPUMEHSIOTCS Pa3InYHbIE Me-
TOABI paboThl C MPHU3HAKAMU: YCTPaHEHHE MPOIYCKOB
B JIaHHBIX, KOJMPOBAHNE KATETOPHATBHBIX IPH3HAKOB,
MacIITaOMpOBaHNE M HOPMAJH3alUs MPU3HAKOB, 00-
paboTKa BEIOPOCOB B JaHHBIX. Jlajiee IOATOTOBJICHHBIE
JaHHBIC TMOJAIOTCS HA BXOI MOJYJIEH, KOTOpBIE 3aHUMa-
FOTCS TIOMCKOM Hanbonee 3((GEeKTUBHON apXUTEKTYphl
mozenu. IlocTpoeHne MoAeny MalldHHOTO OOy4YeHHUs
MOYKHO pa3/ieNIuTh Ha MOUCK MPOCTPAHCTBA PELICHUH 1
ONITUMHU3ALUIO THUneprnapamerpoB. [IpocTpancTBo mo-
WCKa ONpeesieT MPUHIMIBI NPOEKTUPOBAHUS MOJe-
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JIel MallIMHHOTO 00y4YeHHs, KOTOPbIe MOYKHO Pa3IeuTh
Ha JIBE Kareropuu: TpaauuuoHHble Mmopenu (Linear
Regression, SVM) u HeipOHHbIE CETH.

MeTonbl ONTUMHU3ALUYU TOAPA3AEISAIOTCA HA TH-
neprnapamerpuueckyo ontumuzauuto (HPO) u om-
TuMHU3aluio apxutekTypbl mMonenu (AO). HPO om-
TUMHU3UPYET TapaMeTphl, CBs3aHHbIE C OOy4YeHHEM
(HampuMep, CKOPOCTh OOyYEHHUS U pa3Mep IMakeTa), a
AO onTUMH3UpYET MMapaMeTphl, CBSI3aHHbIE C MOJe-
JBI0 (HampuMep, KOJIUYECTBO CIOEB I HEHPOHHBIX
ApXUTEKTYpP U KOJHUEeCTBO coceneit i Mmonend KNN)
[5]. 3aBepliaOmuM STanoM SIBISIETCS TECTUPOBAHHE
MIPOU3BOIUTENHFHOCTH M BHIOOD JIyHILIEH MOJENH.

3ayacTylo nepBas 4acTb KOHBelepa He ABIseTcs
MOCJIeIOBaTeIbHOCTBIO Omepauuil oOpabOTKH HaH-
HBIX, OHa UMEET JPEBOBUIHYIO CTPYKTYPY C HECKOIIb-
KUMH TapajulebHBIMH MPEernpoLeccopaMmu, KOTopble
3areM oO0beauHsA0TCA. ONTHUMAaNbHBI KOHBEep MO-

JKET OBITh PeaTn30BaH KaK CTPOTUi NMOPSJIOK, B KOTO-
POM JIOJDKHBI IPUMEHSATHCS Pa3IMYHBIC AJITOPUTMBI
00pabOTKHM JJAaHHBIX, a TAKXKE UCIIOJIB30BATLCS HE 00-
Jiee OJTHOTO MPENPOIeCCopa KaXKI0Tr0O TUIIA.

4. O030p coBpeMeHHbIX cucTeM AutoML

[Iporpecc B obmactu AutoML mipuBen k nosiie-
HUI0O MHO)KECTBA CHCTEM, KOTOpbIE aBTOMATH3HPYIOT
MIPOEKTUPOBaHKUE U pa3pabOTKy MoJesiell MaIIMHHOTO
00yueHUs C yUUTeJIeM Ha Pa3HbIX Tarax.

Paccmotpum psan cucrem AutoML, kotopele uc-
MOJIB3YIOTCA B COBPEMEHHBIX MPOEKTaxX MAIIWHHOTO
o0OyueHwusl.

4.1. LightAutoML

LightAutoML (LAMA) npezncragisier co0oi pe-
LIEHHE C OTKPBITHIM UCXOJHBIM KOIOM, pa3paboTaHHOE
Sber Al Lab. /lanHas crcreMa IMO3BOJISET aBTOMATH3H-

KOHCTpyMpOBaHWe NPU3HaKOB

MoaroroBka AaHHbIX
OTt6op
C6op AaHHbIX NpU3HaKoB
h 4
BoineneHue
> —>{ [MpuaHakm
Ouncrka NpU3HaKoB P
OaHHbIX N
.| CosgaHwve
AyrmeHTaumA NPU3HAKOB
OAHHLIX

I'Ioc‘rpoeuue Mopgenn

OueHka moaenn

Manana
petanusauma

PaHHAA
0OCTaHOBKA

LT;?TF;SE OnTrMu3aumna
KNN) ! rvnepnapameTpoB
[NpocTpaHcTBO MeToggl
novcka ONTUMKU3aLMK
HelpoHHbIe
cetn (CNN, OonTuMKr3auna
RNN) apXUTeKTyphI

CypporaTHan
mofgens

PaszneneHue
BECOB

Puc. 2. O6uwan cxema koHBelepa AutoML cuctemsl
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PpOBaTh MPOLECC TOCTPOSHUS MOJEIH ISl CIETYIOIUX
3ajga4: OMHapHas Kiaccu(uKaims, MHOTOKIACCOBas
KJaccu(UKalus, perpeccus.

Pa3paboTanHblil KOHBeilep JaeT BO3MOXKHOCTb
BBINIOJIHATH CIICAYIOLIME olepanuu: o0padaTbiBaTh
JaHHble ¥ aBTOMATHMYECKH HACTpauWBaTh TUIEpIapa-
METpPbI, CTPOUTH OTYETHI, OIMMUCHIBAIOLIME MPOLECC
pa3paboTKu MOjEH, KOHCTPYHPOBaThb COOCTBEHHBIE
KOHBEUEePHI U3 MPEAO0CTABIIEMbIX CUCTEMON MOYJIEH,
3aIlycKaTh MOJIETIb B PEXKHUME MpeICKa3aHusl.

[Ipemnaraemas cucrema LAMA paGoTaet Tojib-
KO ¢ AByMs Tumamu mojenei - gradient boosted
decision trees (GBMs) u JHHEHHBIMH MOIEISIMU,
YTO 3HAYUTEIBHO COKpAaIlaeT Bpems Oe3 yuiepda ass
MIPOU3BOIUTENFHOCTU Ui pElIaeMbIX THUIIOB 3ajad
u panHbiX. LAMA cocrouT u3 Momynel (Ipeceros),
KOTOpBIe OpUEHTHpOBaHbl Ha end-to-end pazpaboTky
Mofeneu 1 TunuYHbIX 3a1a4 ML. B HacTosimiee Bpe-
Mms LightAutoML nonnepxuBaet clieayrolLue YeTbipe
MpeyCTaHOBJIEHHBIX MOAYJIS:

1. TabularAutoML — ¢oxycupyercs Ha Kiaccude-
ckux 3anadax ML, paboraer ¢ TabaMYHBIMU HA0O-
pamu JaHHBIX;

2. WhiteBox — pemaer 3amauy OMHapHOU KJaccu-
(UKaMu ¢ HCHOJB30BAaHUEM MPOCTHIX HHTEP-
MPETUPYEMBIX aJITOPUTMOB (JOTUCTHYECKAs pe-
rpeccus);

3. NLP — cnocobeH KOMOMHUPOBAaTh KOHBEHEp AJIS
00pabOTKH TaOMUYHBIX JAHHBIX C AJTOPUTMAMH
NLP (cneunaipHble CpEICTBAa W3BIECUEHHS INPH-
3HAKOB WJIM TPEBAPUTEIbHO OOY4YEeHHBIE MOJEIH
[IyOOKOTO 00y4deHus);

4. CV — moayns ans 00paboTKH U300pakeHu .

Ha puc. 3 npexncrasneHn KoHBeWep, KOTOPHIN pe-
anu3oBaH B cucteMe LightAutoML. Obs3aTenbHBIMU
3JIEMEHTaMU KOHBeHepa SIBISIOTCA:

*  CUUTHIBATEIb, KOTOPBII MPHHUMAET Ha BXOX JaH-
HBIC U BBITIOJHSET UX MPEaBapUTENbHYI0 00paboT-
Ky, TaK)Ke Ha BXOJ[ IIOaeTcs 3aa4a, KoTopast Moj-
JIEKHUT PEIICHHUIO C IIOMOIBI0 CUCTEMBI;

* HaOOpHI JaHHBIX, KOTOPBIE COEPKAT METATAHHBIC
U MCIONB3YIOTCS AT BAIUAALUK PE3YIbTaToB; He-
CKOJIBKO KOHBeMepoB ML, KoTopble CK/1a1bIBalOTCS
U / MIIH yCPEqHAIOTCS ¢ moMolisio Blender ms mo-
JTy4eHUs! eANHOTO MIPOTHO3A.

Kongeifepsr ML MOTyT OBITh BBIYHCIICHBI HE3a-
BHCHMO Ha OJTHHX U TeX ke Habopax JaHHBIX, a 3aTeM
00BEIMHEHBI BMECTE C HCIIOIb30BAaHUEM YCPETHEHUS
(WM B3BEIIEHHOTO YCPETHEHUS).

4.2. TPOT

TPOT (Tree-based Pipeline Optimization Tool)
sIBISIETCSL MpoekToM Ha Python ¢ OTKpBITEIM MCXOn-
HbIM KopoM. TPOT aBTOMaru3mpyer KOHBEHephl ma-
HIMHHOTO O0YYEeHHUs ¢ IOMOIIBI0 FEHETHYECKOrO IPo-
rpammupoBanus (GP), xopoiio u3BecTHOro Merona
aBTOMAaTUYECKOTO MOCTPOEHHsI MporpaMM. B paHHOI
cHcTeMe KOHBelep MaIIMHHOTO 00yueHHs OIHOCThIO
ABTOMATU3UPOBAaH U I ONpEeAeTeHUS ONTHUMAaIbHOMN
MOJICTIH IPUMEHSAETCS TEHETUYECKUI allTOPUTM.

OCHOBHOE BHUMAHUE B 3TOM IPOEKTE yAEISIETCS
00y4eHHIO ¢ yuuTeIeM, a UMEHHO 3a/aue KiIacCu(u-
Kalluu C TOIJEPKKON CTa MATHAECATH aJrOpUTMOB
ScikitLearn [4], BkmIo4ass aiarOpUTMbI MpeaBapH-
TenbHON o0Opaborku. Cucrema, kak u Auto-Sklearn

| { v
CLAMLY
==
NAHHbIX ML KoHseitep L ML Konseiiep
1 1
YacTb AaHHbIX|
1
YacTb AaHHbIX ML Koneeitep ML Konseiiep
N I i
YpoeeHb 0 YpoeeHb m
T
CuunTbiBaTEND
3apava BuGop &
Mogenu
JaHHble

MporHo3bl

Puc. 3 Obmas cxema konBeiiepa cucteMsl LAMA.
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NPU3HaKoB
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NPU3HaKOB

KoHCTpyupoBaHue
NPU3HaKoB

Bbibop mogenn

OonTuMmusauna
Mogenv

OueHka
mogenu

Puc. 4. O6uwasn cxema koHseliepa TPOT.

MpeacTaBisieT coboil HaaCTpOKKy Hax OMOIMOTEeKON
Sklearn, omHaKoO HCIONB3YeT COOCTBCHHBIC aJTOPHT-
MBI PErpeccur U KI1acCU(pUKAIHIH.

OTo0paHsb! ABaAATh JTYUIINX KOHBEHEpOB ¢ TOU-
KM 3pEHUS MAaKCUMAaJlbHOW TOYHOCTH IEpeKpecTHON
MPOBEPKH U MUHHMH3ALKU KOJUYECTBA MPOLECCOB,
KOTOpBIE BUAOU3MEHSIOTCA JJIs1 CO3JaHUs KOHBEHEPOB
HOBOT'O NOKOJIEHHs. Kaxaplii U3 KOHBEHEPOB MPOMU3-
BOJIUT ellle MATh C IIOMOUIbIO IEPEKPECTHBIX METOI0B
WJIM CITy4aiHBIX BCTABOK M yCaJ0K. AJITOPUTM BBIIIOJ-
Hsetcs it 100 mokoneHui A1 KaXX10ro U3 OOHOBIIA-
€MBIX PEIICHUN.

Ha puc. 4 npencrasien npumep konseriepa TPOT.

Cucrema coxpaHseT KONHMIO HaOopa JaHHBIX H
pacmnapaiienuBaeT mpouecc oopaboTKu MPU3HAKOB U
CHIDKEHHSI pa3MEPHOCTH JaHHBIX.

Ha nannsiii Mmoment TPOT He moxet pabotarh ¢
€CTECTBEHHBIM S3bIKOM W KaTeropualbHbIMU MPU3HA-
KaMHU.

4.3. Auto-Sklearn

Cucrema Hamucana Ha Python wm wmcmomesyer
QITOPUTMBI U METOIBI U3 MPOrPaMMHON OMOIHOTEKH
Scikit-Learn (15 anroputmoB kiaccudukanmm, 14
METO0B 00pabOTKK NPU3HAKOB, 4 METO/A MpeIBapu-
TeNbHOM 00paborku nanubix) [10]. Auto-Sklearn pe-
anmuzyet anroput™ SMAC 11 HacTpoWKM TUmepIia-
pamerpoB. CucremMa ymeeT reHepHpOBaTh MPU3HAKH,
BBIOMpaTh MOJeNlb, HAcTpauBaTh THIIEPIAPaMETpPHL.
Auto-Sklearn npezcraBisieT 1Ba HOBIIECTBA: UCITOJb-
30BaHKe MeTao0yueHus JUIsl 3aIlycKa MpoLeyphl Oaii-
€COBCKOM ONTHUMHU3ALIMH U ILIaT IOCTPOSHHS aHCaMOJId,
KOTOpBIA HCIOJIb3yeT Oosiee OAHON KOH(UTrypauuu,
HalICHHOM B IPOIIeype ONTHUMHU3ALINY.

48

Auto-Sklearn 3amyckaer nponenypy OaliecoB-
CKOM ONTHMMU3ALIMH, IPEJOCTABIIS HaualbHbIE IK3EM-
ISPl U3 KOH(MUTYpaLUi, KOTOpbIE Al HAUIy4llInie
pe3yibTaThl ISl aHATOTMYHBIX HAOOPOB AaHHBIX [6].

Ha puc. 5 npencrasneH npumep koHeeriepa Auto-
Sklearn. Hactpoiika runeprnapaMeTpoB U MpeaBapu-
TenbHas 00paboTKa JaHHBIX YACTUYHO BBIMOIHSAIOTCS
¢ ToMolbl0 MeTaoOyueHus. Pe3ynsraTsl MeTaoOyue-
HUSl TPEAONpPEAENSIOT MPOCTPAaHCTBO Moucka. KoH-
Beliep AutoML ucmosnb3yeT 3To MPOCTPAHCTBO MOUCKA
WUTEPaTHBHO, HAYMHAs C IPOLIeccopa JaHHBIX, 38 KOTO-
pBIM clleyeT mpernporeccop o0paboTKu MpPU3HAKOB,
3a KOTOPBIM ciieyeT o0yueHue Kiaccupukaropa 1mdo
perpeccopa. Pe3ynbrarbl OlleHHBalOTCS, U THIIEpIIapa-
METpPBbI ONTUMU3UPYIOTCSI C TIOMOIIBIO0 0aileCOBCKOTO
ONTUMU3ATOpa. 3a4acTyro Jy4lline 3HAYEHHS MpPOU3-
BOJIUTENLHOCTH TIOKa3hIBAIOT aHCaMOJIEBbIE MOJICIIH.

4.4. H20 AutoML

H20 sBnsetcs cucremoll MalIMHHOTO 00y4YeHHS
C OTKPBITBIM UCXOTHBIM KOJIOM, C pacIpeaesIeHHOH Ia-
MATBHIO U JIMHEHHOW MacmTabupyemoctbio. Tekyas
Bepcus cucteMbl AutoML mMoxer o0y4ars U BBIIOJ-
HATh KPOCC-BaJMAALUIO JJIs CIlydyaifHOTo Jieca, rpa-
JUEHTHOro OyCTHHra, IITyOOKHUX HEHpPOHHBIX ceTeH, a
3areM o0y4aTh COCTAaBHOW aHCaMOJb, UCIOJB3Ysl BCE
monenu. H20 AutoML aBTomMaru3upyeTt mporecc mo-
CTPOEHHS OOJIBIIOrO KOJIMYECTBA MOAETEH, YUTOOBI BbI-
SIBUTH Hanbomnee 3(h(HEeKTUBHYIO MOJEIb.

Kitouesnie ocobennoct H20 AutoML: cpena ¢
OTKPBITHIM UCXOIHBIM KOIOM, KOTOpask MPeI0CTaBIISAET
pacnpesesieHHbIe peaqu3aliid METOIO0B MAaIMHHOTO
o0y4eHus1; cucTeMa pealin30BaHa Ha Java, OTHaKo €CTh
API nnis Takux s361k0B, Kak Python, R, Scala, a Takxe
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l

MeTogbl
6aﬁeco£;|<oﬁ lMpepeapuTensHan
onTUMU3aLm obpaboTia
NpU3HaKoB
KnaccucpukaTtop Perpeccop
PesynbTupytoLian
mogenb

Puc. 5. Obuwasa cxema KoHBerepa Auto-Sklearn

noctyneH Beo-untepdeiic; H2O AutoML pabotaet Ha
takux mardopmax, kak Hadoop, Spark, AWS.

4.5. MLJAR

Cucremy AutoML MLJAR MOXHO HCIIONB30-

BaTh IS CO3JaHHUs IMOJIHOTO KOHBeiepa MallMHHOTO

0o0y4eHHs1 C KOHCTPYHPOBAaHHMEM IMPHU3HAKOB M Ha-

cTpoiikoil runepnapamerpoB. MLJAR mnonnep:xuBa-
€T CleAyIolIUe aJIrOPUTMbl MAIIMHHOTO OOy4YeHUS:

Hetiponnble cet, XGBoost, Catboost, LightGBM u

npyrue. MLJAR cTpouT HECKOIBKO MOJIeNiel B 3aBU-

CHUMOCTH OT BBIOpPaHHBIX aJITOPUTMOB U PACCUUTHIBAET

OKOHYATEJIbHBIN MPOTHO3 IyTeM OOBEIWHEHHs B aH-

caMOJIb WM CTEKUHIa MOJIETICH.

Ha puc. 6 mpencraBieH mnpuMmep KOHBeHepa

MLIJAR.

4.6. CpaBHuTeNnbHbIV aHanu3 AutoML
cucrtem
Cucrembl AutoML pasnuyaroTcss 1Mo CBOEMYy

BHYTPEHHEMY YCTPOWMCTBY U, COOTBETCTBCHHO, (PyHK-

LUSAM, KOTOPBIE OHH MPEJOCTaBISIOT MOJIb30BATENIO.

BoigenuMm  OTIMYMTENBHBIE OCOOEHHOCTH PaccMO-

TPEHHBIX CHCTEM M JaJUM KpaTKue PEeKOMEHAALUH 110

UX IPUMEHEHHUIO:

* Cucrema LightAutoML s¢dextrBHa 1715 perieHus
TaKMX 3a/a4, Kak OWHapHas WM MHOTOKJIaccoBas
Kinaccu(uKanus, a TakkKe perpeccus, riue BXOA-
Hbl€ JaHHBIE MOTYT COAEp)KaTh OIHOBPEMEHHO
pa3iuyHbIe TUIBI IPU3HAKOB: YHCIa, TEKCTHI, Ka-
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TeropuaibHble JaHHbIE, AaThl. MOXXHO MPUMEHSTh
LightAutoML B kauecTBe MHCTpyMEHTa OBICTpOiA
MPOBEPKH TUIOTE3, a TAKXKe MOCTPOCHUS MOJIeNen
MAIIMHHOTO O0Y4eHUsl, KOTOpble OyIyT OMUCAHBI C
MIOMOIIBIO JINHEHHBIX MOJIeTIel U epeBbeB pellle-
HUI1 ¢ rpaJeHTHBIM OyCTHHIOM. Tak:ke BOZMOXKHO
paciupaATh CUCTEMY COOCTBEHHBIMH MOIYJISIMH
00pabOTKMU JaHHBIX, TAKUM OOpa30M HacTpauBas
LightAutoML non peuieHre HOBBIX 3a7ad.
Cucrema TPOT He moxeT oOpabarbIBaTh MpOMy-
CKHU B HaOOpe JaHHBIX, a TAK)KE HE MOXKET paboTarh
C HEYMCIOBBIMU Mpu3Hakamu. [lonb3oBarens A0i-
JKeH MPeBapUTENLHO 00padoTaTh JaHHBIE, TOJIBKO
MIOTOM TI0/IaBaTh UX B cucTemy. Ha mpeaBaputenbHo
obpaborannbix gaHHbIX TPOT mo3BossieT cTpouTh
MOJIENTM KJIACCHU(PHUKALUN UK PETPECCUU, UCTIONb-
3ys anroputmsl Sklearn. ITosToMmy nanHas cuctema
MIOJIONIET BaM, €CITU BBl paboTaeTe ¢ TaOIMYHBIMU
JAHHBIMH, HE COIEP)KAIIMMHU MPOMYLICHHbIE 3Ha-
YEeHHS, a TAKKE BCE MPU3HAKU OOBEKTOB BHIOOPKH
ABJISIOTCS YMCIOBBIMU. MHaue TpeOyeTcs mpeaBa-
pUTETbHAs SKCIIepTH3a U 00padOTKa JaHHBIX.
Cucrema H20 AutoML mnpenoctaBisieT MeTon
uUMIIOpTa (hailyioB, KOTOPBII MO3BOJISET 3arpyKaTh
TaOMMYHBIC JAaHHbBIE, COCTOSIINE M3 KaTeropuajb-
HBIX M YHCJIOBBIX MPU3HAKOB, a 3aTe€M, UCTOJb3Ys
BHYTPEHHIOIO 3BPUCTHUKY, JEJIUT JaHHbIE Ha TOJ-
BBIOOPKH JUI 0OYYEHUS! U TECTUPOBAHUS IIETICBOM
Mojenu. JlaHHas cucTeMa aBTOMaTH3UPYeT TaKkue
9Tarbl, KaK MpeIBapuTeNbHas 00paboTka TaHHbBIX,
o0ydeHHe M HACTpOWKa MOJeNld, OObeTUHEHHE
pa3IMyHBIX MOJeNel, 4ToObl BHIOpaTh MOJETH C
HaWIIy4dllleld MPOU3BOAUTENBHOCTHIO (3a4acTyro
JaHHBIC omuckIBaroTCs ancamOmssmu GBM, GLM,
DNN wmogpeneit). H20 npenoctaBnseT ymoOHBIH

MNpensapuTensHan
06paboTka AaHHbIX

OueHka mogenu

Buibop
anropuTMa

HacTpoiika
Mogenu

MocTpoeHue
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Puc. 6. O6uwaa cxema koHBeiepa MLJAR
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nojb3oBarenbckuit narepderic H20 Flow — wun-
TEPaKTUBHYIO BeO-cpemly, KOTopasl MO3BOJSET CO-
BMEIIATh BBHINOJIHEHUE KOIa, MaTeMaTH4YeCKHe
BBIYUCIICHUS, TPaQUKN U MYJIbTUMEIUA B OJHOM
JokyMeHTe. Mcronb30BaTh JaHHYIO CHCTEMY pe-
KOMEHYETCsI, €CJIM BBIOOPKA COAEPIKUT MPOITYCKH,
KaTeropuajbHble W YHCJIOBBIE NPU3HAKU, TaKXkKe
€CJIM He0OX0JMMO ITPOAHAIU3UPOBATH PEATIOKEH-
HbIE CHCTEMOW MOJIENH, MPEICTaBICHHbIE B BUE
Tabnuubl ¢ MeTpukamu kadectBa (RMSE, MSE,
MAE u gp.).

* Cucrema MLJAR 10BoJBbHO OBICTPO CHpaBIIsieTCs
C MOCTPOECHUEM U OOy4YEHHEM LENIEBOH MOJENIU Ha
BbIOOpKax pazHoro pazmepa. OHa MOXET CO31aBaTh
OT4eTHl ¢ moMoMlblo pazmerku Markdown, comep-
JKalle CBeleHHUA O mpolecce 00ydeHUs] MoJenei,
pabotasi co MHOXKECTBOM Pa3HbIX MOJIENEH MalliH-
HOro 00y4eHus1, 00padaTbiBaTh MPOITYCKU B JaHHBIX
U paboTark ¢ OOJIBIIMM KOJIWYECTBOM THIIOB IpH-
3HakoB. Ecnu BaM HYXHO OBICTPO MOCTPOUTH MO-
JIelTb MallMHHOTO O0Yy4eHHs Ha JaHHBIX, COAEpIKa-
LIMX TPOIMYCKH U OOJIBIIOE KOJTUYECTBO MPH3HAKOB
Pa3IMYHBIX TUIIOB, TO BBl MOXkeTe BbIOpaTh MLJAR.

* Auto-Sklearn He MoxeT 0OpabaTbIBaTh MPOIYILECH-
HBIE 3Ha4YeHMs, HO OBICTPO CHpaBisgeTcs C 3agaueit
BbIOOpa camoii 3(¢eKTUBHOW MOAEIM MAaIlUHHO-
ro oOydeHus. DTa cucTeMa IOCTPOEHA MOBEPX all-
TOPUTMOB MAIIIMHHOTO OOy4YeHUs] W3 OMOIMOTEKH
Sklearn. Auto-Sklearn coderaeT B cebe METOMBI, KO-
TOpBbIE TIOMOTYT CO3[aTh MOJIENb C HACTPOCHHBIMU
TUTeprapaMeTpaMy, HO II0Jb30BATENI0 TPHICTCS
MpeIBApUTENHHO Mpe1oOpadoTaTh BXOIHbBIE JaHHbIE.
Auto-Sklearn ucnonb3yeT 6aiiecOBCKUE METOIIBI OII-
TUMHU3AIMU JJIs1 TIOMCKa Hauboliee MPOU3BOAUTEIb-
HOTO KOHBelepa Jyisi 3aJlaHHOrO Habopa NaHHBIX,
MOATOMY BBIYHCIICHUS Jake Ha OonbIImX Habopax
JTAHHBIX OyAyT IPOU3BOIUTECS IOCTATOUHO OBICTPO.

5. UccaenoBanue cucteM AutoML pisa 3amaun
perpeccun

MBI cpaBHUIIM PacCMOTPEHHBIE BBIIIE CUCTEMBI
AutoML, pemas 3afia4y perpeccuu Ha HECKOJIbKUX Ha-
00opax JaHHBIX, 1 OLIEHWJIX IPU MOMOIIM PAJa METPUK
TOYHOCTH KOHEUHBIE PE3YyNbTaThl pabOThl CUCTEM.

g sKciepuMeHTaIbHOM 4YacTH UCCIENOBaHUA
ObUIH BBIOpaHBI 1Ba HA0Opa JaHHBIX:

1) cars — BeIOOpKa, comeprxkarniast 301 oObeKT, B Kaye-
CTBE LI€JIEBOTO MPU3HAKA BBICTYIIAET 1I€HA aBTOMO-
ows,

2) powerplant - Habop HaHHBIX, colepKalIMi Mmapa-
MeTpbl 9568 mpennpusTui, rie B KauecTBe Iielie-
BOIO MpHU3HAaKa BBICTYIIAET MOYacoBas BHIPaOOTKa
anektposHeprun (MBT1/4).
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HabGop naHHBIX cars omyOJIMKOBaH Ha pecypce
Kaggle [11], a HaOop manHBIX plants omyOnukoBaH B
penoszuropun MammaHOro ody4yenus UCI [12].

Ucxonubie nanHbie OBLTM 00paboTaHbl S5 cu-
CTeMaMM aBTOMATHU3HPOBAaHHOTO oOyueHus: LAMA,
TPOT, Auto-Sklearn, H20 AutoML, MLJAR.

B utore naHHBIMH cuUCTeMaMu OBIJI MOCTPOCH
KOHBelep [uia 00pabOTKKU JaHHBIX, ONpPEAENeHbl CTa-
TUCTHYECKHE MOJIENT! U HACTPOEHBI UX THIIepIapaMme-
TpHL. 3aTeM Hamu ObLIa MPOU3BEACHA OLIEHKA TOYHO-
CTH Ka)XJ1I0ll UTOTOBOM MOJIETH.

OnuieM METPHUKH, KOTOpble OBUIM HCIIONB30Ba-
HBI JUIs1 OLIEHKH TOYHOCTU KOHEYHOU MOJEIH, TOCTPO-
€HHOM BBIOpaHHBIMU cucTeMamu AutoML:

1. Cpennsis abeomorHas ommbka (MAE). Ota meTpu-
Ka He YyBCTBUTENIbHA K BBIOpOCaM B Habope JaH-
HBIX, HO OHa HE HOPMHUPOBaHa.

2. CpenunexBaaparudeckas ommbka (RMSE). lannas
METpPHKa YyBCTBUTEIbHA K BEIOpOCaM.

3. Cpennsis abconrorHas omubka (MedAE). [lanHas
METpHKa He 4yBCTBUTEIbHA K BEIOpOCcaM B Habope
JTAHHBIX.

4. Koabduuuent nerepmunarmu (R?). BeIOpocs! cy-
[IECTBCHHO BIUIIOT HA KOA(PPHUIUCHT JeTCpPMHUHA-
WU,

COOTBETCTBEHHO, YeM OJIKe 3HAYEHHE METPHUK
K HYJII0, TeM TO4HEee paboTaeT MoJelb (KpoMe MeTpH-
KU R?, KOTOpasi IPUHUMAET 3HAYCHHS B JHAITa30HE OT
0 o 1, uem Onmxe 3HaueHUE R’ K eAMHHUIE, TEM TOU-
HEe MOJIENb).

B pabote ucnonb3yroTcs OUOMMOTEUHBIE pea-
JM3aIMK OMMCAHHBIX BBIIIE METPHUK, KOTOPBIE MPEIo-
CTaBJIIET MOAYJb metrics maketa sklearn.

5.1. AHanns BbIGOPOK

s Toro, 4ToOBI peABapUTEILHO OLIEHUTh BHY-
TPEHHIOID OPTaHMU3aLMIO0 JAHHBIX U MOCTPOUTH TUIIO-
Te3bl, BU3YyAJTU3UPYEM IKCIIEPUMEHTAIbHbIE BEIOOPKU.

Puc. 7a u 76 oTroOpaxaroT KOPPEIALIUOHHYIO
MaTpully, KOTopasi COAEpPKUT KOIPPHULUEHTH KOppe-
JSUM MKy NapaMy IPU3HAKOB U3 Ha0Opa JaHHBIX.
Marpuia Koppensiiui COAEPKUT Ha INIAaBHOW JUaro-
HaJM €AMHULBI, TO €CTh SABISETCA CUMMETPUYHOU. B
JAaHHOM cily4yae IMPH pacyeTe MaTpUIlbl KOPpesIuuu
Hcnojb3oBajcs kodhunuent koppensuun [upcona.
g ynobHOro BOCIpUATHS KOPPESLHUOHHON MaTpH-
LBl KCTIOJIb3YEM «TEILIOBYIO KapTy», [Jie MPH MOMOIIN
LIBETOB OKpAIICHbI siUEiKH, colepKaiiue Kodppuim-
€HTBI KOpPEeIsLuH.

Jnsa nHabopa [aHHBIX cars Ha LEJIEBOH Npu-
3Hak «Selling Price» Oomnble Bcero BIUSET MpH-
3Hak «Present Price» (koadduuuent xoppensuun
paBen 0,844). B nabGope nanHbIX plants mpuzHak
«ExhaustVacuumHgy xoppenupyer ¢ 1eneBbM Hpu-
3HakoM «HourlyEnergyOutputMW» ¢ kosbdunuen-
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Puc. 7. KoppenaunoHHble KapTbl

toM -0,87. B manHOM cilydae BakeH MOIYIb K0d(-
(bUIHeHTa KOPPEIALUK, KOTOPBIH TMOKA3bIBACT CUITY
3aBUCUMOCTH MEXy MPHU3HAKaMH, OTPHULIATEIBHBIN
3HAK YKa3bIBaeT Ha OOpPaTHYIO CBsI3b MEXIY MpPHU3HA-
KaMM, 4TO IJIsl paccMaTpuBaeMOM 3ajauyd HE HMEET
3HAYCHMUSL.

IIpoananu3upoBaB MaTpuIly KOPPENSLIUNA, MOXK-
HO cJieJIaTh BBIBOJ, UYTO JaHHbIE B BHIOpPAHHBIX JaTa-
CeTax MOXHO alIlpOKCHMHPOBATH MPSIMOW JIMHUEH,
CJIEIOBATEIbHO, MOXHO MPEAIOI0KHUTH, YTO MOJETH
JIMHEHHOH perpeccuu OyAeT NOCTaTOYHO, YTOOBI JI0-
OUTBHCS BBICOKOM TOYHOCTH MpeACKa3aHui.

5.2. AHanu3 NONy4YeHHbIX pe3ynbTaToB

B pesynbrare sxcniepuMeHTa, ¢ TOMOIIBIO OIU-
caHHbIX Bbilie AutoML cuctem, ObLIM onpeneneHbl
MOJIEIM MAIIUHHOTO OOYyYeHHS, HAMIY4IIUM 00pa-
30M ONMCHIBAIOIINE BXOAHBIE NaHHbIE. Ilpm sTOM
KaxJ10# u3 cucreM AutoML OblI MOCTpOEH KOHBEH-
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ep, KOTOPBI BKITIOYAN B ce0s BCe ATambl 00paboTKu
JaHHBIX, T0A00pa MOJETU U HACTPONKU ee TUIep-
rmapaMeTpoB.

Ha puc. 8-9 mpeacraBieHbl THCTOrpaMMBbI, Ha
KOTOPBIX MOXKHO YBUAETh 3HAU€HHs IOTPEIIHOCTU
MpeacKa3aHus LeJIeBOro MpU3HaKa IJ1s KaXK 101 uccie-
nyemoii B pabore AutoML cuctemsl. Ha pucynke 8-9
MpeCTaBlIeHbl 3HAYSHHU METPUK KauyecTBa AJIsl TECTO-
BOI1 BEIOOpKH HaOopa NaHHBIX cars. MOXKHO 3aMETHTb,
YTO HauOojiee TOUHOW OKa3alach MOJENb JIMHEHHON
perpeccun o orieakam MAE, RMSE, MedAE, Tak-
YK€ XOpPOIIUX PEe3yJbTaTOB MO3BONMIA JOOUTHCA MO-
nenb, BeiOpanHas cuctemoit MLJAR (metpuku MAE,
RMSE, MedAE).

Ha puc. 8 mokasaHbl mokaszarenyd KauecTBa s
TECTOBOH BHIOOPKH HaOOpa AaHHBIX 00 aBTOMOOUJISX.
BuaHo, 4T0 MOzIENh TMHENHON perpeccuy Mo oreHKam
MAE, RMSE u MedAE oka3anack Han0OoJiee TOYHOM,
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a Mopenb, BeiOpanHas o cucremMe MLJAR (MeTpuku
MAE, RMSE, MedAE), Tak:xe mokasasa XopoIiu1e pe-
3yabTaThl. [I0CKOIBKY MBI HCIIOIB3YEM 4 METPUKH AJIS
OLIEHKH TOYHOCTH OKOHYATEeJIbHOW MOJIeNIM MAalluHHO-
ro oOyuenus, nyyias cuctema AutoML onpenenser-
cs ¢ moMolnpto aHanuza [apero.

Ha puc. 9 noka3aHbl OLleHKH KauecTBa AJIsl Te-
CTOBOM BBIOOPKHM Habopa JaHHBIX 00 aBTOMOOMIISX.
BunHo, 4T0 MOZIENB TMHENHOMN pErpeccun Mo oreHKaM
MAE u RMSE oka3anack Hanboliee TOYHOM, a MO-
nenb, BeiOpanHas no cucreme TPOT (metpuku MAE,
RMSE u R?), Takxke MoKasana XOpOIINE PE3yJIbTATHL.

BriOpaHHbBIE CUCTEMBI [TOKAa3bIBalOT COBEPILIEHHO
pa3Hble pe3ysbTaThl IPH PELICHUN 3a/1a4d PErpeccuu
Ha BbIOOpKax pazHoro pasmepa. Habop maHHBIX aBTO-
moOueit conepkut 301 00bekT, a Habop HaHHBIX pac-
TeHU copepkuT 9568 00bexkToB. Haunyuriue pe3yinb-
taTbl nokazeiBatoT cuctembl TPOT u MLJAR (ecin
yuuThIBaTh 3HaueHus MeTpuk MAE, RMSE, MedAE).

Cucrema LAMA Hemioxo crpaBisieTcsl ¢ 3aja-
yeil mogdopa v HACTPOHKU MOJIENH, OTHAKO aBTOMAaTH-
3alKs BCEro Mpolecca 3aHUMAaeT UINTENIbHOE BpeMs
(B cpemHeM 0 5 MUHYT). DTO CBSI3aHO C OOJNBIINM
KOJIMYECTBOM Pa3IMYHBIX PACUETOB, MPOU3BOAUMBIX
CUCTEMOM H3-3a OOMIIMS MPENOCTaBISEMBIX €10 BO3-
MO>KHOCTEH.

B Tabn. 1 mokazaHo Bpems, 3aTpayuBaeMoe Ka-
xJ0M cuctemoit AutoML Ha BeIOOp U 00yueHHE OKOH-
YareNnbHON MOJIENIN MAIIMHHOTO 00yUYeHMs.

Tabn. 1
Bpems pabotbl cuctem AutoML

HaseaHue HaGop paHHbIX HaGop paHHbIX
cars plants
Auto-Sklearn 2 MuH 1 cek 1 mnH 59 cex
TPOT 31.2 cek 1 muH 30 cek
MLJAR 29.7 cex 54.4 cek
H20 1 MuH 2 cex 1 MUH 2 cek
LAMA 3 MnH 18 cex 5 muH 40 cek
Linear 19.8 mc 6.78 cek
Regression

Ha ocHoBanuu ananuza Tabn. 1 MoxxHO crienatb
BbIBON, 4TO cucTeMe LightAutoML mnoTtpeboBanoch
OoJIbIIe BCEro BPEMEHH I IOCTPOESHHUS ONTHMAIIEHO-
ro KOHBelepa, BRIOOpa HaWjIydlled Mozaenu U ee 00y-
yeHHs1. Mozienb TMHEHHOW perpeccuy 0Ka3ajaach caMmon
ObIcTpOi A7t mocTpoeHus, a cuctema MLJAR Brimon-
HsUJIa BBIYUCIIEHHS ObICTpEe, YeM APYTHEe CUCTEMBIL.

3aKkjIoueHne
Takum oOpa3oM, B paMKax AaHHOW pPaOOTHI

(bOpMaJ'[I/BOBaH oponecc ONTHMU3AlUKU  IMOCTPOC-
HUA KOHBCP'IepOB JaHHBIX U HaCTpOI\/'IKI/I aAJITOpUTMOB
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MalIMHHOTO O0y4eHusi. PaccMoTpeH psn aBTOMaTH-
3UPOBAHHBIX CHUCTEM MAaIIMHHOTO oOyueHus: Light
AutoML (LAMA), TPOT, Auto-Sklearn, MLJAR,
H20 AutoML. VMccnenoBan nporiecc TOCTPOSHUST MO-
JIeJI PETPECCUU C MCIIONIb30BaHUEM IEPEUHCICHHBIX
CUCTEM JIJIsl HECKOJIbKUX HaOOpOB NAaHHBIX, COAEpIKa-
[IMX KaTeropuajbHble U YHCIOBbIC TPU3HAKH.
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Abstract. In the current digital age, the world has a huge amount of data. Therefore, people are
more and more confronted with the use of such methods as data analysis and machine learning.
Moreover, many people are considering using machine learning algorithms for their own purposes.
However, data analysis is a complex process that can hardly be carried out by people who do not
have sufficient knowledge both in this field and in programming. This paper presents an approach
to give non-expert users the ability to apply machine learning algorithms to their datasets using an
application with a graphical interface. There are a lot of challenges involved in creating ML-solutions,
even if we take advantage of existing ML-algorithms: feature engineering, outliers’ detection, filling
the missing values, ML-method’s hyperparameters optimization and so on. The main point of the
research is to find a balance in solving these complex tasks and to provide a Web-based user inter-
face for unexperienced people to enable them to utilize the power of ML-methods in automatic or
semi-automatic way. The practical outcome is an information system development, that consists of
three interrelated parts: a web application, an APl and several microservices that implement ML-al-

gorithms from Scikit-learn library.

Keywords: web Application, Graphical User Interface, data analysis, ML automation.
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Introduction

Over the last decade, the level of application of
machine learning has grown considerably [1]. Nowa-
days, it is widely used in the areas such as medicine,
marketing, finance, retail, logistics, robotics and so on
[2, 3]. Today, almost all companies that collect and
store large amounts of data have entire departments
involved in data analysis and machine learning. In ad-
dition, small teams or even individuals are also inter-
ested in using machine learning, because they find data
analysis techniques useful for developing their proj-
ects and research. For example, scientists who could
use the existing data to predict possible values of cer-
tain variables or coefficients for conducting scientific
experiments.

Simple data analysis such as graph plotting,
creating charts and calculating some statistical coef-
ficients can be done using the standard tools such as
Microsoft Excel. But often more complex methods
involving the use of machine learning models are re-

* This work was performed under partial financial support from the
Russian Foundation for Basic Research, projects 20-01-00609 and 21-
51-53019, and according to the State Order no. 075-00715-22-00.
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quired. In this case, not only a comprehensive knowl-
edge of linear algebra, mathematical analysis and sta-
tistics is required, but also understanding of machine
learning concepts and coding experience, particularly
in languages such as Python or R, as well as special
frameworks and libraries are needed.

Recently, there is a growing number of automat-
ed machine learning solutions that allow training and
using models for making predictions without writing
code in a programming language but using visualiza-
tion or other methods of user interaction. Nevertheless,
some of these solutions, such as Google AutoML have
been developed for users with significant experience
and are mostly intended to simplify and speed up the
work of machine learning engineers and data scientists
rather than to lower the entry threshold into this area
for non-expert users. Most of the other solutions that
can be successfully used by people with basic domain
knowledge are often designed to solve only some spe-
cific classes of problems, such as computer vision or
text analysis.

This paper presents an approach that allows users
with basic machine learning knowledge to train and
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use different models for obtaining predictions on the
tabular datasets using a graphical interface. The prob-
lems encountered in creating systems for automated
machine learning and approaches to solve them are
also discussed. This work aims to develop a client-serv-
er web application with a graphical user interface for
data analysis, especially for the supervised learning
problems such as regression and classification.

The rest of this paper is organized as follows.
Section 2 discusses related work and common chal-
lenges included in machine learning process. Then,
Section 3 describes the algorithms and methods used
in the implementation. Section 4 contains details about
the implementation of the web application. Finally,
Section 5 provides the conclusion of the work.

1. Literature review

As previously stated, the popularity of solutions
for automated machine learning is growing. The paper
[4] discusses the possible challenges involved in cre-
ating these kinds of solutions.

One of the most challenging problems is the pro-
cess of extracting features from raw data, called fea-
ture engineering. This process often involves handling
missing values, encoding of categorical variables,
feature scaling and selection. It is notable that feature
engineering is not always a simple task even for ex-
perts in machine learning and it is usually performed
manually by empirical methods.

Missing values are one of the most common
problems when it comes to preparing data for use with
machine learning models. Human errors, privacy is-
sues, and other factors can lead to the absence of val-
ues in the dataset. However, missing values require a
correct handling, since most of the models in the exist-
ing machine learning libraries are not capable to work
with the data that contain gaps.

In fact, there is no clear answer regarding how
to handle missing values in datasets. Although, quite
several papers discussing the problem of filling gaps
in a tabular data have been published, most of the pro-
posed solutions were developed for specific tasks and
may not be as useful in other cases. The standard way
to solve this problem is to remove features that contain
many missing values or to fill in the missing values
with some estimate based on other values of the same
feature [5].

Most implementations of machine learning al-
gorithms also require all values in the dataset to be
represented in a numerical form. Because of this, cat-
egorical data must be converted to numerical values
before being used for model training or prediction.
The simplest way to encode categorical features is la-
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bel encoding (ordinal encoding). The main idea behind
this method is to associate each category with some
integer number. This method of encoding is rarely
used in practice because of its big disadvantage: it can
add additional dependencies that did not exist in the
original data, which is critical for linear models, and
in general can lead to wrong interpretations of feature
values.

One-hot encoding or dummy encoding is the
modification that solves the problem of the previously
discussed approach. In this algorithm, a new variable,
sometimes called a dummy variable, is created for
each category of a feature, where a binary value (0 or
1) denotes that a particular feature belongs to a certain
category. The main problem with this method and its
existing modifications is that a new attribute is creat-
ed for each unique value of a category variable. Thus,
the number of attributes grows quadratically, so naive
encoding is only applicable when categorical vari-
ables contain a small number of unique values. Anoth-
er problem of naive encoding is that it produces large
number of binary features in the dataset, which can
significantly reduce the quality of models when using
tree-based algorithms (e.g., decision trees or random
forest). In this regard, this algorithm is not suitable for
use in systems for automated machine learning, be-
cause the number of unique values in the categorical
variables in datasets can be quite large.

Another approach to encode categorical variables
is target encoding. The idea of target encoding is to use
the statistics of a target variable to encode a categori-
cal value. According to the theoretical justification for
this approach given in the paper discussing categorical
feature preprocessing scheme [6], the key transforma-
tion used in this method is a transformation that maps
each value of a categorical feature to an estimate of the
probability of occurrence of the target variable.

When categorical features are encoded in the
training sample, the numerical representation of the
categorical feature corresponds to the posterior proba-
bility of occurrence of the target feature, provided that
the categorical variable takes particular value. In the
case of categorical feature encoding in the prediction
sample, the numerical representation corresponds to
the expected value of the categorical variable. Essen-
tially, this means that for each category, the average
value of the target variable is calculated, with which
the category is subsequently encoded. This method
works for both binary classification and regression. For
multiclass classification a similar technique is used,
where a categorical variable is encoded with m — 1
new variables, where m is the number of classes. It
should be noted, that although the author of the arti-
cle claims that the statistics of the target variable are
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used to encode the categorical variable, in fact only its
mean value is used. Although the mean value is a suffi-
cient statistic for binary classification, it is not suitable
for regression because it disregards the intra-category
variance of the target variable. In this regard, this algo-
rithm in its pure form is prone to overfitting, so some
modifications are often added to software implementa-
tions to reduce the probability of overfitting.

In most cases, not all the variables in the raw
datasets are useful when building machine learning
models. Using many redundant features may reduce
the accuracy of the predictions and the generalization
ability of the model, as well as dramatically increase
its overall complexity.

The paper [7] contains a detailed review of the
existing methods for feature selection. As stated, there
are three main types of feature selection techniques:
filtering, wrapper, and embedded models. Filtering
methods are a general set of methods that do not in-
volve the use of a specific machine learning algorithm.
They are based on probability theory and statistical
approaches and include visual analysis (e.g., construc-
tion of a correlation matrix to identify the features
that have a weak correlation with the target variable),
evaluation of features using some statistical criterion
(variance, correlation, ¥% etc.), and feature ranking
by significance. In filtering methods, each feature is
considered separately, so it is not possible to identify
more complex dependencies in the data, and the re-
sulting subset of features that are most correlated with
the target will not always be the subset on which the
prediction accuracy will be the highest.

In addition, the existing implementations of these
methods often require a choice of a certain threshold
value to filter out the redundant features, which is quite
difficult to determine automatically, while ensuring
equally good quality for datasets that differ in struc-
ture (as in the case of automated machine learning sys-
tems). In general, these methods are more suitable for
a machine learning process fully controlled by user.
The main advantage of this class of methods over oth-
er feature selection algorithms is a low computational
complexity that linearly depends on the total number
of features and, consequently, high computation speed.
Moreover, filters can be used when the dimensionality
of the feature space is larger than the number of ob-
servations in the sample, which is not always possible
with other methods.

In wrapper methods, the process of feature selec-
tion is based on applying some classifier to different
subsets of features in the training sample. After select-
ing the optimal subset, the algorithm is tested on the
dataset that was not involved into selection process.
This class of methods is divided into two main ap-
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proaches: forward and backward selection. In the first
case, the algorithm starts with an empty subset of fea-
tures to which, at each iteration, the feature that has the
greatest influence on the quality of the model is added.
In the second case, the initial subset contains all the
attributes of the training sample, from which the least
significant attributes are removed at each iteration. In
both cases, the process continues until a statistically
significant improvement in the quality of the model is
obtained (the stopping criterion is reached). Wrapper
methods use a greedy search approach to evaluate all
possible combinations of features using some evalu-
ation criterion (e.g., p-value and determination coef-
ficient (R?) for regression; accuracy, precision, recall
or F-score for classification), thus having a rather high
computational complexity. Another problem with this
approach is that the backward selection method cannot
be used when the number of features exceeds the num-
ber of observations in the training sample.

Embedded methods combine the advantages
of filters and wrappers, integrating feature selection
into the learning process. The most common embed-
ded methods are based on tree-based algorithms. At
each recursion step, some feature is selected, and the
sample is divided into smaller subsets. The more child
nodes in a subset belong to the same class, the more
informative the feature is considered. In classification
problems, the partitioning is usually performed either
according to the Gini coefficient (index) or using the
information gain, which is based on the concepts of
entropy and the volume of information. In regression
problems, the partitioning is performed by a disper-
sion value. In addition to tree-based algorithms, reg-
ularization approaches are also common. The idea of
regularization approaches to construct an algorithm
that minimizes not only the model error but also the
number of variables used. In such cases, both L1-regu-
larization or L2-regularization and their combinations
are used. These regularization methods reduce some
model coefficients to zero, which allows removing
such features from the model. Embedded methods al-
low to identify more complex dependencies in datasets
and are less prone to overfitting and computationally
complex than wrapper methods. Even though embed-
ded methods are still more computationally complex
than filtering methods, this class of methods is best
suited for automating feature selection.

Another challenge is related to the hyperparam-
eter optimization. Machine learning models often
include hyperparameters whose values are very im-
portant for achieving high quality models [4]. The hy-
perparameter optimization algorithms work with the
model as with a black box: only the value of the model
loss function obtained by training with the considered
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set of hyperparameters is important, not the algorithm
itself. In formalized form the problem of hyperparam-
eter optimization can be written in the following way:
let A be the model of the algorithm characterized by
hyperparameters & = {3, ..., A, }, 4 € Ay, &y, € A, Then,
the space of hyperparameters associated with it is
A=Ay oAy Ay, The goal is to find such set of hy-
perparameters A € 4 with which the given model of
algorithm 4 is the most efficient.

Several methods of automatic hyperparameter
selection have been proposed by researchers in the
field of computer science. As stated in one of the pa-
pers discussing the use of automated machine learning
[8], the simplest ways to optimize hyperparameters are
grid and random search. Grid and random search are
uninformed methods, which means that they do not
learn any information from previous iterations.

Grid search is a brute-force algorithm in which
model is trained and evaluated for a complete set of hy-
perparameter combinations. Because of this, increase
in the size of the hyperparameter search space leads
to an exponential rise in computational complexity.
Therefore, this algorithm is often an unsuitable choice
as it could be inefficient in terms of performance.

In random search a complete set of hyperparam-
eter optimization is replaced by a subset of a randomly
chosen length. Since length of a hyperparameter set
is less than in grid search, this algorithm requires less
computational time, but here comes a risk that the best
combination of hyperparameters would not be includ-
ed in the tested set.

Recently, such method as Bayesian optimization
is increasingly used for the hyperparameter optimiza-
tion. Its major difference from the previously present-
ed approaches is that it is an informed method, so the
tuning algorithm optimizes the choice of parameters
at each step according to the evaluation of the pre-
vious step. In summary, this method creates a prob-
abilistic model which maps hyperparameters to their
corresponding estimation probability. Instead of trying
complete set or subset of hyperparameters, the Bayes-
ian optimization method can converge to the optimal
hyperparameters. Thus, the best hyperparameters
can be obtained without examining the entire sample
space. However, additional time is required to deter-
mine the next hyperparameters to estimate based on
the results of previous iterations, so this method could
be slower than random search.

2. Chosen algorithms implementations
The algorithm for preparing a dataset for further

use in model training consists of four steps:
1. Imputation of missing values.
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2. Encoding of categorical features.
3. Feature selection.
4. Data scaling.

Non-categorical features containing more than
50 percent of missing values are deleted. Categorical
variables with more than half of the missing values
are filled with a special mark. For imputing continu-
ous variables, the k nearest neighbors (kNN) method
based implementation from Scikit-learn library [9]
called KNNImputer is used. Each sample’s missing
values are imputed using the mean value from 5 near-
est neighbors found in the training set. The gaps in the
remaining features are filled with the most popular
value using Simplelmputer from Scikit-learn library.

The rows of the dataset are shuffled randomly
before encoding categorical features, as some data-
sets may be sorted according to the value of the tar-
get variable, which can lead to problems when using
target encoding algorithm. After random shuffling the
text processing algorithm to determine whether the
values of the feature are textual representations of
integer numbers is applied (e.g., “seven” is convert-
ed to 7). Features containing only one unique value
are removed since they have low effect on the target
variable. If a feature consists of only two different val-
ues, then ordinal encoding is applied. In other cases,
the target encoding algorithm from CatBoost library
called CatBoostEncoder is applied.

The features are encoded according to the fol-
lowing formula:

targetium + prior
featureCount +1 (D

where targetsum is a sum of the target value for that
particular categorical feature (before the current one),
priar is the constant value defined as the ratio of the
sum of all values of the target variable in the dataset to
the total number of observations, featureCount is the
total number of categorical features observed before
the current one and having the same value as the cur-
rent one. With this approach, the first few observations
in the dataset always have the statistics of the target
feature with much higher variance than the subsequent
ones. To reduce this effect, many random permutations
of the same data are used to calculate the statistics of
the target variable, and the final encoding is calculated
by averaging across these permutations.

As previously discussed, the best approach for
selecting the most significant features in machine
learning systems is the embedded methods, so the
Scikit-learn implementation called SelectFromMod-
el with ElasticNet estimator for regression problems
and DecisionTreeClassifier estimator for classification
problems was chosen. At the first step of the feature
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selection algorithm, a model based on a training sam-
ple is constructed. Then an approach based on feature
importance calculation is used. Features are consid-
ered unimportant if the corresponding feature impor-
tance values are below a given threshold parameter.
The threshold is calculated programmatically using
the median value of importance of all features multi-
plied by a constant as a heuristic. At the last step of the
algorithm, the features that the algorithm has marked
as unsignificant are removed.

Feature scaling is based on Scikit-learn Stan-
dardScaler which standardize features by removing
the mean and scaling to unit variance. The standard
score of a sample x is calculated as:

r—u

F=

. @

where u is the mean of the training samples and s is the
standard deviation of the training samples.

For hyperparameter optimization an implemen-
tation of the Bayesian optimization method from
Scikit-optimize library called BayesSearchCV is
used. The choice of Bayesian optimization method
was made for reasons of reducing training time and
increasing the models’ quality. As mentioned earlier,
grid search is not a suitable choice for automated ma-
chine learning systems because of its high computa-
tional complexity, as it can lead to an excessive load
on the system when the system is used by a sufficient
number of users at the same time. Random search, as
stated before, may not find the best hyperparameter
combination in a given number of iterations.

To prove the above statements, a couple of exper-
iments with different number of hyperparameter com-
binations for random search classifier was conducted
on the breast cancer dataset (https://www.kaggle.com/
datasets/uciml/breast-cancer-wisconsin-data). The re-
sults of hyperparameter optimization on 2160 hyper-
parameter combinations is presented in the Table 1.
Default algorithms parameters were not changed. As
can be seen, the grid search is about three times slower
than the Bayesian optimization and 62 times slower
than the random search. However, the grid search al-
gorithm gives the best model score, while the random
search gives the worst. Therefore, to achieve a balance
between computation time and model quality, Bayes-
SearchCV is a suitable choice.

Table 1

Comparison of hyperparameter optimization

algorithms from Scikit-learn library.

Algorithm F1 score Elapsed time
(seconds / s)
GridSearchCV 0.971874 176.38
RandomizedSearchCV 0.959786 2.83
BayesianSearchCV 0.968036 63.71
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For model evaluation the Scikit-learn implemen-
tation of Leave-One-Out cross-validation method is
used. The advantage of this method is that each object
of the sample participates in the control sample exactly
once, and the length of the training subsamples is only
one less than the length of the full sample. The main
disadvantage of this method is high resource intensity,
since the learning process is performed as many times
as number of objects in the sample. Nevertheless, this
method is the most accurate among all cross-valida-
tion methods because in most other cases (Hold-Out
Validation, k-fold cross-validation) the training sample
is divided into fewer parts.

The algorithm for preprocessing prediction data
is similar to the dataset preparation before model train-
ing:

1. Imputation of missing values.

2. Removal of the features that are not presented in
the training sample after preprocessing.

Encoding of categorical features.

4. Data scaling.

hed

3. Web application implementation details

A web service (source code: https://github.com/
sirenescx/fastml-web-application) is a system of five
interrelated parts (Fig. 1):

1. Web application with a graphical user interface,
which is responsible for processing user actions,
data input and output, and forming and sending re-
quests to the API.

2. A microservice (API) which processes incoming

requests from a web application and distributes

data according to the algorithms selected by user.

A microservice for data preprocessing.

4. Set of microservices with regression and classifica-
tion algorithms for training and prediction.

5. A database used for storing user data and algo-
rithms and microservices’ settings.

The microservice architecture was chosen for the
following reasons:

1. For implementation of a microservice for data pro-
cessing and microservices for machine learning, the
Python language was chosen because of significant
number of tools and libraries for data analysis and
machine learning. However, when it comes to cre-
ating of web services, Python is not the best choice
due to its low performance compared to most other
programming languages, as well as the difficulty of
testing. The microservice architecture provides the
ability to use different technology stacks for dif-
ferent tasks and allows to easily connect services
written in different programming languages into a
common system.

hed
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Fig. 1. Web service architecture scheme

2. The microservice architecture allows to extend the
system functionality without rewriting the existing
source code which makes future development eas-
ier and faster.

3. On certain datasets, usage of some machine learn-
ing algorithm implementations from libraries may
lead to an infinite loop. Placing the algorithms in
separate microservices prevents the entire applica-
tion from crashing by using method execution tim-
eouts. In the case when the specified time for meth-
od execution is exceeded, the task is terminated.

One of the most common tabular data formats for
use in machine learning is CSV. In addition, Microsoft
Excel is often used to create and edit tables, where files
have the extension .xlsx. Therefore, the both XLSX
and CSV file formats are supported.

The first line of the uploaded dataset should con-
tain the names of the columns, the second and the next
lines should contain the feature description of the ob-
jects (one object per line). Also, by default, it is con-
sidered that the first column of the dataset contains the
object name. At the same time, the user can specify
that the first column of the sample loaded also contains
the feature description of the objects. The output files
are in CSV format, with a comma as the separator. As
with user-loaded datasets, the first line of the output
file contains the column (feature) names. The column
containing the result of the target variable prediction is
marked as “target”.
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The graphical user interface is simple and
consists of a set of HTML pages that requires min-
imum user interaction to create, configure, and use
machine learning models for prediction. The train-
ing or prediction process involves a step-by-step
navigation through the several web pages of the
application.

First page of training process requires dataset
upload and choice of delimiter character if the data
is presented as a .csv file (screenshot: https://github.
com/sirenescx/DAMDID-data/blob/master/gui/up-
load_train.png). Next page provides an ability to
choose problem type, target variable and needed
machine learning algorithms (screenshot: https://
github.com/sirenescx/DAMDID-data/tree/master/
gui/problem_settings). On this page user is also able
to set custom model parameters for one or more se-
lected models. After training process is set up, user
is redirected to a web page on which he or she can
track the progress of learning process (screenshot:
https://github.com/sirenescx/DAMDID-data/blob/
master/gui/log.png). Once training process is com-
plete, the user will see a table containing the val-
ues of quality metrics for each of the selected algo-
rithms which could be sorted by algorithms names
or metrics values (screenshot: https://github.com/
sirenescx/DAMDID-data/blob/master/gui/choice.
png). At this stage, the user is prompted to select the
best models for saving and further use.
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Fig. 2. Web pages navigation scheme

The interface of the prediction process is even upload a dataset (screenshot: https://github.com/sire-
simpler, the user just needs to select one of the saved nescx/DAMDID-data/blob/master/gui/predict.png),
pre-trained models (screenshot: https://github.com/si- and wait for the prediction process to complete. Then,
renescx/DAMDID-data/blob/master/gui/results.png), user can download prediction results to personal com-
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Table 2
Model evaluation results
Algorithm R? MSE MAE
Ridge 0.987098625135458 0.0008175182548120166 0.01915270571705796
Lasso 0.987187519807067 0.0008118852879725164 0.021722537383973752
ElasticNet 0.986884345202036 0.0008310964787650111 0.02216231766619828

puter (screenshot: https://github.com/sirenescx/DAM-
DID-data/blob/master/gui/prediction_results.png). The
page navigation scheme is presented below (Fig. 2).

To describe an example usage of the web appli-
cation, a regression dataset containing 29 chemical ob-
jects — chalcospinels with ABCX, composition — with
108 continuous features was used for training (raw
training dataset: https://github.com/sirenescx/DAM-
DID-data/blob/master/training_set.csv). This dataset
contains data about chalcospinel compounds and their
properties. The value of the target variable (crystal lat-
tice parameter, g, ranges from 7.419 to 8.635 A).

After data preprocessing one feature (E2-67)
was dropped as non-informative because of a constant
value of 1.8 (preprocessed training dataset: https://
github.com/sirenescx/DAMDID-data/blob/master/
training_set processed.csv). Chosen algorithms set
incuded three regularization methods (L2, L1 and L1/
L2 regularization) and its implementations in Scikit-
learn: Ridge, Lasso and ElasticNet models.

To evaluate the quality of the obtained models
standard metrics for regression problems were used:
the coefficient of determination (R?), mean squared
error (MSE) and mean absolute error (MAE). As
can be noticed from the results (application output:
https://github.com/sirenescx/DAMDID-data/blob/
master/metrics.csv) given in Table 2, after applying
hyperparameter optimization and cross-validation,
all of the trained models had sufficient quality be-
cause R? score is close to 1. However, best algorithm
is Lasso according to MSE value, and Ridge accord-
ing to MAE value.

Conclusion

The popularity of machine learning is growing
every year, so programs and web services for automat-
ed machine learning seem to be quite a promising area,
as they make machine learning accessible not only to
experts, but also to users with a basic understanding of
the field. In addition, these systems can simplify and
speed up development while analyzing data.

This paper presents one of the possible approach-
es to automate and simplify training, evaluation and
obtaining predictions from machine learning algo-
rithms for tabular datasets. The proposed approach is
based on the development of the web application with
graphical user interface.
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Existing approaches for filling in missing data,
encoding categorical variables, feature selection, and
hyperparameter optimization were analyzed in this
work. Chosen algorithms, methods, and implementa-
tions were also provided.

The current result of this work is a web appli-
cation with GUI for the tabular data analysis which
allows users to upload raw tabular dataset in one of
the supported formats (.xlsx or .csv) and use Scikit-
learn implementations of classification and regression
machine learning algorithms to train the models or use
them for making predictions on structurally identical
data. Data preprocessing, hyperparameter optimiza-
tion and model evaluation are done automatically by
the web service. However, it is also possible for user
to set custom model parameters if required.

As a next step, it is planned to add more complex
solutions of value imputation, support of more regres-
sion and classification algorithms for tabular data from
Scikit-learn library as well as to add such models from
Keras library. Since the system can be easily extended
due to the microservices architecture, it is also planned
to provide users an ability to add handwritten models
at a runtime.

In addition, at the time of writing this paper, the
web application is being tested by real users, which
allow us to collect a feedback and use it to improve the
user interface and overall system performance.
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MpoekT System.Al: NOSIHOCTLIO yNpPaB/ISeMbIA CTEK
MAaLUMHHOro o0y4eHns n aHann3a AaHHbIX
anga akocuctemol .NET

I'.C. BreIkuH

MockoBckuin FocynapcTBeHHbI TexHuyeckuii YHnBepcuteT um. H.9. bBaymaHa,
r. Mocksa, Poccus

AHHOTauua. B nocnegHve rofbl TEXHOMOMMM MaLUMHHOIO 0Oy4YeHWUst CTAHOBSTCH BCE Oonee pacnpo-
CTPaHEHHBIMUY B TaKMX M3BECTHBIX 3aa4aX Kak CTUIM3aums n306pakeHnin, okpalumBaHue YEPHO-6enbIx
M306paxeHNn, cynep-paspeLleHe n300paxeHuii, MOUCK NoAOENbHbIX AaHHbIX, Pacno3HaBaHWe ronoca
1 U300paxeHnin. B cBA3M C STUM BO3HUKAET HEOOXOAMMOCTb B peanm3aumm Habopa MHCTPYMEHTOB AJist
VMHTErPaLMmM CUCTEM NCKYCCTBEHHOIO MHTENNEKTA B NPUIIOXKEHUS ANt MOOUIIbHBIX YCTPOWCTB, YCTPOCTB
yMHOro goma n gomaiuHmx MK. Ctatbs NocBslleHa peLleHnio, No3BONSioLEeMy pas3paboTynkam MHTe-
rpYpoBaTh CUCTEMbI aHaNM3a AAHHbLIX U MCKYCCTBEHHOrO WHTENIEKTA HENOCPEACTBEHHO B MPUIOXEHME,
YTO MO3BOJSIUT MOJSYHYUTb IEFKOBECHbBIA, NMOPTATMBHBIN, KPOCCNNATGOPMEHHbIA MOHOMUTHBIA NPOrpaMm-
HbI NPOAYKT, YTO 3a4aCTyl0 HEBO3MOXHO C UCMOJSIb30BAHMEM CyLLECTBYIOLMX peLleHnin. OCHOBHbIMU
0COBEHHOCTAMU NPELIaraeMoro peLLeHns aBASOTCA HaLeNeHHOCTb Ha akocucTemy Microsoft .NET [1],
a TaKkke MCMNoJSIb30BaHME TOJIbKO CTaHAAPTHbIX Bo3MoxHocTen BCL n ga3bika C#. Peann3oBaHHbIN Na-
KET MHCTPYMEHTOB SABASIETCH NUCKIIIOUYUTENBHO KPOCCNaTthOPMEHHbIM 1 annapaTtHoHe3aBucmbiM. APl Bo
MHOIOM COBMaJaeT C aHaIOMMYHbIMW peLleHnsamMn ans Python, 4To no3BonsieT ObICTPO NEPEHECTU KOAbI
Ha Python B npoekT gna .NET.

KnioueBble cnoBa: malumHHoe obyyeHune, AHann3 aarHblx, .NET Framework, Mono [2], Xamarin [3],

.NET Core [1], .NET Standard [1], Ynpasnsembiii koa.

DOI: 10.14357/20790279230108

BBenenue

[Tnardpopma Microsoft NET Framework u ee
KpoccmarhopMeHHbIE peann3alum, Takue kak Mono,
NET Core u Xamarin, mpejiaralor paspaboTyuxy
LIIMPOKUHM CHEKTp HHCTPYMEHTOB [UIsl pa3pabOoTKu
MOOWJIbHBIX, HACTOJNBHBIX M CETEBBIX MPUIIOKEHUH;
6a3 nanabix. OCHOBHO# 3amaueii npoekra System.Al
sBisieTcst BHenpenue B skocucteMy .NET creka Tex-
HOJIOTHI MalllMHHOTO 00y4YeHHs M aHaJIW3a JaHHBIX C
COXpaHEHHEM IPU 3TOM BO3MOKHOCTEH U CHHTaKcuca
aHAJIOTUYHBIX pemeHuil ans Python mnu JavaScript,
€CJIM 3TO BO3MOXHO. System.Al Ha IaHHBIA MOMEHT
BKJIFOUAET B ce0s peanu3anuu OubimoTexk imageio [4],
PyTorch [5] u convnet.js [6], a Tak:ke MHOXKECTBO pac-
mupeHuid crangapTHeiX kiaccoB .NET, kotopelie o6e-
CIEYMBAIOT THOKOE B3aUMOACUCTBUE MEXY System. Al
u .NET. OCHOBHBIMH OTJIMYUSMH OT IPEIBIIYIINX pa-
00T SABNAIOTCS MUHUMAIIU3M HCHOJIb3YEMBIX HHCTPY-
MeHTOB u3 cranaaptHoro naketa .NET, s3pik C# 5, u
MOJTHOCTBIO YIpaBJIsieMblil Koa, uTo Aenaet System.Al
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MO-HACTOSAIIEMY KPOCCIUTAT()OPMEHHBIM TIPOrpaMM-
HBIM 00€CIIEUEHUEM.

1. Ilpensinymme padoTsl

Pemienus ans Python (PyTorch, TensorFlow,
etc.). Haubonee nomynapHsiMu (peiiMBOpKaMu Ma-
mmHHOTO 00y4eHwus sBisitotest PyTorch ot FaceBook
u TensorFlow ot Google [7]. Otu 6ubnmuorexku ass
s13pIKa IporpammupoBanus Python obnamator oGmmp-
HOM (PyHKIMOHAIBHOCTBIO Ui pealin3allid HeHpOoH-
HBIX ceTeil ams mo0oi 3amadd, ogHAKO creurduka
si3pika Python kpaiine 3aTpynHseT ero UCIOIb30BaHHe
pH pa3paboTKe MOOMIIBHBIX U HACTOJIBHBIX MTPHUIIOAKE-
Huil. B wacTHOCTH, cpena BoinoiHeHus Python B Ha-
cTosiIlIee BpeMs He MMeeT O(pUIMAIbHON MOIIePKKI
JUISI ©3BECTHOH MOOMIILHOM OIEpariiOHHON CHUCTEMBI
Android. Kpome Toro, ¢marmaHckue ¢peiMBOpKU
MaIIMHHOTO 00y4YeHHs HE MOAAEPKUBAIOT 32-pa3psii-
HbIE OIEPALMOHHBIE CHCTEMBI, MO-TPEKHEMY YacTO
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nucrnone3yromuecs Ha nomamnux [IK. Hakonen, nare-
rpaisi cpeasl BeIoaHeHus: Python, 6a30BbIX GHOMH-
OTeK ¥ OMOJIMOTEK MAIIMHHOTO OOY4YeHHUS B KOHEUHBII
MPOAYKT 3HAYUTEIHHO yBEITUYMBAET OOBEM 3aHMMA-
€MOr0 JUCKOBOTO MPOCTPAHCTBA, YTO KPUTHYHO IJIs
MOOUJIbHBIX.

convnet.js u ConvNetCS. convnet.js — 310 61-
Onmmoteka A7 0OyueHHs] CBEPTOYHBIX HEUPOHHBIX
ceTeil HemoCpeJCTBEHHO B Opay3epe, HamucaHHas
Ha JavaScript. @akTHUECKH, 3TO MEpBasi IMUPOKO U3-
BecTHas OMONMOTEeKa MATMHHOTO OOy4eHus, IpeaHa-
3HA4YEHHAas Ui UCIIOIb30BAHUS Ha IIUPOKOM CIEKTpe
ycrpoiicTB. [IpenmyIiecTBa BKIIOYAIOT KpOCCILIAT-
(hOpPMEHHOCTh U COBMECTHUMOCTh CO MHOTHUMH Opay-
3epaMH U ONEpalMoOHHBIMU cucteMamMu. OnHaKo 3Ta
O6ubnuoTreka mpeaHa3sHa4eHa il JeMOHCTPAMOHHBIX
uenel u obnagaer JOBOJBHO Y3KUM (DYHKIIMOHAJIOM,
KOTOPOTO HEIOCTaTOYHO Ui pealln3allid COBPEMEH-
HBIX HeHpoHHBIX ceTeld. Kpome Toro, JavaScript siB-
JISI€TCSI CKPUIITOBBIM SI3BIKOM [T Be0-CalTOB U PENIKO
HCHOJB3YETCs IS Pa3padOTKU IPUITOKEHHH.

ConvNetCS [8] — ato mopT convnet.js Ha C#.
CrpykTypa OMOITHOTEKH MO3BOJISET UCIIONB30BATh €€ B
HACTOJIBHBIX MPUIOKEHHUAX, HO OTpaHUYeHHast (yHK-
LMOHAJILHOCTH JIETaeT 3TO OECCMBICIIEHHBIM.

Tensorflow.js (Deeplearn.js). Ilpeacrasuser
co00i 6GMOMMOTEKY MALIMHHOTO OOY4eHHs U JHMHEH-
HOU anreOpbl U1 3amycka B Opaysepe [9]. Ona wuc-
MOJIb3yeT BBICOKOONITUMH3UPOBAHHBIE ANTOPHUTMBI U
MOJICP>)KUBAET BBIYMCIEHHUS Ha TIpaUIecKoM Mpo-
neccope. OyHKIMOHAN AOCTAaTOYEH JUIA Pa3pabOTKu
Y 3aIlycKa MPaKTHYECKH BCEX COBPEMEHHBIX HEHpOH-
HBIX ceTeil. HemocTarkaMu SBISIOTCS 3aBUCUMOCTbD OT
Bepcuu Opay3epa U HEBO3MOKHOCTH HCIOJIB30BAHUS
IpU pa3paboTKe MPUIIOKEHHUH.

AlbiruniML. fAsnsercs Tensorflow,js - nomo0-
HOU OMOIMOTEKOI MaIMHHOTO 00yUYeHUs U INHEHHOU
anreOpel C MOANEPIKKONH aBTOMATHUYECKOro audde-
pernuposanus [10]. [To3unuonupyeTcst aBTOPOM Kak
peanmuzauus Tensorflowjs nnst NET u apnsiercst kpoc-
CIIaT(OPMEHHBIM IIPOTPAMMHBIM  00ECIIEUEHUEM.
bubnuoreka obnagaer AOCTATOUYHBIM (YHKIIMOHAIIOM
JUTS TIOJTHOIICHHOH Pa0OThI C HEHPOHHBIMU CETSIMH, HO
OYeHb HU3KHM YPOBHEM ONTHMU3AIUH aJTOPUTMOB.
Iocnenusis Bepcust OuONHOTEKH OBIIA BBINYLIEHA B
2018 roxy.

SciSharp Stack. D70 roTOBBINl K HCHOJIB30Ba-
HUIO BBICOKOONITUMHU3UPOBAHHBIN CTEK MAIIWHHOTO
o0Oy4eHHUsI ¥ aHaIM3a JaHHBIX JJs dkocucteMbl .NET
[11]. On Hamucan B ocHOBHOM Ha C# c McIonb30Ba-
HUEM KpoccmardopMeHHbIX Bo3MokHOCTe BCL, HO
MHOTHE U3 Hanboliee BaxHBIX OuOnuorek B SciSharp
WCTIOJB3YIOT HEYIPaBIsieMbli Kof (HEyIlpaBisieMble
.dll wiu ¢aiinet .so), Hanpumep TensorFlow.NET, nnu
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BBI3bIBAIOT KOabl Ha Python, nanpumep Torch.NET
wi Numpy.NET. MHOTHE OUOIUOTEKH B TTakeTe (ax-
Tryecku sipisitores APL, Ho He peanuzanusmu. 3To He
yCTpaHseT TPYAHOCTEH, CBA3aHHBIX C HCIOIb30BaHH-
€M KJIaCCHYECKHUX (PEeHMBOPKOB MAIIMHHOTO 00yde-
HUSL.

Demos. CyTp mpoekra 3akiiodaeTcs B peaju-
3K TIOMYJSIPHBIX HEWPOHHBIX AaJNTOPUTMOB ISt
OKpalllMBaHUs, CTHIW3AIUK M CyIep-pa3pelieHus
n3o0paxkenunii Ha umcrtom C# [12]. Kaxnawlid anro-
PUTM B MpeIaracMoM MPOEKTE TPEICTABICH B BUJC
CaMOCTOSATEIBHOTO TPUJIOKEHUS ISl OTIEPAIIMOHHOMN
cucreMbl Windows ¢ y00HBIM rpad)U4ecKUM HHTEP-
(eticom. Llenb npoekTa - mpea0CcTaBUTh BOSMOKHOCTh
OBICTPO 3amycKaTh HEWpPOHHBIC alTOPUTMBI Ha Ha-
CTOJIBHBIX KOMITbIOTepaX. [IpoeKT cumraercs mpesbl-
JYIITAM 3TarioM paboThl HaJl MPOeKTOM System. Al

MyCaffe. MyCaffe [13] — peanmzanus OnGIu-
orekn MammHHOTO 00yueHust Caffe [14] Ha C#. Dto
KpoccIiaT(OpMEHHOE W XOPOIIO ONTHMU3HPOBaH-
HOE TPOrpaMMHOE O0eclieYeHre, TOoIePKUBAtOIIIEE,
onHako, BerumciaeHus Toiabko Ha GPU or NVIDIA.
Apxurexrypa MyCaffe nneanbHO MOAXOMUT IS MC-
MOJIb30BAHUSI B COCTaBE KIIACCHUECKHUX MPUIIOKESHUH
Ha .NET, omHako HEBO3MOXHOCTH MCIIOJb30BAHMS
[EHTPAIBHOTO MPOIIECCopa, a TAKKE OTPAHNIYCHUE Ha
MOJIIep)KUBaeMble TpauuecKrue MpOoIeccophl Cylile-
CTBEHHO CY’KalOT KPYyT IIOAJIEPKUBAEMBIX YCTPONUCTB.

2. Ilpensiaraemoe pemieHue

0O0630p cTpykTyphl. System.Al - 310 HaboOp B3a-
MMOCBsI3aHHBIX OuOmmorek. Bee OmbmuoTekn u3 co-
ctaBa System.Al MOXHO pa3fenuTh Ha 3 II00aTbHBIX
TUna: OMOIMOTEKH BBOJA-BBIBOA, IPEIHA3HAYCHHBIE,
COOTBETCTBEHHO, IJisi oOecrieueHus: BBOAA U BBIBO-
Ja JaHHBIX Pa3IMYHON TpUpOAbl; OUOIMOTEKH pac-
IUpEeHUH, peannsyromme orcyrcrByromue B NET
TUIIB JaHHBIX (Takue Kak, Hanpumep, Half, Quarter,
KOMIUIEKCHBIE YMCIIa Pa3NUYHON TOYHOCTH H T.1.), U
o0ecrieynBaroIiie B3aUMOJCHCTBUE MEXKIy THUIIAMHU
System.AI u crannaptaeiMu Tunamu NET, a Taioke
cojiepaKallie MeToIbl paciupeHus s kiaccos BCL.
Hanpumep, 6ubnuorexa DotnetExtensions peanusyer
MeTOJ tobytes() Nisl cTaHAAPTHBIX MAaCCUBOB. DTO TO-
3BOJIICT HMCIIONB30BaTh MONOOHBIN NumPy CUHTaKCUC
JUIS COXpaHEHUs MaccuBOB B nBonuYHOU (opme. Ilo-
cienHui knace oudbnuorex System.Al - 3To OubMMO-
TE€KW MAalIMHHOTO OOy4YeHHs, MpeJHa3HaYeHHBbIC He-
MOCPEACTBEHHO MJIsl CO3/AaHus, 0Oy4YeHHs W 3amycka
HEHPOHHBIX CeTeH.

Jst peanuzanum Bcex KOMIIOHEHTOB System. Al
OBLIT MCHONB30BaH A3bIK MporpammupoBanus C# 5.
DT0 O3BOJISAET UCIIOIB30BATh KOHCONIBHBIN KOMITHJIS-
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WUHTennekTyanbHbli aHanM3 AaHHbIX

[.C. BpbiknH

{ System.Al }
Wl-lb;:lml Eatenriong
g WET Tyslem FlaatingPam Toech NET

Sywterm Complia Cam, NET

PyTypee NET

DetntEcteniions

Puc. 1. CtpykTtypa System.Al

top C#, BcTpoennsbiit B Microsoft .NET Framework
B OC Windows, 0e3 HEOOXOOMMOCTH YCTaHOBKHU
CTOPOHHETO MPOTPAMMHOTO OOecreueHus. Y4H-
TBIBasg TO, 4YTO TpeOyeMass MHUHHMaJbHash BEPCHS
(4.0) Microsoft .NET Framework siBnsieTcsi 4acThIO
OTIEpaIlMOHHON cucTeMbl, HaunHas ¢ Windows 8, a
TaK)kK€ MOXET OBITh YCTAHOBJIEHA B OIEPALlHOHHBIX
cuctemax Windows XP, Windows Vista u Windows
7, MBI MOXXEM MpPEINoNoXKUTh, uTo System.Al mo-
XKeT OBIThb CKOMIMJIMPOBAH U3 UCXOJHBIX KOAOB WU
WCIIOJIb30BaH C UCHOJIb30BAaHUEM CTAHIAPTHBIX HH-
CTPYMEHTOB CaMO#l pacnpocTpaHEHHOW HACTOIBHOMN
OC — Windows. Kpome toro, System.Al ucrionb3yeT
OrpaHUYCHHBIH Ha0Op HMCKIIOYUTENIBHO KpPOCCIUIAT-
dhopmennbix Bo3zmoxHocTeld BCL (Bubnuorexu Oa-
30BbIX KkinaccoB .NET), Takux kak MHOTOITOTOYHOCTh
uepe3 System.Threading.Tasks, BbIBOJ Ha KOHCOJb
yepe3 System.Console u pabora ¢ ¢daimamu U 10-
TokaMu uepe3 System./O. DT0O MO3BOISET 3allyCKaTh
npuwioxkeHuss ¢ System.Al Ha m0OOM YCTpOHCTBE,
noaaepxkusaronieM Microsoft NET Framework unu
€ro peaau3aluio, He3aBUCUMO OT ONIepalliOHHON CH-
CTEMBI WM apXUTEKTYpHI poreccopa. TpaccupoBKu
KOJIa, BBITIONHSIEMOTO U3 System.Al U aHAJIOTHYHBIX
pelIeHnid TTpecTaBIeHbl Ha puc. 2. Mbl MOXEM BH-
JETh, YTO KOJI, OCHOBAaHHBIN Ha System.Al, HanpsAMY10
B3aMMOJIEIICTBYET C ONEpPALMOHHON CUCTEMOM U al-
mapaTHbIM o0OecIlie4eHHeM, B TO BpeMs KaK HCIOJb-
30BaHHE aHAJIOTUYHBIX PEIICHUH MPEANoNaraeT OIuH
WM HECKOJIbKO JIOTIONHUTENBHBIX ypoBHeW. Cpena
BoinonHeHust .NET conepxut JIT-komnunsarop, ko-

TOPBI TEHEPHUPYET BBICOKOIPOM3BOAUTEIBHBIN KOJ
JUTSL TeKyIIeH apXUTEKTyphl mporeccopa. Takum 00-
pa3oM, MOBBIMIACTCS TPOU3BOTUTEIFHOCTD CUCTEMBL.
IL-xon System.Al u 1L-xon mpUIOXKEHUS! MOYTU TaK
ke d(PexTUBHBI, Kak MallMHHBIA KoA. B HacTos-
mee Bpems System.Al ycrnemHo coOpaH U 3amylieH
Ha MIUI (Android) u obnaunoii mnargopme Google
Colab [15] (Ubuntu) ¢ nomoursto Mono, a Takxe Ha
Windows (7, 10) ¢ nomomrsto .NET Framework.

B tab6n. 1 nokazano cpaBHenue System.Al ¢ aHa-
JIOTUYHBIMU OMOTHOTEKAMHU.

Torch . NET Tansarflew. 38 TensorFlow, NET System, AT
I Ck API | I a8 API | | i API | I Cf API
.HET BEoWEer .HET -HET
Puntime v almiguatmil Funtime Runtima
I [
Fython Unmanaged Unmanaged operating
ntacprater libs liba By tam
I I
Unmanaged Cperating operating
1ibs | systen system Harduare
] |
Cparating |- Hardware Hardwars
systom

Puc. 2. TpaccupoBka koga System.Al v npeauie-
CTBYIOLLUMX PELLUEHUN

imageio.NET. imageio.NET - 310 6ubnuoreka
IUIE BBOAA/BBIBOAA u300pakeHnid. OHa MO3BOJSIET
gutathk (ainel B popmarax bmp, gif, jpeg, png, psd
U tga, Bo3Bpalias u300pakeHue B BUAE TPEXMEPHOTO
MaccuBa 0aiT. Kpome Toro, 6ubnuorexa mo3Bosser
COXpaHATh HU300pakeHue, MPEACTaBIEHHOE Tpex-
MEpHBIM MacCHBOM IPOCTOrO YMCIOBOTO THUIMA JaH-
HBIX, B (hopmax bmp, jpg, png, hdr u tga. B xauecte
sipa HCTONB3YIOTCA TepepaboTaHHble OMOIMOTEKH
StbImageSharp w StbImageWriteSharp. imageio.
NET T103BOJII€T BBIMONHATE 00pa0dOTKy u300pa-
KEHUI Ha J1I000M YCTPONCTBE, MOAIEPKUBAIOIIEM
NET wnnu mo0Oyro u3 ero peanusanuil. [Ilpumep xoxa
Ha Pascal ABC.NET nans ureHuss n3oOpakeHUS W3
(haiina B MaccuB NMpUBEICH HIKE.

Ta6n. 1
Pasnununa mexny System.Al v opyrumm pelwleHusamu. *Beaércs pabora.
convnet.js ConvNetCS tensorflow.js AlbiruniML SciSharp System.Al
OnTUMU3NPOoBaH Y Yy N y N N
Kpocc- \/ N - N . N
nnatGOpPMEHHOCTb

AnnapatHas J y N N - N
He3aBUCUMOCTb

foToB K Y y N y N *
NCNONb30BAHUIO

LN npunoxeHni Y v Yy N N N
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{8reference ‘imageio.dll’}

uses System;

uses System.10;

begin
Console. WriteLine(imageio. _ version__),; /
current imageio.NET version
var  iml i= imageio.imread( ‘Tuebingen
Neckarfront.jpg’), // read image as .NET byte array
Console.ReadKey(true),

end.

System.FloatingPoint. [lannas 6ubnmnoreka co-
JEepXKUT TUIBI JaHHBIX Quarter (8-OutHsblii float), Half
(16-6utnsiit float) u BFloatli6 (16-OutHbiii float oT
Google Brain). PeannzoBaHHbIe THITBI MMOKa3aHbl Ha
puc.3,4us.

Puc. 5. Ctpyktypa BFloat16

Tunsr ganaeix Half v BFloatl6 akTuBHO WucC-
MOJB3YIOTCS B MAIIMHHOM O0YYCHHH, ¥ MX TIOACPIKKA
JOJDKHA OBITH JOCTYITHA, IO KpaifHel Mepe, Ha YpOBHE
npeoOpa3zoBaHuil Mex 1y BCTpoeHHbIMH TUiaMu .NET.
[Ipumep xoma Ha VB.NET mia pabotel ¢ System.
FloatingPoint npeanaraercsi HUXe.

// Reference System.FloatingPoint.dll or System. Al dll
Module Program
Sub Main()

Dim a As Quarter = Single.Parse(Console.

ReadlLine())

Dim b As

ReadlLine())

Dim ¢ As BFloatl6 = Single.Parse(Console.

ReadlLine())

Dim e As Object =a *b + ¢

Console.WriteLine(String. Format(“{0} * {1} +

{2} ={3}), vpe ={4}", a, b, c, e, e.GetType))

Console.ReadKey(True)

End Sub
End Module

Half = Single.Parse(Console.

System.Complex. bubinoTeka peanuszyer THUIIBI
KOMIIICKCHBIX BEIIECTBEHHBIX YUCEN, B KOTOPBIX JIEH-
CTBHUTEIIbHA W MHHMas YacTH MPEACTaBICHBI 3Ha-
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yeHussMu tuna Quarter, Half, BFloatl6, Single nnu
Double. To ecTb KaxJI0OMy IPOCTOMY BELIECTBEHHOMY
TUIy COOTBETCTBYET KOMILICKCHBIN Tumn. Komriekc-
HBIE YHUCJIA UCTIOJIB3YIOTCSI B MAIIMHHOM OOy4YeHUU U
aHaJIM3€ CUTHAJIOB.

PyType.NET. Ota 6ubnuorexa peanusyer HeKOTo-
pble THUIIBI JAHHBIX s13bIKa Python, KoTopble MO3BOMISIOT
COKpaTuTh Kof. OMHUM M3 TAKUX TUIIOB SIBISIETCS INa-
Or1oHHBIN Kacc oObenuneHus (Union), KOTOPBIA TIO3BO-
JISeT TepejaBaTh 3HAYCHUE OHOTO U3 YKa3aHHBIX THIIOB
JaHHBIX. OH aKTUBHO UCTIONB3YETCs, KOTaa HeOOXOAUMO
nepenarh OHO YUCIIO WIH Tapy yucen (HarpumMep, B Ka-
YeCTBE MapaMeTPOB JBYMEPHOTO CIIOSI CBEPTKH).

warnings.NET. bubnuoreka siBiseTcs aHaso-
roM OMONMHOTEKH NPEeRyNpexaeHUNH CTaHIapTHOTO
nakera Python n npennasHaueHa 1 BBIBOJA HperLy-
NPEeKACHUIA O HEKPUTHUYECKHX CHTYalUsX, BO3HHK-
IIMX BO BPEeMsl BHIIIOJIHEHUS IPOIPaMMBbI.

DotnetExtensions. bubnuoreka comepXur Me-
TOZABI paclIMpeHus Uil cTaHfapTHelx kiaccoB .NET.
3agaun 00pabOTKM JTAHHBIX YacTO TPeOYIOT MPOCTHIX
BCIIOMOTATENbHBIX (YHKIHMH, TPUMEHIEMbIX, HaIlpH-
Mep, K YHCIOBBIM MaccuBaM. Takue (yHKIHH MOTYT
OBITH MCIIONB30BAHbI YIS OTJIAKH, BBOIA/BBIBO/IA MAC-
CHBOB JIaHHBIX M T.J. [1omoOHBIN (yHKIIMOHAT TaKke
BCTPOEH B IakeT NumPy, KOTOPBIi ABJIETCS CTaHAAPT-
HBIM JJIs1 paboThl ¢ MaccuBaMu B 3kocucteme Python.
DotnetExtensions pacmmpsier Hekotopsle kiaccsl BCL
(GYHKIMSAMHU, aHAJIOTHYHBIMH TEM, KOTOPBIE COEpIKar-
cs B makerax Python. B kagectBe mpumepa npuseném
kox Ha C# 11715t COXpaHEHHsT YUCIIOBOTO MAacCHBA B (haiis
C HCIOJIB30BAaHUEM METOAOB pACIIUPEHUS System.
Array.tobytes() u System.10.Stream. Write().

// string fname - file name

// arr - (multidimentional) array of basic .NET type
(such as float or int)

using(var f = File.Create(fname))

[f-Write(arr.tobytes()),
/

Torch.NET. Torch.NET - 3t0 O0ubnuoreka ma-
IIMHHOTO OOyYeHWS W JUHEWHOW aireOphl ¢ Mol-
JIEep>)KKOH  aBTOMAaTHUYECKOTO Iu(pepeHIIUPOBAHISL.
Torch.NET sBnsieTcss mpsMBIM aHaIoroM Oubmmore-
ku PyTorch sxocucremsl Python. Torch.NET, kak u
npyrue Oubmuoreku B coctaBe System.Al, BO MHO-
TOM KOIHPYET CHUHTAKCHC CBOETO aHAJIora, OJIHAKO,
BO3MOXXHOCTH Torch.NET BCE >xe OTIHYArOTCS OT
Bo3MoxkHOCcTel PyTorch. Cucrema tunoB Torch.NET
3HAYUTENBHO Ooraue, yeM y PyTorch: NOTIOTHUTEIHHO
MOJICPKUBAIOTCS TUTIBI AaHHBIX Quarter, CQuarter,
CBFloatl6, Ulnt16, Ulnt32, Ulnt64. KsantoBanue Ha
JAaHHBI MOMEHT He TOJIepKUBaeTCs. BaxkHoe oTin-
une Torch.NET ot PyTorch 3akirodaetcss B TOM, 4TO
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BCE OIEpalMi CO BCEMH THIIAMHU JaHHBIX Pean30Ba-

HBI JUISL LEHTpaJbHOTO Tpoueccopa. Ha naHHBIA MO-

MeHT Oubsiunorexa 7orch. NET akTUBHO pa3BUBAETCH.
Torchvision.NET. Torchvision.NET - 310 aHa-

JIOT MOAYJIA torchvision, BXozsuiero B coctaB PyTorch.

Torchvision.NET copep>XuT mpeaoOy4eHHble HeHpOH-

HBIE CETH, METOJbl YTCHUS U JOIMOJIHEHUS JaHHBIX,

a TaKKe HMHCTPYMEHTHI JJisi paboThl C JaTaceTamMu.

[Ipumep koaa, KOTOPBIN BBHIMOIHSET KiIacCU(UKAIIUIO

HU300pakeHU ¢ UCHoNIb30BaHUEM SqueezeNet, 1O-

ka3aH Huxe ([Ipumenenst Oubmmorexku Torch.NET,

Torchvision. NET, imageio.NET).

using System;

using System.Al;

using System.Ling;

using System.Collections.Generic;

using models = System.Al torchvision.models;

namespace Test

{

public static class Program

{

public static torch. Tensor load(string uri)
{
return torch.tensor(imageio.imread(uri)).
transpose(0,2).transpose(1,2).unsqueeze(0).@
float() / 255f;
/

#region imagenet classes
public static string[] imagenet classes = new
string/[]
{
<imagenet classes>
},.
#endregion
public static Dictionary<int, float>
f{OP5 (float[] p)

<get top5 code>

/
public static void Main(string/[] args)

{
var m = models.squeezenet! I(true);
var y = m.forward(load(args[0]));
var pred = get top5(y.squeeze(().dotnet() as
Sloat[]);
foreach(var p in pred)
{
Con-sole. WriteLine(imagenet_classes[p.
Key]),
/
Console.ReadKey(true),

/

get_

/
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Conv.NET. Conv.NET - 370 peanuzauus convnet.
Jjs s margopmel NET. HecmoTps Ha To, 94TO BO3-
MokHocTell Conv.NET HenoCTaTO4HO JUIsl peaiusa-
IIUM CIIOKHBIX COBPEMEHHBIX apXUTEKTYp HEMPOHHBIX
cereil, maHHast OMOIMOTEKa MOKET OBITh HCITOIB30Ba-
Ha B KaY€CTBE yUEOHOIA.

3. MeToanl

KitoueByto posnb B ycrexe W NMPUMEHUMOCTH
(peiiMBOpKa MAaIIMHHOTO OOyUYeHHS, KaK W JH00ro
JPYroro MpOrpaMMHOTO TPOAYKTa, HrpaeT dhdek-
TUBHOCTh KOja. Peanm3arusi KOMIIOHEHTOB HEWPOH-
HOU CETH B YIIPABIIIEMOM KOJI€ TIPEICTABISET 0COOBIH
HWHTEPEC, TOCKOJIBKY TpeOyeT HCIIOIIb30BAHUS PEIKO
HCIIOJIb3YEMBIX CTIEIM(PUISCKUX 0COOEHHOCTEH S3bIKa
u 1iatopMel. PaccMoTpuM moaxo, MCHOIL3yeMbIH
JUTSL peanu3aluu KOMIIOHEHTOB System.Al, Ha npuMe-
pe MaTpUYHOTO YMHOXKCHHUS.

e Ontumuzanusl aaroputMa € Y4eTOM apXHUTEKTYphI
BBIYUCITUTEIBHONU CUCTEMbI: MUHUMU3AIHS HETIOCTIe-
JIOBaTeJIbHBIX 00PAICHUH K ONIEPaTUBHOMN MaMSITH.

*  MHOronoToYHOCTb.

» TIpsmoii AOCTYH K 2JIEMEHTaM MaTpHIl Yepe3 yKa-
3aresu.

» IIpumeHeHue apupMeTUKH yKa3aTeieu.

* Bekropusanusi.

[MocnenoBarenbHOE BBIMOJHEHHE YIOMSHYTBIX
BBIIIIE ONTHUMM3ALMUNA MMO3BOJIAET MOJYYUTh MPUPOCT
MPOU3BOJIUTENIBHOCTH Oojiee ueM B 33 pa3a mo cpas-
HEHUI0 C KJIACCUYECKHM (HAMBHBIM) aJITOPUTMOM.
W3MmepeHus mpoBOAWINCH B 64-OUTHOM PEXHUME st
matpun 1000x1000.

Ta6n. 2
BnusHue pasnuyHbix NoAxo00B K ONTMMU3aumm koaa
Ha BPEMS! €ro BbINONHEeHUS

MeTon Bpems, mc Mpoussoan-
TeNbHOCTb

HaunBHbivi 3867 517,2 M®dnonc

+ Kaw 2633 759,6 M®rnonc
+ MHOronoTo4HocTb 903 2.2 T'dnonc
+ Ykasaresmn 531 3.8 I'bnonc
+ Apugpmetuka 261 7.6 Tdnonc
+ BekTopu3sauuns 117 17 F'dnonc

Cy1liecTBYeT HECKOIBKO CIIOCOO0B JalbHEHIIEro
MOBBILICHUSI MTPOU3BOAUTENBHOCTH, OJHUM M3 KOTO-
peix saBisercs ucnonb3zoBanue NET 5 win NET Core,
YTO 1M0o3BONMUT Oojee ¢ dexTuBHO, yeM B .NET 4.8 ¢
System.Numerics.Vector4, MCIONb30BaTh BEKTOPHBIE
HWHCTPYKIHH IIPOLeccopa.

[Tpu pazpabotke System.Al UCTIOAB3YIOTCS KOM-
MIPOMUCCHBIE PELIeHHUs, TO3BOJISIONINE TOOUTHCS MaK-
cuMaibHOU 3(PPEKTUBHOCTH MO MAMITH M BPEMEHHU.
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3avacTyio pa3pabaTbIBAIOTCS HOBBIC AaJTOPUTMBI U
nonxonbl. Hanpumep, B closix CBEPTKU HUCIIONB3YETCS
MOAM(UIIMPOBAHHBIA ANTrOpUT™M im2col: BMECTO H3-
BJICUCHHUS BCEX HEOOXOAMMBIX ISl CBEPTKH YYaCTKOB
BXOJHOTO U300paXECHHsI B MATPHILY C MOCIEAYIOIUM
YMHOXEHHEM 3TOW MaTPUIIBl HA MATPUILY siiep CBEPT-
KM, KaK 3TO MPOUCXOJIUT B U3BECTHBIX (hpeiiMBOpKax
m1yookoro obyuenus, B Torch. NET KaXOplid OTIENb-
HBII y4acTOK W300pa)KeHHs peodpa3yeTcsi B BEKTOP,
KOTOPBI HEMENJICHHO YMHOXAETCS Ha MAaTPHILy Be-
COB. DTO pelIcHHE MO3BOJSIET PAIUKATLHO COKPATUTh
00BEM 3aHUMAEMOU JTOTIOMHHUTEILHOW TMMaMSITH TSt
BBIYHMCIICHUSI CBEPTKHU, a TAKXKE JAEMOHCTPUPYET YpO-
BEHb IPOU3BOAUTEIHLHOCTH, CPABHUMBIA C ypOBHEM
Kiaccuyeckoro im2col. Mcnonb30Banue Takux TPro-
KOB BO3MOXKHO Onarojapst Tomy, uto System.Al He mo-
JlaraeTcsl Ha TOTOBBIE MaTeMaTHYeCKhe OUOIMOTEKH,
KaK 3TO JIeNIal0T MHOTHE IOA0OHbIE TPOLYKTHI, BMECTO
9TOTO BECh HEOOXOAUMBIN KO/ muIeTcs ¢ Hynsa Ha C#.

4. AITrOpuTMBI

BaxHbpIM yclOBHEM JOCTH)KEHHS BBICOKOHM IMpO-
W3BOAUTENBEHOCTH MPOTPAMMHOTO OOECTICUCHUSI SIBIISI-
I0TCs1 Xopolue anropuTMsbl. [Ipu pazpabotke System.Al
BBIOMPAIOTCA KOMIIPOMUCCHBIE PELLIEHUS I JOCTHKE-
HUS BBICOKOH (P(PEKTUBHOCTU MO BPEMEHH U MaMSTH.
Ocoboe BHUMaHHUE YNENsAeTCsl IrOpPUTMaM CBEPTOU-
HBIX clIO€B. B wactHOCTH, OBLT pa3paboTaH HOBBIN al-
ropuTM patch2vec, KOTOpBIi MpeaCcTaBIAeT COOOH KOM-
OMHAIMIO HAWBHOTO AJITOPUTMA CBEPTKU U MATPUYHOTO
im2col. Cmpicn GonbIIMHCTBA OBICTPBIX AJTOPUTMOB
CBEPTKHU, TaKWX Kak im2col mim im2row, 3aKItodaeTcst
B IMPUBEIEHUU CBEPTKH K MATPUYHOMY YMHOXKEHHIO,
YTO MO3BOJIIET ONTUMH3HPOBATh OMEpalMy JOCTYIa
K TaMATH 32 CYET MCHONB30BAHUS K3IIA MpOLeccopa.
Opnnako Takue MeTonbl TpeOyroT Oydep anst BpeMeH-
HBIX SJIEMEHTOB, YTO KpaiiHe 3arpaTtHo. [Ipennaraemsiit
MeTon (patch2vec) «Ha neTy» pa3BopauyMBaeT Kax bl
YYaCTOK BXOJHOTO HM300pakeHHs B BEKTOp, a 3aTeM
MIpUMEHSIET K HeMY Bce (PUiIbTphl CBEPTKU. DTOT alro-
pUTM He ycTymnaeT 1o 3(p(HEeKTHBHOCTH KIaCCHYECKUM
peleHusM Bpoje im2col, a Ha IpaKTUKe JTaKe MPEBOC-
XOJUT WX B HEKOTOPBIX cityyasix. Bydep ams atoro anro-
puT™Ma OyeT UMETh pa3Mep , YTO MHOTO MEHbIIIE, YeM B
Ccllydae aHaJIOTMYHBIX MeTooB. boree Toro, patch2vec
HE HaKJIaJAbIBACT OTPaHIMYCHUI Ha TapaMeTphbl CBEPTKH,
B OTIIMYHE, Hanpumep, oT MeTona LlImyans Bunorpana.
[Ipeanaraemplii anropuT™ TPYAHO BIIUCATh B KJIACCHYE-
ckue (PpeiiMBOpKH MAIIMHHOTO OOy4YeHUs U3-3a TOTO,
YTO OHU OPHUEHTHPOBAHbI HA HcHoab30BaHue GEMM B
KaueCTBE BHIUMCIUTENIBHOTO siipa. YNCThIe peanu3aun
Ha C# wim Apyrux s3bIKax MPOrpaMMHUPOBAHUS IT03BO-
JISIFOT JIETKO 3TO cJiefaTh. B pesynsrare aHammusa cyie-
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CTBYIOIIUX CTaTel Ha TeMy OBICTpPBIX CBEPTOK [16] [17]

OBUIO YCTaHOBIICHO, YTO TpeIaraéMblii aJrOPUTM SIB-

JsieTCsl HOBBIM U paHee He ObLT MPEeICTaBIIeH.
Patch2Vec.

[flactened kernale

I -H__H_‘_‘* waighted sum

=
Flattared inpat pateh
LITHTTUN] pmm==

B

! =

input featurss 5 e F,

et

“oonvolved patah

!

sutput featuces

Puc. 6. Nnnioctpauusa onepaunn BYMEPHONM CBEPT-
Kn metogom patch2vec.

Ha puc. 6 nokazaHa WUIOCTpalys IBYMEpPHOI
CBEPTKHU ¢ TOMOIIbI0 ayropuTMa patch2vec. Paccma-
TpUBaeTCs Clydail, Korna siapo cBEPTKU KBaJpaTHOE
U UMeeT pazMep 3x3, 1mar cUMMETpUYeH U paBeH 1,
paclupeHue sapa OTcyTcTByeT (=1), gomonHeHue
HYJSMHU OTCYTCTBYET, KOJIMYECTBO IPYII PABHO €IU-
Hulle. TeM He MeHee, aArOpUTM PaboOTaeT ¢ J0ObIMU
napaMeTpaMu, pa3pelIeHHbIMU ISl OIEPaLUK CBEPT-
ku. KpoMme Toro, 3TOT airopuTM Takxke MOXKET ObITh
IIPUMEHEH JUI1 OJHOMEPHBIX U TPEXMEPHBIX CBEPTOK.

Unes patch2vec cocrour B TOM, YTOOBI W3-
0aBUTbCA OT MHOTOKPATHBIX (paBHBIX YHCIY SAEp
CBEPTKM) OOpalleHuil K OTHUM UM TEM K€ IeMEHTaM
BXOJHOI'0 TEH30pa Ha KaxJOoM Inare cBEpTku. Bmecto
MHOTOKPATHOTO AOCTYINA K OIHUM U TEM K€ JaHHBIM,
PACIONOXKEHHBIM ~ HEMOCIE0BAaTeAbHO B  IaMSTH,
IpeAsaracMblii aIrOPUTM U3BIEKACT 3HAUCHUS BXOA-
HOTO TEH30pa, HEOOXOAUMBIE IJISi MPUMEHEHHS sIpa
CBEPTKU B JJAHHON TOUKe, U 3alUCHIBAET UX B Oydep
(maHHBIE PaCIOIOKEHBI IOCIEA0BATENBHO B MAMSTH),
HocJIe 4ero siipa CBEPTKY NPUMEHSIOTCA He K 00acTu
BXOJHOT'0 TEH30pa, a K 3HaUCHUSM, 3aMHCAHHBIM B Oy-
¢ep. B aToM cityuae Bce onepanuu JOCTyna K MaMaTH
IIPY BBIYMCIECHUH B3BELICHHON CyMMBI OyayT Hmocie-
JoBaTeNnbHBIMU. Vcnonb3oBanue patch2vec yMeHbla-
€T KOJIMYECTBO HEMOCIEJOBATENbHBIX OoOpalieHuil
namsaTi B k pa3 (rae k - xonmudectBo sinep CBEPTKH).
Takum 00pa3oMm, anroputM ocoOeHHO 3((heKTHBEH
pu OOJIBIIOM KOJIMUYECTBE SIIIEp.

Vec2Patch. Vec2patch - aTo anropurm, KoTopsIit
SIBISIETCS. IPOTUBOIIONIOKHOCTBIO patch2vec u mpen-
Ha3Ha4yeH 11 3(p(EeKTUBHOTO BBIYUCICHUS TPAHCIIO-
HHPOBAaHHBIX CBEPTOK U OOPATHOTO PacIIpOCTPaHEHUS
OIMOKU uepe3 OObIUHYI0 CBEPTKY. DdhexTuBHas
MHOT'ONIOTOYHAs peanu3anust vec2patch cnoxsa, mo-
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CKOJIBKY TpeOyeT CHHXPOHM3AIMU JOCTyIa K MaMATH
MpH MPOCIUPOBAHUN PE3YJBTHPYIOIIETO0 BEKTOpa Ha
00IacTh Pe3yNBTUPYIONIETO TEH30PA.

3akJil0ueHne 1 JaJibHelas padora

Ha paHHBII MOMEHT OCHOBHOM 3ajadeil sIBIIS-
eTcsl peanu3anusa nonHoro ¢yHkuuonana PyTorch B
o6udnuorexe Torch.NET. bera-sepcust Torch.NET Oy-
JIeT onyOnuKoBaHa B Ommkaiiee Bpems. Eme omxHol
BXHOU 3a/iadell sBISETCS TOOaBIICHUE TOANCPKKU
BBIUMCIIEHUH Ha rpaduueckoM npoueccope. s aTo-
TO TUTAHUPYETCS UCIONB30BaTh TexHojoruio OpenCL
- KpoccriarGopMeHHBIN CTaHAaPT, MOIEPKUBAEMBII
OOJIBIIIMHCTBOM COBPEMEHHBIX BUICOKAPT.

WcxonHble KOJbI, TBOMYHBIE (Dailyibl U TOKYMEH-
Talwusl, CBSI3aHHBIE C 3TUM IPOCKTOM, JOCTYIHBI Ha
GitHub nox numensueit Apache-2.0: https://github.
com/ColorfulSoft/System. Al
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Introduction

This article is a continuation of a series of publi-
cations devoted to robust machine learning models [1,
2]. It was prepared as part of the project of the Depart-
ment of Information Security of the Faculty of Com-
puter Science of Moscow State University named after
M.V. Lomonosov on the creation and development of
the master’s program “Acrtificial Intelligence in Cyber-
security” [3].

The special impact on the elements of the pipe-
line of machine learning systems is called attacks on
machine learning systems. Among such influences, the
so-called adversarial attacks stand out. This is a spe-
cial change in the input data, designed to change the
operation of the machine learning system (“‘cheat” the
system) or to achieve its desired behavior.

Adversarial attacks rely on the complexity of
deep neural networks and their statistical nature to find
ways to exploit them and change their behavior. There
is no way to detect malicious activity with the classic
tools used to protect software from cyber threats. Ad-
versarial attacks manipulate the behavior of machine
learning models. Most of the examples relate to work-
ing with images, but in reality, there are examples of
attacks on text analysis systems, audio data classifica-
tion (speech recognition), and time series analysis. In
general, they can be considered as some universal risk

* This research has been supported by the Interdisciplinary Scientific
and Educational School of Moscow University “Brain, Cognitive Sys-
tems, Artificial Intelligence”.
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for machine learning (deep learning) models [2]. There
are various attempts to explain the nature of their ex-
istence. According to one hypothesis, adversarial at-
tacks exist due to the non-linear nature of the systems,
which leads to the existence of some data areas not
covered by the generalization algorithm. According to
others, it is, on the contrary, retraining of the system,
when even small deviations from the training data set
are processed incorrectly.

The term adversarial attack is often used loosely
to refer to various types of malicious actions against
machine learning models. And the term adversarial ex-
ample describes the data used in an adversarial attack.
The formal definition of a threat model for a classifica-
tion problem (it is a typical use case for so-called crit-
ical applications) could be described via the following
set of statements. Suppose we have an initial data set
X and a finite set of class labels 7, it is necessary to
find a mapping /> X — Y. This mapping f'is vulnerable
to adversarial attacks when there is a mapping 4 such
that for any x € X there exists ¥ = A(x) for which
f(X)# y, given that f(x) = y.

The construction of adversarial examples, clas-
sically, is the search for minimal perturbations of the
correct input data, which change the operation of the
classifier. In this case, the search for such perturbations
is performed purely formally (L-norms for images). In
the article, we consider the issues of meaningful gen-
eration of test cases for machine learning systems in
the form of so-called counterfactual examples. There
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are already a fairly large number of publications on
this topic, but not all of the proposed approaches are
really useful or even just applicable. The purpose of
this work is to present exactly the approaches actually
used in practice.

Common to all machine learning systems is, ob-
viously, only the presence of a pipeline with standard
stages: data selection (selection), model training, and
testing (practical use) of the trained model. At each
stage, developers have a sufficient selection of ready-
made tools. On the one hand, this is undoubtedly a big
plus. And technically, it’s hard to imagine that there
will be a single model, a single data cleansing tool,
and so on. But, on the other hand, the practice of IT
(and machine learning systems are, of course, IT sys-
tems) suggests that it is necessary to reuse models,
architectures, etc. For economic success, IT projects
cannot always be unique and must reuse some solu-
tions (components of other solutions). For machine
learning systems, an example of such reuse is AutoML
solutions [36], where solutions are selected (fixed) for
all individual elements of the machine learning pipe-
line. It is the requirements of reuse (in fact, these are
economic requirements - the need for rapid imple-
mentation) that make it important to develop practi-
cal recommendations for reusable implementations of
individual elements of the pipeline. And first of all, it
is some standard (de facto standard) architectural solu-
tions that are important. For many positions, we have
many implementations that differ in quite specific as-
pects, and the question of choosing a specific imple-
mentation is not the most important one. Much more
important is the overall solution architecture.

In this paper, we consider one of the elements of
the machine learning pipeline - testing machine learn-
ing systems. Such testing is obviously different from
traditional software testing. First of all, because the
nature of the results of a machine learning system is
probabilistic in nature, the basis for the results (con-
clusions) often cannot be not only verified, but simply
obtained. The contribution of this article is architectur-
al solutions for the so-called adversarial testing, that
is, the search for data examples that cause machine
learning systems to work incorrectly. In addition to
justifying the architecture itself, we provide examples
of the use of specific software products. It should be
noted that, as examples, they illustrate the proposed
approach, but, of course, are not exclusive.

More generally, the task we are solving is to
build a trusted environment for the development
of artificial intelligence systems [37]. Such envi-
ronments, in the end, are sets of products (software
systems) that affect different aspects of the machine
learning pipeline, designed to increase confidence in
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the results of the developed machine learning models.
These products include, for example, tools for adver-
sarial attacks [38], formal verification of machine
learning models [1], data cleansing, and so on. Nat-
urally, testing and adversarial testing are necessarily
part of such an environment. To avoid being tied to
specific vendors, and to enable the development of
critical applications, we consider only systems with
open source, which can be modified if necessary. The
article discusses the choice of products for testing
machine learning systems.

The remainder of the article is structured as fol-
lows. Section II describes the actual approach to using
counterfactuals. Section I1I focuses on the use of coun-
terfactuals in machine learning. Section IV compares
counterfactual and adversarial examples. Section V
contains direct guidance on practical application.

1. On counterfactual examples

The use of counterfactuals has become a hot and
popular topic in the machine learning community for
many reasons such as explainability, interpretability,
checking algorithmic fairness, etc. The general idea is
clear enough. If we have a known output of the mod-
el, that is, for a given input, we know the output (the
result of work) of the model, then we will be interest-
ed in the change in this output (result) when the input
changes. Under what input data (what changes in input
data) will the output change?

So, there are several models (and definitions) for
the counterfactuals. For example, in the classification
task, an example counterfactual explanation provides
the following information: “for an example that be-
longs to class 4, what changes do we need to make
to the input so that the output will be classified as B”.
As per another definition, if we consider 4 and B to
represent events or facts and 4 precedes B in time in
the statement “A4 and B is true”, then the counterfac-
tual statement is ‘If 4 had not occurred, B would not
have occurred’. So, a counterfactual analysis can help
to find whether 4 is a cause of B (it is by supposing the
non-occurrence of 4 and seeking for the effect of this
assumption on B.

In NLP a counterfactual example is defined as
synthetically generated text which is treated different-
ly by a condition model. For example, given the text
“This program is written in Python”, the counterfac-
tual text becomes “This program is written in Java”.
If we know how the original sentence was classified,
then how the counterfactuals will be classified?

In fact, we are talking about the conclusion that a
small change in the data changes the output (result) of
the work. This obviously coincides with the definition
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of the robustness of a machine learning model. Adver-
sarial examples, in particular, are looking for precisely
the minimum possible changes in the initial data that
change the operation of the model. Accordingly, at
least in theory, counterfactuals can be used to test the
robustness of a machine learning model as well as for
studying (checking) the fairness and transparency of
algorithms. Counterfactual examples as tests should
be more understandable (interpretable) as we tie them
to some real conclusion. These examples will be creat-
ed based on the interpretation (explanation) of the real
conclusion (the result of the model).

In order to discuss counterfactuals, we have to
turn to causality. The ability to understand causal rela-
tionships and to reason from them is one of the main
human abilities [4]. Understanding physical causal
relationships are fundamental to using any tool [5].
For example, people to people management (rela-
tions) is based on the understanding of psychological
causal relationships. In many works, it is noted that
it is convenient for human psychology to explain any
conclusions by means of contrasting rather than direct
explanations. We can explain, for example, a certain
classification by giving reasons why only a certain
class is chosen and why others are rejected. In oth-
er words, the explanation can be based on the choice
and rejection of specific alternatives (results). This
“discriminatory” explanation is counterfactual. For
a machine learning system, counterfactual examples
are input data that changes the result (classification,
solution). The academic literature notes that this ap-
proach is more in line with emerging regulatory con-
straints, such as the General Data Protection Regula-
tion (GDPR) [20]. The counterfactual approach helps
to establish three important characteristics of the inter-
pretability of models:

* determine how the interpretation of the model was
made,

» provides opportunities for correcting unfavorable
decisions

» provides hints for obtaining expected results in
forecasting

As it is stated in [4], causal understanding thus
maintains the kinds of cognition that have been pro-
posed as part of the distinctively human cognitive
toolbox. And in both the physical and psychological
domains, causal knowledge is linked with sophisticat-
ed inferences about the counterfactual past. There are
two distinctive features of causal knowledge, which
are captured by causal models [4]:

1) causal knowledge supports a distinctive set of in-
ferences involving interventions and counterfactu-
als. So, causal knowledge supports counterfactual
claims;
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2) causal knowledge involves not only specific rela-
tions between particular causes and effects but co-
herent networks of causal relations.

And one of the main statements from [4]: “coun-
terfactual and intervention reasoning, and Bayesian
learning all involve the same cognitive machinery:
the ability to consider events that have not occurred”.
This is, in fact, a direct reference to the basic idea of
machine learning. We train the network on a training
dataset with the idea that a generalization will be built
that will work correctly on the rest of the data, which,
generally speaking, are unknown to us. We want to
generalize the learning outcomes for the entire general
population. That is, train the network to process data
(events) that do not yet exist.

2. The usage of counterfactuals
in machine learning

Counterfactual explanations are gaining attention
as a way to explain the decisions of a machine learning
model. There are several technical ways to generate
and evaluate counterfactuals, such as feature-based
explanations, prototype explanations, example-based
explanations, or causal explanations [6].

We define a feature-highlighting explanation as
an explanation that points to specific features in the
model that matter to the individual decision. Of course,
each type of feature-highlighting explanation may de-
fine this “matter” differently. There are two types of
feature-highlighting explanations: counterfactual ex-
planations and principal reason explanations. Princi-
pal reason explanation is defined in [8] as the reasons
defined by law. Or more broadly, we could describe
them as reasons based on some predefined set (some
vocabulary).

The goal of counterfactual explanations is to ex-
plain how things could have been different, as well as
provide a set of features changes for reaching a dif-
ferent output of the model in the future. Counterfac-
tual explanations are generated by identifying such
features that, if minimally changed, would alter the
output of the model. For example, counterfactual ex-
planations are trying to find the “nearest” hypothetical
point that is classified differently from the point cur-
rently in question [7].

In other words, identifying the set of features
results in the desired prediction while remaining at a
minimum distance from the original set of features de-
scribing the individual [7]. It is illustrated in Fig. 1.

Suppose we are going to present counterfactual
explanations for classification models, which are func-
tions mapping input feature vectors x € X into label
ce{C,C, . C} Actually, the most of research
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papers in this area have applied counterfactual expla-
nations to classification tasks. Given a classification
model [7]

f:X—>{C,C,..C}

n

we can define the set of counterfactual explanations
for a (factual) input ¥ € Xas CF,(X) = {x € X|f{x) #
f{x)}. In other words, CF ( X ) contains all the inputs x
for which the model freturns a classification different
from f( X ).

For prediction models, this is defined similarly,
only the mapping will be carried out into the set {0, 1}

Based on the above-defined counterfactual space
CFf(x ), we would like to produce counterfactual ex-
planations for the output of a model f on a given input
by trying to find a nearest counterfactual, which is de-
fined as: X * € argmin d(x, X) for x € CF(X)

Plausibility Diversity
Model f Formula Formula T
(a8 program) O “w-._‘_ P '.\ \
Input ™ - (‘Um‘m'm“.lu"l \ A f'mnn;w-ﬁu'nm]
(&) —m— I::r{nm]u _<| SN)'!T Solver |— iy
. POF () /
. -

Distance -~

™~
Distance o = r .
p . Compiler Formula
{as program)
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Fig. 1. Architecture Overview for Model-Agnostic
Counterfactual Explanations (MACE) [7]

Prototype-based counterfactual explanations
are discussed in the paper [9]. Since we cannot in-
terpret the black box, our first task is to create an
interpreted view for it. This is exactly what proto-
typing-based methods do. The work of the black
box is being prototyped. As a first step, we need to
find a representative dataset. The maximum mean
discrepancy (a distance on the space of probability
measures) is used to calculate the representativeness.
After that prototype-based explanations provide the
nearest prototype as explanations for a given test
instance [10]. In some papers, a similar approach is
called an example-based explanation: example-based
approaches seek to find data points in the vicinity of
the explainee data point. They either offer explana-
tions in the form of data points that have the same
prediction as to the explainee data point or the data
points whose prediction is different from the explain-
ee datapoint [11]. In other words, example-based ap-
proaches are another kind of explainability technique
used to explain a particular outcome.

In general, the explainability problem for ma-
chine learning systems can be presented as model
explanation or outcome explanation problems. As per
definition, a model explanation is about an interpreta-
ble and transparent explanation of the original model.
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As the developed techniques for neural networks
explanations, we could mention decision trees [12, 13]
and rule sets [14, 15]. As per software tools, there are
some model-agnostic packages. For example - Partition
Aware Local Model (PALM) [16]. PALM allows you to
study the structure of model conclusions using its ap-
proximation by surrogate models. This is to some extent
a general approach, also called partial modeling in the
literature. In such a model, we are trying to approximate
the general black box with “understandable” models.
This, in particular, should help in debugging models.
PALM approximates a neural network using a two-part
surrogate model, which includes a meta-model that par-
titions the training data, and a set of sub-models that ap-
proximate the patterns (solutions) within each partition.
The paper [17] describes an approximation algorithm,
GoldenEye, to select sets of attributes that influence
the work of the classifier. In fact, this is combinatorics,
when the possible combinations are sorted out.

Outcome explanation needs to provide an expla-
nation for just a specific prediction from the model.
This type of explanation does not affect the internal
logic of the models, but only deals with inferences.
There are model-specific approaches like Grad-CAM
[18] and model agnostic approaches like LIME [19]
have been proposed. All of them are provided either
feature attribution or model simplification methods.

3. Counterfactual and adversarial examples

In general, the performance (the predictive of
classification performance) for any machine learning
model is based on the assumption of a statistical sim-
ilarity of the distributions of training and production
(testing) data.

Note that in the general case, the general set of
data is unknown to us. Accordingly, it is unknown not
only how the training and test data correlate with each
other, but also how the test and training data separately
correlate with the general population.

In the classic example [22], we have (an actually
unknown) some sine curve, the test and training data
for which just happened to be on different crests (Fig.
2). Both the training and test data are perfectly (very
accurately) approximated by some straight line, but
these are completely different straight lines (different
angles of inclination).

And in the general case, we cannot assume sim-
ilar distributions. The only way to somehow guaran-
tee this, obviously, involves exhaustive knowledge of
the population. In some tasks, this is really possible,
but this is usually the point that is not discussed in the
works on machine learning, although, of course, it de-
serves separate consideration.
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Since, in fact, when creating a model, we only
know the training data and, accordingly, their statisti-
cal characteristics, studying the operation of the model
on data whose distribution differs from the distribu-
tion of the training data looks like a natural process.
As noted in [23], evaluation of out-of-distribution data
1s a common practice in NLP and image proceedings.

« [lraining samples

Test samples
L

L]
[ ]
[Tue function

Fig. 2. Training and test samples [22]
And the reason for this is the different distributions
of test and training data (Fig.3).
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Fig. 3. Distribution shift [22]

One fact may be noted here. Model errors (poor
generalization) are often associated precisely with
what is called network overtraining [24]. This happens
when the models rely on some training dataset-specific
biases and artifacts rather than intrinsic properties of
the data. When these biases do not exist in the pro-
duction data, the performance of the models can drop
dramatically. The keywords here are “intrinsic prop-
erties”. And the way to identify them is just counter-
factual examples. We change the data, the solution of
the system is reversed, which allows us to assume that
the changed (deleted) data are the main characteristics
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based on which the machine learning model makes a
decision.

In ideology, this is similar to competitive ex-
amples, but their search is carried out not through a
sequential selection of modifications that change the
solution, but by one-time changes that change the
“meaning” of the image. The emphasis is on pairs: the
image and its counterfactual example(s).

In this connection, we could cite works that dis-
cussed generalization from a causal perspective [25,
26]. To provide generalization, the model must reflect
the real causal mechanisms behind the data.

One practical example that can be mentioned
(and actually used) in this situation.

Fig.4. Attention areas [27]

Using the well-known approach for evaluating
areas of the image that attract attention [27], one can
try to build counterfactual examples by removing just
these areas. In this work, this was illustrated by a ten-
nis player, where attention was drawn to the racket and
the surface (Fig. 4). Strictly speaking, it was on these
parts of the image that a person evaluated the image.
In our case, this was used on a traffic sign recognition
system (Fig. 5), and images (Fig. 6)

The counterfactual examples constructed in this
way were used for adversarial training and increasing
robustness.
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Fig.5. Road sign: original (left) and counterfactual
(right)

Fig. 6. Images: original (left) and counterfactual
(right)

Summarizing these results, we can say that coun-
terfactual examples are adversarial examples built with
image semantics in mind. If we talk about the classical
form of constructing adversarial examples, then we
operate with pixels in the framework of L-norms, and
not with image fragments. Of course, we should be
talking about data in general here, but in practice, we
are talking about images (as in the vast majority of
works related to sustainable machine learning) and, as
discussed in the next section, texts.

Note that the analysis of the content of images
corresponds to the ideas outlined in the pioneering
work [28], where the authors propose a new model for
deep learning based precisely on enlarged fragments.
The current state of research suggests that, within the
framework of per-pixel processing, the robustness of
machine learning systems cannot be ensured.

4. On practical examples

Which in the end can be used to prepare counter-
factual examples in practical applications?

A. Counterfactual examples for texts

Counterfactual examples for text represent the
simplest and most clearly interpretable model. Several

approaches to generating such examples are described
in the literature, in a simple form they can be present-
ed:

If we have a sentence in the “Who did what” for-
mat, then building a counterfactual example is, in fact,
a well-known exercise from foreign language text-
books - “make a new sentence that denies the original
statement (“No one did it” format)

For example, such negation formats are given in
[29] for the source text “I am very disappointed with
the service”:

There is practically no difference between the
approaches, since technically they do pretty much the
same thing. As an example of software (a toolkit that
can be used in your own projects), you can cite, for
example, Checklist [30].

It is a system built on the basis of templates. Here
is a typical example (source data https://github.com/
marcotcr/checklist)
import checklist
from checklist.editor import Editor
import numpy as np
editor = Editor()
ret = editor.template(‘ {first name} is {a:profession}
from {country}.’,
profession=[ ‘lawyer’, ‘doctor’, ‘accountant’])
np.random.choice(ret.data, 3)
and here is the result:

[‘Mary is a doctor from Afghanistan.’,
‘Jordan is an accountant from Indonesia.’,
‘Kayla is a lawyer from Sierra Leone.’]

To generate the Checklist uses the set of pre-
defined templates, lexicons, generic perturbations,
and context-sensitive sentences. The main limitation
of these pattern-based or rule-based approaches is that
they cannot generate meaningful diversity [29].

Token-based Substitution in Table 1 uses either
single word replacements or some templates to generate
multiple test cases. Adversarial examples, as usual, do not
evaluate the text at all (do not appreciate the meaning).

Other approaches are used, for example, to gen-
erate text GPT-2, BERT, or bag-of-words models [31].
In general, we can characterize this direction as quite
developed from a practical point of view, with ready-
to-use tools.

B. Counterfactual examples for images

Originally, Search for EviDence Counterfac-
tual (SEDC) is the model-agnostic search algorithm

Table 1

TEXT COUNTEFACTUALS

Input Sentence Token-based
Substitution

Adversarial attack

Controlled
Counterfactual Generation

| am very pleased with the service.
| am very happy with the service.

I am very impressed with the service.
I am very witty with the service.

I am very happy with this service.
| am very pleased with the service.
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(SEDC) to find counterfactual explanations for doc-
ument classifications. According to this algorithm, the
explanation can be considered as an irreducible set
of characteristics (for example, for text documents —
words), which, in their absence, would change the
classification of the document.

The modification presented in [32] as a set of
characteristics uses segments into which the original
image is divided. As noted above, for images, again,
not pixel processing is used, but manipulations with
significant elements of the image. Accordingly, the
explanation for an image is an irreducible number of
segments, the removal of which will change the classi-
fication of the image.

As per [32], consider an image / assigned to class
¢ by a classifier C the objective is to find a counterfac-
tual explanation E as an irreducible set of segments
that leads to another classification after removal. For-
mally:

E < I (segments in image)
C(I\ E) # c (class change)
V E'cE:C(I\E’)=c (irreducible)

The counterfactual explanation, in this case, is
the classification of the image that is obtained after re-
moving the segments.

The original work thus defined the “minimal”
image, which was still classified as an “airplane” (fu-
selage without wings). Approaches similar to this have
been illustrated above.

In [33], with the telling title “Explanations based
on the missing”, this is described as pertinent positive
(PP) and pertinent negative (PN). The PP is a factor
that is minimally required for the justification of the
final decision and the PN is a factor whose absence is
minimally required for justifying the decision.

The basic implementation of SEDC is represent-
ed by the resource [34]. In the basic case, the image is
segmented, and then the segments are removed one by
one until the classification of the remaining “image”
changes. In a modified version of SEDC-T [32], seg-
ments are also removed one at a time, until the clas-
sification reaches the specified value. In other words,
SEDC-T gives a more detailed explanation of why the
image is not predicted as the correct class (removing
which segments leads to a given misclassification).

As for the actual segmentation of images, many
approaches can be used here, in addition to the atten-
tion map presented above. In fact, you can use a sim-
ple grid to divide the image into segments or use more
complex approaches that are widely presented in open
implementations [35]. The obvious advantages of se-
mantic segmentation are the possible explainability of
the results and the ability to use the results for physical
attacks (for example, to hide part of the image with a
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patch). We also note that semantic image segmentation
is also present in popular packages for machine learn-
ing, such as Keras and Tensorflow [39].

C. Counterfactual examples for sounds

Counterfactual examples for sound classification
present a more exotic challenge. In practice, we can
only give an example from [21]. Here, the validity of
automatic speech recognition (ASR) models was stud-
ied. The same text was recorded in different voices (for
different ethnic groups, different sexes, and ages). At the
same time, the work of the recognition system should
not be disturbed. The paper practically shows that the
widely used automatic speech recognition systems are
unfair, since some groups of users had a higher error
rate than others. One way to define fairness in ASR is to
require that changing any person’s demographic group
(for example, changing their gender, age, education, or
race) does not change the probability distribution be-
tween the possible speech-to-text transformations. In
the counterfactual justice paradigm, all variables that
do not depend on group membership (for example, the
text read by the speaker) remain unchanged, while vari-
ables that depend on group membership (for example,
the speaker’s voice) change counterfactually. Therefore,
one can attempt to achieve a fair ASR performance by
teaching the ASR to minimize the change in the proba-
bilities of recognition outcomes despite the counterfac-
tual change in human demographics.

Conclusion

In this article, we focused on generating adver-
sarial tests for machine learning systems. As we noted
in previous works, testing machine learning systems is
robustness testing.

Traditional methods, considered as an optimi-
zation problem of finding the smallest modifications
that change the results of the classification, give, in
the end, very limited results in terms of increasing
stability. And, most importantly, the proposed modifi-
cations are completely artificial by their nature, in no
way connected with possible attacks. In this regard, in
this paper, we justified the use of counterfactual exam-
ples for generating tests, since they are related to the
semantical analysis of data.

The purpose of this paper was to present practical
reusable solutions for generating counterfactual exam-
ples for various types of input data. The result of our
research, based on the practical use of various prod-
ucts, is the presentation of a pipeline for constructing
counterfactual examples in image recognition and text
classification problems.

Creating counterfactual examples for text clas-
sification is currently a purely technical task. The
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question is only in choosing the most convenient soft-
ware implementations. The algorithms are quite trans-
parent and can be built into your own applications.
We propose to use template-based systems, like the
above-mentioned Checklist.

In terms of building counterfactual examples for
images, the best choice, in our opinion, is the semantic
segmentation of images. We propose to use the open
source implementation of SEDC-T. Alternative meth-
ods to some extent reproduce approaches to construct-
ing adversarial examples and are based on a formal
assessment of the change in the quality of the system
when modifying images.

Counterfactual examples for sound classification
(important, for example, for biometric identification
systems) are the least developed area. To date, we
cannot offer practical solutions in this direction. One
reason for this is the nature of existing classification
systems, which rely on various artificially created
characteristics. For example, wavelet transforms, etc.
With their use, the reverse transition to modifications
of the original sound characteristics becomes unclear.

We are grateful to the staff of the Department of
Information Security of the Faculty of Computational
Mathematics and Cybernetics, Lomonosov Moscow
State University for valuable discussions of this work.
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Abstract. This article provides a detailed overview of the so-called Model Inversion(MI) attacks. These
attacks aim at Machine-Learning-as-a-Service (MLaaS) platforms, and the goal is to use some well-pre-
pared adversarial samples to attack target models and gain sensitive information from ML models, such
as items from the dataset on which ML model was trained or ML model's parameters. This kind of attack
now becomes an enormous threat to ML models, therefore, it is necessary to research this attack, un-
derstand how it will affect ML models, and based on this knowledge, we can propose some strategies

that may improve the robustness of ML models.
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Introduction

With the development of Machine Learning(ML)
and the increase of data size, a large number of ML
models have been created and utilized in many parts of
human life, we define these models as Machine-Learn-
ing as a service(MLaaS). Among these models, there
is a kind of models that utilize personal privacy-sensi-
tive information as training data and provide services,
such as medical applications(analyze one’s medical
index and provide medical suggestions) and facial rec-
ognition applications(analyze given figure and return
name & confidence-value).

Since there are many privacy-sensitive values
stored in these models, there are also many malicious
attackers who try to gain this privacy-sensitive infor-
mation from ML datasets (usually we call these attack-
ers Adversaries). Therefore, privacy risk becomes an
important part of ML models, researchers and MLaaS
providers start to try to utilize ML to preserve this pri-
vacy-sensitive information from adversary attacks,
which creates a new section of ML called: Priva-
cy-Preserving Machine Learning(PPML).

Model Inversion(MI) attack is one of the meth-
ods in PPML, which inverts the process of training
data into an ML model. The threat, in this case, is po-
tentially exposing data from the training set, which can
contain private information, to the adversary. Although
there are many types of MI attack methods that have
been created, the main issue is: MI attack is unaware
of the victims.

* The work was carried out as part of a project to create a trusted envi-
ronment for the development of artificial intelligence systems [39][40].
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Unfortunately, the existing countermeasures can
only defend against the corresponding attack, which
means, to improve the ML model’s robustness, we
have to apply several countermeasures simultaneous-
ly, this is also a passive approach because we can’t
preserve our model from unrevealed attacks. Since to
find out if our model is under attack as soon as possi-
ble, maybe we can create a MI attack detector.

For this detector, we hope we can develop one
which can detect not only existing attack methods but
also unrevealed attack methods or behavior that act like
MI attacks. This will be hard work because attack meth-
ods can upgrade very quickly and their features are var-
ious. In section Summary and Future Works, we discuss
some attributes that the detector should possess.

This research has been supported by the Interdis-
ciplinary Scientific and Educational School of Mos-
cow University “Brain, Cognitive Systems, Artificial
Intelligence”.

1. The Model Inversion Attacks
and countermeasures

1.1. The Model Inversion(MI) attacks

The Model Inversion(MI) attacks are mainly
aimed at the currently popular MLaaS service model,
it refers to an attacker extracting information related to
training data from the model prediction results.

A simple deployment of a model inversion attack
is presented in Fig.1.

To perform a model inversion attack, the adver-
sarial user will be based on his knowledge of the target
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Fig. 1. How adversarial users use ML model

model (0 knowledge - black box, has some knowledge
— grey box or white box), and use some well-prepared
samples(called adversarial samples) to attack model. As
result, adversarial users can get the model’s parameters or
some samples that are used to train this model.

1.2. Why do we research this kind of at-
tack?

As we said in the Introduction, model inversion
attack becomes a huge threat to the ML model, and
so far we don’t have a mature defensive strategy that
can defend against several existing model inversion at-
tacks. So, for the safety and robustness of ML models,
we have to learn model inversion attacks, trying to un-
derstand how this kind of attack affects the ML model.
Then, based on this information and acknowledgment,
we might be able to create some effective countermea-
sures or improve our ML models.

More mathematical definition for MI attack

In [1] has a more mathematical definition of MI
attack:

Theorem 1. MI attack is a machine learning problem

and specified as a triple (Z, H, [), (Z, a sample space;

H, hypothesis space; [ HXZ -> R, a loss function) with

the following notations:

1) I': A training algorithm of the learning problem,
which outputs a hypothesis I'(S) € H on an input
training set S.

2) Dq: A distribution over the training set S.

3) t: The objective function computed by the adver-
sary. For now, one can view it simply as some func-
tion that maps Z to {0, 1}".

4) gen, sgen: Auxiliary information generators. They
map a pair (S, z) to an advice string in {0, 1}".

The MlI-attack world is described by a tuple (A,
gen, 1, S, D, I), where the adversary (A) is a proba-
bilistic oracle machine. The following game is played
between the Nature and the Adversary A.

gain (A, gen, 7, S, D, I') = Pr{A™(gen(S, 2))=1(2)] (1)

where the probability is taken over the randomness
of z~ D, the randomness of gen, and the random-
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ness of A.

The simulated world is described by a tuple (A",
sgen, 1, S, D,), where the adversary (A”) is a non-or-
acle machine and sgen is the second auxiliary infor-
mation generator. The game between the Nature and
A’is:
sgain(A”, sgen, 1, S, D) = Pr[A” (sgen(S,z))= 1(2)] (2)

where the probability is taken over the randomness of
7~ D, the randomness of sgen, and the randomness of A”.

1.3. Classification of MI attacks

For the needs of taxonomy, typically, we can
classify client-side access as being either black-box
or white-box. In a black-box setting, an adversarial
customer will create prediction queries against a mod-
el, however not transfer the model description. In a
white-box setting, an adversarial customer is allowed
to transfer an outline of the model.

1.4. Attacks & countermeasures

The Fredrikson et al. attack Widely accepted,
the first MI attack was realized by Fredrikson et al.
in [1]. The Fredrikson et al. attack is to use auxiliary
information and confidence value given by the model
prediction to guess the true value of the privacy-sensi-
tive feature. The weakness of the attack is also clearly:
1) adversary knows the target feature(for example, its
domain), a large domain means more combinations
adversary have to try; 2) adversary have to know as
much auxiliary information as he can, same reason
as 1), less information about the victim means more
combinations to try; 3) adversary has infinite access to
the model because he has to correct the guessing value
with the help of confidence value, a higher confidence
value means our guessing value is closer to the true
value. In a word, the Fredrikson et al. attack can real-
ize only under many restrictions.

The author gives countermeasures for both de-
cision trees and facial recognition. For decision trees,
the level at which the sensitive feature occurs may af-
fect the accuracy of the attack, and it may be possible
to design more sophisticated training algorithms that
incorporate model inversion metrics into the splitting
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criteria to achieve resistance to attacks without unduly
sacrificing accuracy.

For facial recognition, one possible defense is to
degrade the quality or precision of the gradient infor-
mation retrievable from the model, and also, black-
box facial recognition models can produce confidence
scores that are useful for many purposes while remain-
ing resistant to reconstruction attacks.

MI attack for deep networks Fredrikson et
al. established that model inversion attacks include
a smart performance on decision tree and face recog-
nition [1]. However, for deep networks, these proce-
dures sometimes cause unidentifiable representations
that square measure useless for the opponent [4]. So
that they introduced a more realistic definition of mod-
el inversion and leveraged properties of generative ad-
versarial networks for constructing a connected low-
er-dimensional manifold.

MI attack: wherever the opponent is attentive to
the final purpose of the attacked model (for instance,
whether or not it’s an associate degree OCR system or
an automatic face recognition system), and the goal
is to seek out realistic category representations among
the corresponding lower-dimensional manifold (of,
separately, general symbols or general faces).

In [4], the approach is based on Generative Ad-
versarial Network. A Generative Adversarial Net-
work(GAN) is a min-max game between two neural
networks: generator (G,) and discriminator (D,)- The
generator (G,) takes random noise z as input and gen-
erates (G,(z)). The discriminator ®,) distinguishes
between real samples x and fake samples coming from
(G,). The objective function for the min-max game be-
tween (G,) and (Dq)) is:

mingmax,E,. p []UE (Uq. [x])] T

+Eypiy |1~ 10g (D4 (Go(2)))] 3)
where P_is the real data distribution, and P is a noise
distribution which is typically a uniform distribution
or a normal distribution.

Obviously, different images should belong to
their disconnected manifolds without ant paths of
“blended” images between them. However, in GAN,
the generator function maps from a connected distri-
bution space to all possible outputs, which results in a
connected output set of instances. This is an emblem-
atical disadvantage of GANs and various techniques
to partition the input into disjoint support sets have
been used to address this issue. And [4]’s approach is
to leverage this drawback to search in the low-dimen-
sional space P_(real data distribution) of all possible
images.

With some natural knowledge about the underly-
ing target system, an attacker can use this GAN-based
approach for retrieving representative and recogniz-
able samples of individual classes. For the counter-
measures, the author suggests that a security-based
biometric identification system might classify away
the larger set of faces so that the faces that are relevant
to security verification are effectively hidden sort like
a needle in a very rick. The key downside here is to
take care of adequate classifier accuracy because the
variety of categories will increase.

Also, in the conclusion, the author proposes a
prospective research direction is to consider ways to
develop a robust defense against model inversion at-
tacks without affecting the model accuracy. This could
be difficult since model inversion doesn’t involve pro-
tecting any specific instance, and the defense should
protect all the representative pictures that are part of
the manifold used for training.

Generative Model-Inversion Attack For deep
neural networks, there is another attack method that
uses GAN. In [6], the author presents a novel attack
method, termed the generative model-inversion attack,
which can reverse deep neural networks with high suc-
cess rates. Rather than reconstructing private training
data from scratch, the author leverage partial public
information, which can be generic, to find out a dis-
tributional prior via generative adversarial networks
(GANs) and use it to guide the inversion method
(Fig.2). The author also shows that differential priva-

Discriminator
Generator f
Auxiliary " = " — ]
knowledge ---‘"';.- e~ s - --'"'_:::F Prior loss
_——
— i
Rﬂwl:rr:d-.imasi:;
D - T Identity loss
L identit ————= . -
it N Target Network

Blurring Center Mask

Target labels

Fig. 2. Overview of the proposed GMI attack method [6]
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cy, in its canonical form, is of little avail to defend
against their attack.

In this paper, the author focuses on the white-box
setting, where the adversary is assumed to have access
to the target network f and employs some inference
technique to discover the options x related to a particu-
lar label y. To recover those images, the reconstruction
process consists of two-stage: (1) Public knowledge
distillation, which trains the generator and therefore
the discriminators on public datasets to encourage the
generator to get realistic-looking pictures. The public
datasets may be untagged and don’t have any identity
overlapping with the personal dataset;(2) Secret rev-
elation, in which create use of the generator obtained
from the primary stage associated solve an optimiza-
tion drawback to recover the missing sensitive regions
in a picture. In stage 1, the author leverage the canoni-
cal Wasserstein-GAN training loss:

mingmaxplygen (G, D) =

E,[D(x)] - E,[D(G(2))] 4)

when the auxiliary knowledge(blurred or corrupted
version of the private image) is available to the attack-
er, let the generator take the auxiliary knowledge as an
additional input. In the second stage, the author solves
the following optimization to find the latent vector that
generates an image achieving the maximum likelihood
under the target network while remaining realistic:

i = argmingLppo, (2) + AL (2) (%)

where the prior loss L. (z) penalizes surrealistic pic-
tures and therefore the identity loss L, (z) encourages
the generated pictures to own high chance below the
‘{argeted network. L . (z)and L, () are defined as fol-
ow:

L]'.ll'.'-:}r I:_Z:] == D{SI:Z:]) (6)
Lia(z) = ~log[c(G(2))] (7)

where C(G(z)) represents the probability of G(z) out-
put by the target network. The experiments show that
this GMI attack has a better performance than the
Fredrikson et al. attack, which means it is an effective
attack method. There are no countermeasures to this
GMI from the author.

MI attack that using explanations As the ML
models are widely used, people need not only answers
from the ML model but also explanations. Explainable
artificial intelligence (XAI) provides additional info to
assist users to grasp model selections, however further
information exposes additional risks for privacy attacks
[ref5]. In this paper, the author studies this risk for im-
age-based model inversion attacks and identified several
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attack architectures with increasing performance to re-
construct private image data from model explanations.
And these XAl-aware inversion models were designed
to use spatial data in image explanations.

Fig. 3 presents architectures of inversion attack
models:

Here, a) Baseline threat model with target CNN
model M, to predict emotion ¥ from face x, and inver-
sion attack model to reconstruct face *r from emotion.
Emotion prediction confidences are input to a trans-
posed CNN (TCNN) for inversion attack (d). b) Threat
model with explainable target model that also provides
instance explanation E; of the target prediction, and
XAl-aware multi-modal inversion attack model that
inputs E, via different input architectures: e) Flattened
E, concatenated with ¥z, f) U-Net for dimensionality
reduction and spatial knowledge, g) combined Flat-
ten and U-Net. ¢) Threat model with non-explainable
target model and inversion attack model that predicts
a reconstructed surrogate explanation F’: from target
prediction #; and uses F’: for multi-modal image in-
version (e-g). Flattened F’; concatenated with ¥;, f)
U-Net for dimensionality reduction and spatial knowl-
edge, g) combined Flatten and U-Net. ¢) Threat model
with non-explainable target model and inversion at-
tack model that predicts a reconstructed surrogate ex-
planation E,. from target prediction ¥; and uses E,. for
multi-modal image inversion (e-g).

The author divided MI attacks into 3 types: 1)
model inversion with Target Explanations; 2) model
inversion with Multiple Explanations; 3) model in-
version with Surrogate Explanations. For type 1, the
author trained the inversion attack model as a Trans-
posed CNN(TCNN) to predict a 2D image from the
1D target prediction vector as input to the attack mod-
el. The model is trained with MSE. For type 2, the au-
thor exploits Alternative CAMs(Z-CAM) by concate-
nating explanations for |C| classes into a 3D tensor and
training the inversion models on this instead of the 2D
matrix of a single explanation. There is no information
about countermeasures.

An inversion-specific GAN for MI attack
In the paper [7], the author presents a novel inver-
sion-specific GAN that can better distill knowledge
useful for performing attacks on private models from
public data. In particular, the discriminator is trained
to differentiate not only the real and fake samples but
the soft labels provided by the target model. Experi-
ments show that the combination of these techniques
can significantly boost the success rate of the state-of-
the-art MI attacks by 150%, and generalize better to a
variety of datasets and models.

Author focus on white-box setting MI attack.
The goal of the attacker is to discover a representative
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Fig. 3. Architectures of inversion attack models [5]

input feature x associated with a specific label y. The
author uses facial recognition as a running example
for the target network. The proposed attack algorithm
consists of two steps. The first step is to train a GAN
to have information concerning the personal catego-
ries of the target model from public knowledge. Rather
than training a generic GAN, the author customizes
the training objective for each generator and discrim-
inator thus on higher distill the private-domain data
concerning the target model from public knowledge.
In the second step, the author makes use of the gener-
ator learned in the first step to estimate the parameters
of the private data distribution.

Author tested this threat model on several data-
sets with the baseline. Experiments show that this ap-
proach can significantly improve the performance of

86

GMI on all target models. Countermeasures are not
mentioned in this paper.

MI attack against collaborative inference Most
studies solely targeted knowledge privacy through-
out training and neglected privacy throughout illation.
During this paper [8], the author devises a brand new
set of attacks to compromise inference data privacy in
cooperative deep learning systems. Specifically, once a
deep neural network and also the corresponding illation
task are split and distributed to completely different par-
ticipants, one malicious participant has the ability to ac-
curately recover any input fed into this system, although
he has no access to different participants’ information or
computations, or to prediction APIs to query this system.

Author considers a collaborative inference sys-
tem between two participants, P, and P,. The target
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model is split into two parts: fg = fgo - fg1. P, per-
forms earlier layers fg,, and P, performs fg,. P is
trusted and P, is untrusted.

Algorithm 1 White-box model inversion attack

—

: function WhiteBoxAttack (ﬁn, fm(xo), T Le)
: /* f,, — the target model */
: /* f,,(x,) — the intermediate output of sensitive input
x0 */
: /* T - maximum number of iterations */
: /* A — tradeoff between prior and posterior
information */
/* ¢ — step size if GD */

ZLQ?=ummxy—ﬁnwbm§+aTvuo
L=

10: x© = ConstantInit()
11: while (t<T) do

ual\)

W A

R

12: x =y —g*w
ox'

13: t=1t+1

14: end while

15: return x?

16: end function

In the experiments, the results show that different
split points can yield different attack effects, so the question
is: how to split the neural network in the collaborative sys-
tem, to make the inference data more secure? Generally, it
is observed that the quality of recovered images decreases
when the split layer goes deeper. This is straightforward as
the relationship between input and output becomes more
complicated and harder to revert when there are more
layers. Besides, it is also observed that the image quality
drops significantly, both qualitatively and quantitatively,
on the fully-connected layer (fcl), indicating that model
inversion with fully-connected layers is much harder than
for convolutional layers. The reason is that a convolutional
layer only operates on local elements (the locality depends
on the kernel size), while a fully-connected layer entirely
mixes up the patterns from the previous layer. Besides, the
number of output neurons in a fully-connected layer is typ-
ically much smaller than input neurons. So it is relatively
harder to find the reversed relationship from the output of
the fully-connected layer to the input. And the first defense
method is running fully-connected layers before sending
out results.

Other possible defenses are making client-side net-
works deeper, trusted execution on untrusted participants
differential privacy, and homomorphic encryption.

Improving robustness to MI attack In the pa-
per [9], the author proposed the Mutual Information
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Regularization based Defense (MID) against MI at-
tacks. The key idea is to limit the information about
the model input contained in the prediction, thereby
limiting the ability of an adversary to infer the private
training attributes from the model prediction.

The author limits the dependency between X and
Y to prevent the adversary from inferring the training
data distribution associated with a specific label. The
author’s idea is to quantify the dependence hetween X
and ¥ using their mutual information I X; ‘r’) and in-
corporate it into the training objective as a regularizer.
This defense, which is called MID, trains the target
model via the loss function:

Mingey Erey)py, (5.7)

|L(y. FC))] + A1 (x.¥) ®)
where

7Y = , _Pryixy)
J’{X. P] - er .[}' Px.'r'{x-}}mg (I-'x'ixlF':rL}"]) (9)

L [}J. f( x}) is the loss function for the main prediction
task, and A is the weight coefficient that controls the
tradeoff between privacy and utility on the main pre-
diction task.

To deconstruct the proposed regularizer, mutual
information is as follows:

1(X;7)=H(F)—H(F|X) (10)

When f is a deterministic model, H(¥ |X ) =10
and introducing the mutual information regularizer ef-
fectively reduces the entropy of the model output, i.e.,
H(¥). When fis stochastic, the regularizer will addi-
tionally promote the nneertainty of the model output
for a fixed input, i.e., H(F|X)

For Linear Regression, due to the deterministic
nature of the model, the mutual information regular-
izer is reduced to H [P) Approximation of ¥ by a
Gaussian mixture is:

piN = (11)

where xl-r'."‘":i is the training set and o is a free param-
eter. The author utilizes a Taylor-expansion based
approximation for the entropy of Gaussian mixtures
described in HL X )zl and derive the following ap-
proximation to

LY, N (P|axs?)

La(X, V)=

=—%E !aJ( iz ,#Fxp(—i(u) )) (12)

For the decision tree, the author modifies ID3
[31] to incorporate the mutual information regularizer.
Since decision trees trained with ID3 are determinis-
tic, the mutual information regularizer again reduces
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to H(¥). To defend against the MI attacks, the author
adds —H (P) into the splitting criterion.

For networks, the author gets inspiration from
the line of work on information bottleneck [32] [33]
and regard the neural network as a Markov chain
Y — X — Z — ¥, where Xis the feature, Yis the ground
truth label, Z is a stochastic encoding of the input X
at some intermediate layer and defined by P{Z|X;a)
,and Y is the prediction. The author replaces / (X . ?)
with upper bound (X, Z) in the training object and
train the neural network with loss function:

ming = (£ ¥)+ A2, X) (13)

The experiments show that this MID approach
can significantly reduce the attack accuracy and effec-
tively protect the ML model from MI attacks.

A simple additive noise method to defend MI
attack In [10], the author demonstrates that the attack
can be successfully performed with limited knowledge
of the data distribution by the attacker, and show that
NoPeekNN, an existing defensive methodology, pro-
tects completely different info from exposure, suggest-
ing that a combined defense is important to completely
shield personal user information.

NoPeekNN may be a technique for limiting
knowledge reconstruction in SplitNNs by minimiz-
ing the gap correlation between the input data and the
intermediate tensors throughout model training [34].
NoPeekNN optimizes the model by a weighted combi-
nation of the task’s loss and a distance correlation loss,
that measures the similarity between the input data and
the intermediate data. NoPeekNN’s loss weighting is
governed by a hyperparameter & € [0,c0). While
NoPeekNN was shown to cut back autoencoder’s abil-
ity to reconstruct input information, it’s not been ap-
plied to adversarial model inversion attack.

Similar to this work, to defend against model
inversion attack on one-dimensional ECG data, [35]
utilizes noise to the intermediate tensors in a SplitNN.
The authors pack this defense as a differential priva-
cy mechanism [36]. However, in that work, the addi-
tion of noise greatly impacts the model’s accuracy for
even modest epsilon values (98.9% to roughly 90% at
g€ = 10). There is also a similar method introduced by
[37] called Shredder. To minimize mutual information
between input and intermediate data, this method will
adaptively generate a noise mask.

In this work, the author considers an honest-but-cu-
rious computation server and an arbitrary number of data
owners who run the correct computations during train-
ing and inference. At least one party attempts to steal
input data from alternative parties by employing a mod-
el inversion attack. The attack method is as follows: 1)
The attackers collect a dataset of inputs (raw data) and
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intermediate data made by the first model phase. 2) To
convert the intermediate information into raw input data,
they train an attack model. 3) They collect intermediate
information made by some information owners and run it
through the trained attack model to reconstruct the raw in-
put information. This attack is considered a “black-box”
since the internal parameters of the data owner model
segment are not used in the attack. The author assumes
that the model training method has been orchestrated by a
third party in which there’s just one computational server.

MI attack for large language models In [11],
the author tries to extract text data from a language
model trained on scrapes of the public Internet called
GPT-2. Training data extraction attacks are usually
seen as theoretical or academic and therefore unlike-
ly to be exploitable in application. This can be even
by the prevailing intuition that privacy leakage is
correlated with overfitting, and since advanced LMs
trained on massive (near terabyte-sized) datasets for a
few epochs, they tend to not overfit. This paper proved
that training data extraction attacks are viable.

First, is the definition of committal to memory. The
author defines eidetic memorization as a special type of
memorization. Unofficially, eidetic memorization is data
information that has been memorized by a model despite
solely showing during a tiny set of training instances. The
fewer training samples that contain the information, the
stronger the eidetic memorization is.

Theorem 2. A string s is extractable from an LM

fi if there exists a prefix ¢ such that:
5« argmax,) |-y fo(s'|c) (14)

Fig. 4 presents the structure of extraction attack:

Prefix
East Stroudsburg Stroudsburg... l

Memorized text | ¥
Corporation Seabank Centre
Marine Parade Southport

- Com

Fig. 4. Extraction attack. Given query access to a
neural network language model, we extract an indi-
vidual person’s name, email address, phone number,
fax number, and physical address. The example in
this figure shows information that is all accurate so
we redact it to protect privacy [11]
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Theorem 3. A string s is k-eidetic memorized
(fork>1)byan LM fy if'sis extractable from fy and
s appears in at most k£ examples in the training data
X:|x € X:5 € x| = k. This threat model is extremely
realistic as several LMs are available through black-
box APIs. For example, the GPT-3 model created by
OpenAl is available through black-box API access.
Auto-complete models trained on actual user informa-
tion have conjointly been created public, though they
reportedly use privacy-protection measures through-
out training.

The extraction of training data from a language
model has two-step: 1) Generate text. Generate a large
quantity of data by unconditionally sampling from the
model; 2) Predict which outputs contain memorized
text. We next remove the generated samples that are
unlikely to contain memorized text using a member-
ship inference attack. These 2 steps correspond on to
extracting model information (Theorem 2), then pre-
dicting that strings may be k-eidetic memorization
(Theorem 3).

Fig. 5 presents the workflow of extraction attack
and evaluation:

In total across all strategies, the author identify
604 unique memorized training examples from among
the 1,800 possible candidates, for an aggregate true
positive rate of 33.5% (the best variant has a true pos-
itive rate of 67%).

For countermeasures, the author suggests that
needs to be techniques developed to specifically ad-
dress their attacks. Training with differentially private
techniques is one method for mitigating privacy leak-
age, however, the author believes that it will be neces-
sary to develop new methods that can train models at
this extreme scale (e.g., billions of parameters) with-
out sacrificing model accuracy or training time.

Defending MI attack via prediction purifica-
tion In [12], the author proposes a unified approach,

namely a purification framework, to defend data in-
ference attacks. It purifies the confidence score vec-
tors foretold by the target classifier by reducing their
dispersion. The setup may be additional specialized in
defensive a selected attack via adversarial learning.
The model owner trains a machine learning
classifier F on its training dataset D and test /' on
validation dataset D . Both D, and D , are drawn
from the same underlying data distribution
The attacker aims at performing data inference Eﬁzgé@s
against the target classifier . Consider that the clas-
sifier F works as a black-box “oracle” to the attacker,
i.e., the attacker can only query F with its data sample
x and obtain the prediction scores F(x). The attack-
er is also assumed to have auxiliary information
Given a prediction vector F(x) on some victim dﬁ?a
point x, the attacker wants to find an attack function
A(F(x),0(F),A) for membership inference:

A(F(x), 0(F),A) =m € {0,1} (15)
for model inversion:
A(F(x),0(F),A) =% (16)

where O(F) represents the attacker’s blackbox access
to the oracle classifier F.

For purification, the base of purification is purifier
G. The author designed G as an autoencoder and is used
to reduce the dispersion of the confidence scores as well
as to preserve the utility of the classifier. G is trained on
the confidence scores predicted by F on the defender’s
reference dataset D . The author trained G to also pro-
duced the label predlcted by F by adding a cross-entro-
py loss function. G is trained to minimize the function:

LG) =

Erpoix) [.‘R I::-L'I: F(x)), f-f.r)J 4+ AL (-L'I: Flx), m'ymuxh’frj:ljl (17)

The author also provides specialized G for MI
attack.

Training Data Extraction Attack Evaluation
zoo,000 LM Sorted . Choose Check
LM (GPT-2) . Deduplicat

Generations mﬁ:gﬁfﬁ::ﬁﬂf” eduplicate Top-100 Memorization

- - \f
l % — — Internet r"’/.r

- % :l-n | Search Search --1.,‘-1.;,

X
Prefixes

Fig.5. 1) Attack. We begin by generating many samples from GPT-2 when the model is conditioned on
(potentially empty) prefixes. We then sort each generation according to one of six metrics and remove the
duplicates. This gives us a set of potentially memorized training examples. 2) Evaluation. We manually inspect
100 of the top-1000 generations for each metric. We mark each generation as either memorized or not-
memorized by manually searching online, and we confirm these findings by working with OpenAl to query the
original training data [11]
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For each classification task, we can see that the
single purifier is able to concurrently decrease the in-
ference accuracy and increase the inversion error as
well as preserve the classification accuracy. The pu-
rifier has almost no defense effect against the Label
attack where the confidence score information is not
leveraged.

MLPrivacyGuard In [18], the author presents
MLPrivacyGuard, a countermeasure against black-
box MI attack. In this countermeasure, they add con-
trolled noise to the output of the confidence function.
The author demonstrates that when noise is injected
with a long-tailed distribution, the objectives of low
misclassification error with a strong defense can be
attained as model inversion attacks are neutralized be-
cause numerical approximation of gradient ascent is
unable to converge.

MLPrivacyGuard is a measure to forestall model
inversion attacks that don’t need retraining or any type
of modification to the ML system’s inner workings.
ML PrivacyGuard relies on the injection of long-tailed
distributed errors to the output = of the model, so that a
model inversion attack can not’izonverge, whilst main-
taining the functionality of the ML system reliable for
legitimate users. The idea behind MLPrivacyGuard is
that when the confidential information has some lev-
el of randomness the model inversion attack is unable
to converge in black-box systems. The reason for this
is straightforward: since a black-box model inversion
has to rely on numerical approximations of the gradi-
ent f(x), which are obtained by numerical differentia-
tion of f on each of the features, the attack is unable to
converge if the value of f is nondeterministic.

To preserve correct classifications for legitimate
users, the author guaranteed this with the distributions
picked for the random errors. In the experiments, the
error size has exponential distribution, i.e. the absolute
value of the error injected is x with probability ie™.

The result of experiments shows that this MLPri-
vacyGuard approach increases the classification error
rate at most by 2% while defeating adversarial model
inversion attacks.

MI attack without knowledge of non-sensitive
attributes In [15], the author proposes a General Mod-
el Inversion (GMI) framework to capture the scenario
where knowledge of the non-sensitive attributes is not
necessarily provided. This framework also captures the
scenario of Fredrikson et al., notably, it enables a new
type of model inversion attack that infers sensitive attri-
butes without the knowledge of non-sensitive attributes
by modifying the ML model into a target ML model via
data poisoning. The GMI attack is defined by a tuple of
three algorithms: Setup, Poisoning and Modellnversion
[15]. Fig. 6 presents the workflow of GMI attack:
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Fig. 6. Workflow of GMI attack [15]

Leverage the functional mechanism to prevent
MI attack In [16], the author develops a novel approach
that leverages the functional mechanism to perturb co-
efficients of the polynomial representation of the objec-
tive function but effectively balances the privacy budget
for sensitive and non-sensitive attributes in learning the
differential privacy preserving regression model.

This approach leverages the functional mecha-
nism proposed in [38] but perturbs the polynomial co-
efficients of the objective function with different mag-
nitudes of noise. This approach can effectively weaken
the correlation between the sensitive attributes with
the output to prevent model inversion attacks whereas
retaining the utility of the released model by decreas-
ing the perturbation effect on non-sensitive attributes.

2. Table of MI attacks with their attributes

In this section, we summarize the results of
our review (Table 1). Presented datasets are: A -
MNIST, B - MNIST handwritten digit, C - CIFAR-10,
D - FiveThirtyEight survey (How americans like
their steak), E - GSS marital happiness survey, F -
Flickr-Faces-HQ(FFHQ), G - MovieLens 1M Dataset,
H - FaceScrub, I - Numeric MNIST, J- Fashion MNIST,
K - ChestX-ray8, L - CelebA, M - iCV-MEFED, N -
IPWC, O - Purchase100, P - Adult dataset.

As can be seen from this table, attacks clearly
prevail over defenses. In reality, only the practical fea-
sibility of attacks really protects existing systems. All
attacks require multiple polling of models. If this is not
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Table 1
Summary of Ml attacks
Reference target dataset|attack result(accuracy) link|defense method
Fridrikson et al.[1] D white-box: 86.4% [19] [L)put the sensitive features
black-box: 85.8% near the top or
bottom of the tree
E whick-box: 80.3% [20] |2)degrade the quality
black-box: 80.0% or precision of the
gradient information
retrievable from the model
Basu et al.[4] I None |21] [None
J None [22] |None
Zhang et al.[6] B 80% (23] [None
K 1% [24] [None
L None [25] [None
Zhao et al.[5] M 40% - 90 %% 126] [None
L 20% - 45% [25] [None
B 0% - 96% (23] |None
Chen et al.[7] L (72 + 0.18)% |25] [None
F
3 [28)
A (68 £ 2.08)% (23] |None
C (96 £+ 0.72)% [27] [None
K (47 + 1.55)% [24] [None
He et al.[8] B white-box, PSNR, at convl: 39.60 (23] [1)Run fully-connected layers before sending out results
(Peak Signal-to-Noise Ratio) white-box, PSNR, at ReLU2: 15.10 2)Make the client-side network deeper
(Structural Similarity Index) white-box,SSIM.at convl: 0.9969 3)Trusted Execution on untrusted participants
white-box,SSIM.at ReLU2: 0.5998% 4)Differential privacy
C white-box,PSNR,at conv11:37.59 [27] |5)Homomorphie encryption
white-box,PSNR,at ReLU22:19.47
white-box, PSNR,at ReLU32:13.38
white-box,SSIM.at conv11:0.9960
white-box, SSIM.at ReLU22:0.6940
white-box, S5IM.at ReLU32:0.1625
Wang et al.[9] N Improving robustness via mutual
D [15] [information regularization
5 [28]
C [27]
Titcombe et al.[10] A (23] |1)a simple additive noise method
2ja combined method with NoPeekINN
Yang et al.[12] C [27][1) Defend via prediction purification
(0]
H
Alves et ﬂl.[l?-i] C |27] [MLPrivacyGuard
Wang et al.[16] B with Differential privacy: 57%-69% [(29]|1) the functional mechanism to perturb coefficients of
without DP: 69% the polynomial representation of the objective function
Hidano et al.[15] D 24%-74.1%(depends on attributes) [[19] [None
G 35.5%-60.7% (depends on attributes)|[30] |None

an MLaaS system, then it will be impossible to carry
out an attack directly.

3. Summary and future works

From all this information above we find that sev-
eral types of MI attacks have been created and success-
ful test on various datasets like CIFAR-10, MNIST,
FiveThirtyEight, and so on. But the problem is, those
existing countermeasures are passive counter, which
means these countermeasures are just been applied in
the ML model, and each countermeasure can only de-
fend a specific attack method. Considering there are
many attack methods and these methods can also be
iterated, if one ML model wants to survive under those
attacks, it has to apply many countermeasures simulta-
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neously. We think that this approach may lower not only
the efficiency of the ML model but also the accuracy.

So, if we can build a MI attack detector, and this
detector can immediately cut off the connection be-
tween user and model when it detects a MI attack(or
some action similar to an MI attack), it will be great,
and it can save much cost for MLaaS provider. In our
opinion, this is a promising direction.

For the detector, we want to start from GAN. In
GAN there is a generator G and discriminator D, we
can use G to simulate existing attack methods and let
D discriminate whether one is a MI attack or not. Also,
if possible, we can import CNN to our detector. For
images, CNN can learn its features; and for MI attacks,
maybe we can transform MI attack into a type that can
let CNN learn its features.
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Abstract. The article deals with the problem of stability of classifiers based on decision trees for the
problem of text attribution. Such a task arises, for example, in the study of the authorship of articles
from the pre-revolutionary journals “Time” (1861-1863), “Epoch” (1864—1865) and the weekly “Citizen”
(1873-1874). The texts were divided into separate parts of different sizes using the sliding window meth-
od, then the frequency of n-grams (encoded sequences of parts of speech) in each fragment was deter-
mined. Further, these indicators were used to build various classifiers. The resulting decision trees were
compared with each other using the tree edit distance. For this purpose, a procedure for processing,
comparing and visualizing graphs was implemented in the SMALT software package. As a result of ex-
periments using different weights for editing operations, patterns were revealed between the parameters
for constructing text fragments and the decision trees obtained on their basis.
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Introduction

The main way to check the quality of a clas-
sifier is that it is checked against a control sample.
If two classifiers showed similar results, it is not
clear which one to choose. One option is to create a
new control sample and conduct a new study. As a
result, we get that the choice of a classifier signifi-
cantly depends on the results on the control sample.
When constructing and using a classifier in practice,
much attention has to be paid to the quality (repre-
sentativeness) of the training and control samples.
It is very difficult. One of the existing ways out of
this situation is to build an ensemble of classifiers.
Sometimes it happens that each ensemble classifier
is built on its own training sample. Its elements may
contain fewer features than in the original data. The
final classifier will be a function of the ensemble.
Voting is often used as such a function. The element
belongs to the class to which it belongs to most of
the classifiers from the ensemble. Significant disad-
vantages of this method are the inability to justify
the decision to classify and the complexity.

To eliminate these disadvantages, this paper pro-
poses first splitting the ensemble of classifiers into
clusters according to the degree of similarity, and then
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choosing the most typical (stable) classifier. Note that
the training sample for this classifier will be represen-
tative. When training a classifier for a similar task, it
will be possible to get by with one classifier, using a
similarly constructed training set.

Experiments on the construction and compar-
ison of classifiers were carried out on the material
of the pre-revolutionary magazines “Time” (1861—
1863), “Epoch” (1864-1865) and the weekly “Citi-
zen” (1873-1874). It’s a known fact that F. M. Dos-
toevsky was their editor. It means that he could have
made his own edits to the texts of articles of other
authors [1]. The features that distinguish one author
from another are the frequency of the occurrence
of certain n-grams (encoded sequences of parts
of the speech).

1. Decision tree constructing using different
samples

In the NLP domain it is essential to have as much
data as possible. In order to fulfill those pre-require-
ments in the circumstances of restricted in a size cor-
pus a few techniques might be considered. Usage of a
sliding window is one of those.

Tpyabl NCA PAH. Tom 73. 1/2023



Research the Stability of Decision Trees Using Distances on Graphs

Sliding window breaks one text into several
chunks which are used further as data (fig. 1). The
main idea is to enrich training set through partially du-
plicating already existing corpus. The following logic
might be applied:

— N and § are chosen where N — sliding window size
and S — skip window size.

— K chunks of the original text are created with a dis-
tance between start points of adjacent chunks equal
to S.

You can calculate K (rounded to the nearest inte-
ger) using the following formula:

T-N
S

where T — size of a text that is being transformed. It
is possible to vary both N and S. Basically they can
be treated as hyperparameters. Varying N you can ob-
tain more chunks with smaller size or less chunks with
larger size.

Adjusting S governs amount of data as well as
an intersection rate between two adjacent chunks. For
example, a choice of N=1000 and S=100 will cause
chunks #1 and #2 to have 900 words in common,
chunks #1 and #3 — 800 words in common, etc. It is
vital to choose this number high enough to save rich-
ness of the data although constructing a larger corpus.

K=

+1,

Chunk #1: [The brown fox jumps over] the lazy dog

Chunk #2: The brown [fox jumps over the lazy] dog

Fig. 1. Parameters are N=5 and S=2. Sliding window
results with 2 chunks.

The original training-test split was 80%—20%,
thus 80% of data is used for training and the other 20%
is used for testing algorithm and calculate metrics.
Parts of speech are used as features and the purpose
of a model is to predict an author of a given text using
given features.

The described procedure was applied to a train-
ing part of a dataset to enlarge the existing corpus. Af-
ter a decision tree [2] with default parameters from a
Scikit-Learn [3] library is trained with built-in meth-
ods using the obtained training and test sets.

The default Decision Tree algorithm in Scikit-Learn
is CART [4]. The model is represented as a binary tree
with a certain criteria in every node. Prediction is made
by going from the root of the tree to one of its leaf. The
root is picked by meeting a condition that is represented
in the node. A right path is picked for a true statement
and a left one is for the false. For this task we use part of
speech as data that represents an author, thus we have part
of speech criteria in nodes. For example: a bigram “noun-
noun” is met in the text more than 49 times?
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The tree is built in a following manner:
Choose a node of the tree.
. Calculate information gain for every feature and its

threshold that splits data into two child nodes.
3. Choose a feature and its threshold for the node with

a maximum purity.
4. Repeat until a stopping criteria is not reached.
The most popular impurity measure for CART

algorithm is Gini index [5], which is defined as fol-
lowing:

N —

]Gini = ]72p12>
i=l1

where j is the total number of classes, p, is the distri-
bution of the i class in the node. Information gain is
calculated as follows:

IG(D,, f)=1(D )—MI(D = N g I(D
oS )= v N left N
P P
where D, D, > D”.gh . — parent, left and right nodes re-
spectivefy, N.— number of data samples in node i.

1

right )’

2. Metrics on the set of trees

To compare trees, you can use the methods and
algorithms developed within the graph matching direc-
tion [6; 7]. On a set of graphs a distance is set, which
allows us to estimate how much these or other struc-
tures are “similar” to each other. One such distance
is a measure based on editing operations (operations
of insertion, deletion and replacement of vertices and
edges in a graph) [8].

The function of error-correcting graph matching
from G=(V,E,a,B)to G=(V, E, a, B, is called
a bijective function f:V—V,, where V/cV, and
V; < V,. Cost of f define by the following formula:

C(f) = chs (u)+ Z Cnd (M)+

uel! uel; -V
+ Z Chi (H) + z Cos (e) + Z Ceq (e) + Z Cei (e)>
ueV,-v, eck eckE, eckE;

where £, E, and E, are the sets of edges that are re-
placed, removed and inserted, respectively, and also:
— ¢, (u) — the cost of replacing the vertex u € V;' with
fwev,;
— ¢, (u) — the cost of removing a vertex u €V -V
from G ;
— ¢ (u)—the costofinserting a vertex u € V, =V, inG,;
— ¢, (e) — the cost of replacing the edge e;
¢, (e) — the cost of removing the edge e;
— ¢,(e) — the cost of inserting the edge e.
At the same time, specific values C > -eny C,; ATE
selected depending on the specifics of the task being
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solved. Graph edit distance d(G,, G,) is the cost of the
optimal function f from G, to G,

d,(G,,G,) =rnfin{c(f) -Gy ng}‘

In other words, the graph edit distance d (G, G,)
is the minimum total cost of editing operations that
transform a graph G, into a graph G,. Note that this
distance can be used to compare arbitrary graphs, but
there are measures designed specifically for trees.
These include, for example, a distance based on tree
alignment [9; 10]. To align two trees 7, and 7, (fig.
2), you need to insert empty vertices 0 into them so
that the resulting trees 7' and 7, have the same
structure (fig. 3).

b ¢ ¢ d
Fig. 2. Trees T, and T,.

In this case, the labels of the corresponding ver-
tices of the obtained trees 7;' and 7, can be different.
After that, we overlay trees 7, and 7, on each other
and for each pair of vertices we calculate the measure
of their difference g, . The sum d,(7},T,) = Z?:l y7
will determine the distance between the trees if it is
the minimum for all possible alignments of the given
trees.

Next, consider four metrics for comparing trees,
proposed in the work [11]. Let T, and T, be two trees
with vertex set V, and V,, respectively. A bijection
¢:H, > H, where H, V| and H, CV, is called
an isomorphism of subtrees between T, and T, if ¢
preserves the adjacency relations between vertices and
the connectivity of the compared subgraphs.

a
!!

h ¢ 0 d
Fig. 3. Trees T°, and T, resulting from alignment

Suppose that ¢ is some measure of similarity
between the vertices of the compared trees 7, and 7,
which, for example, can be based on the values of the
attributes of these vertices. Then we define a measure
of similarity W_(¢#) between trees based on the iso-
morphism of subtrees ¢ and the measure o:
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W, (@)= ol dw).
ueH,

A subtree isomorphism @, is called a maximal
subtree isomorphism between 7, and T, if W_(¢)
takes the greatest value among all possible subtree
isomorphisms ¢. For any two trees 7, and T, define
the following measures (here |7] denotes the number

of vertices in the tree 7):
= dy(T, Ty) = max((T;

T2|)_W(¢1z);
- d4(T1,T2)=|T1|+|T2|—2W(¢12);

b

- ___ @)
dS(Ti’TZ)_l maX(|Ti’ T2|),
— d()(Tl,Tz)Zl W(¢12)

R+~

The proof of the fulfillment of the metric prop-
erties for can be found in [12]. Another measure of
dissimilarity on a set of graphs, based on the biotopic
distance of sets, was proposed in [13]. In particular,
the author notes that this measure can be used to com-
pare decision trees.

3. Implementation of processing
and comparison of decision trees in SMALT

As part of the testing of algorithms and pre-
sentation of research results, the implementation of
processing and comparison of decision trees in the
SMALT information system was carried out. The in-
formation system ‘““Statistical methods of literary text
analysis” (SMALT) is intended for processing texts in
pre-revolutionary graphics and conducting statistical
research on texts. The system is focused on processing
texts from the magazines “Time”, “Epoch” and “Citi-
zen” edited by F. M. Dostoevsky.

As part of the implementation, functions for
working with the decision tree graph and functions
for pairwise comparison of decision tree graphs were
added. To implement the work with the decision
tree graph, the “controller-model” pattern was used.
The controller accepted the request, determined the
required action, loaded the required model, and for-
matted the result. The following operations were im-
plemented in the controller: loading a decision tree,
editing decision tree metadata, viewing a decision
tree, deleting a decision tree, viewing a list of load-
ed decision trees. Due to the large number of deci-
sion trees (for example, several decision trees with
different steps can be obtained within one text com-
parison operation), it was customary to consider all
downloaded decision trees private, i.e. not available
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to unregistered users. The user can add other people’s
private decision trees to the list of favorites or re-
move from it. Also, a user with explorer privileges
can make decision trees public or remove publicity.
These operations will allow you to limit the list of
available trees in the pairwise comparison function
to your own, selected or public graphs.

The model was responsible for interacting with
the database. Decision tree graph data is organized into
five tables: graph metadata, graph-related texts, graph
vertices, graph edges, and a list of favorite graphs.
One of the labor-intensive tasks was the implementa-
tion of parsing a text file with a decision tree graph
and presenting the data in the database. The complex-
ity of the task was due to the specific file format, the
large amount of additional ignored data, and the wide
variety of views. For example, the top of the graph
should contain a list of parts of speech in the name and
weight, but the format allowed for no restrictions on
the name and no weight.

For graphical representation of a graph, the
graphviz utility and the GraPHP library (https://
github.com/graphp/graphviz) are used. As vertices,
n-grams with combinations of parts of speech are
used (for example, “Verb Pronoun”). If a graph ver-
tex has a weight, then it is additionally displayed in
the vertex label. If the weight of a vertex is greater
than zero, then it is highlighted in red. By default,
the image with the graph is displayed in a reduced
version, but it can be opened in an additional window
for a more detailed study.

Pairwise comparison of graphs is implement-
ed based on the algorithm from [14]. The algorithm
employs a dynamic programming approach and runs
in polynomial time. The user can choose one of two
comparison methods: based on vertex weights or
based on vertex names and weights. To adjust the al-
gorithms, the user can set the following parameters:
Cost of adding a vertex, Cost of removing a vertex,
Cost of changing a close vertex by weight, Level of
proximity of vertices by weight, Cost of changing a
far vertex by weight, Cost of changing a vertex with
a partial match of parts of speech, Cost of changing a
vertex with mismatch of parts of speech. For exam-
ple, replacing a node (Adverb Verb, weight 0.405)
with a node (Union Numeral, weight 0.012) with de-
fault settings (proximity level = 0.25, cost of replac-
ing the far node by weight and with mismatch of parts
of speech = 2, other costs = 1) will be equal to 4 (2 for
the replacement of far vertices by weight + 2 for the
replacement with mismatched parts of speech).

As aresult of comparing graphs, the user gets the
distance between the decision trees. The user can also
view the final weight table.
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4. Analysis of the regularities between
the parameters of F. M. Dostoevsky’s text
sampling and decision trees

Let’s study the regularities between the parame-
ters of constructing a sample of texts (the size of the
fragment, as well as the step of the sliding window)
and the distances between the decision trees. The com-
plete list of reference texts by F. M. Dostoevsky was
taken as a sample [15].

Each article was divided into parts with a length
of either x,=1000 words or x,=750 words. The limited
number of such fragments forces us to resort to data
expansion techniques. A sliding window was used as a
similar technique: W={100, 200, 300, 400, 500, 750}.
Then decision trees were built. Pairwise comparison of
graphs was performed using a metric based on editing
operations, the calculation of which was implemented
based on the algorithm from [14]. Note that graph edit
distance is currently one of the most popular similarity
measures on a set of graphs [16].

Let’s define the following weights of editing op-
erations for G, and G,

— The cost of adding a vertex u € V, =V, to the graph
G, which is denoted by ¢, (u);

— The cost of removing a vertex u € V; =V, from the
graph G, which is denoted by ¢ (u);

— The operation of replacing two vertices u € V| with
f(u)eV,. Then the cost of replacement ¢ (u) is
the sum of the following components:

» cost of changing close vertex by weight Cllzs (u)
(at the same time, the level of proximity of ver-
tices by weight is set c_, (u)). That is, if the mod-
ulus of the difference between the Gini indices
is less than c,fs (u), then the vertex is considered
“close”, and the cost of the operation is equal to
€ (10);

+ cost of changing far vertex by weight ¢, (u).
That is, if the modulus of the difference between
the Gini indices is greater than c,fx (u), then the
vertex is considered “far”, and the cost of the
operation is equal to ¢’ (u). Note that if the Gini

ns

indices are the same, then nothing is added to
¢, (u);

+ cost of replacing a vertex with a partial match
of parts of speech ¢, (1), i.e. in bigrams of two
pairs of parts of speech, one coincides;

+ the cost of replacing a vertex with a mismatch

of parts of speech ¢, (u), i.e. there are no com-

mon parts of speech in bigrams. Note that if the

n-grams are the same, then nothing is added to

c, (u).

As an example, consider the calculation of the
cost ¢, (u) of a vertex replacement operation for three
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cases with the set parameters c,lm (w)=1,c} (u)=0.25,

cu)=2,c w)=1,c, (u)=2 (as a result, the total

cost of the vertex replacement operation can be in the
range from 0 to 4 inclusive):

— Let’s compare the vertices with the bigrams “Ad-
jective-Noun” (gini=0.348) and “Adjective-Noun”
(gini=0.398), respectively. Since the n-grams are
the same, and the difference in gini is 0.05, i.e.
less than cfs (#) = 0.25, then the replacement cost is
¢, (u)=0+1=1.

— Let’s compare the vertices with bigrams “Conjunc-
tion-Pronoun” (gini=0.262) and “Particle-Pronoun”
(gini=0.358). Since n-grams coincide in one part
of speech, and the difference in gini is 0.096, i.e.
less than cfs (u) = 0.25, then the replacement cost is
c, (u)=1+1=2.

— Let’s compare the vertices with bigrams “Adjec-
tive-Participle” (gini=0.032) and “Modal word-Ad-
verb” (gini=0.444). Since the n-grams do not com-
pletely coincide, and the difference in gini is 0.412,
i.e. more than c,z,s (u) = 0.25, then the replacement
costis ¢ (u)=2+2=4.

Table 1 shows an example of a distance matrix
obtained with the set parameters c,(u) =1, c,(u) =1,

Tree Diagram for Mepemennbie.
Unweighted pair-group average
Dissimilarities from matrix

5_100_1000 }
g_200_1000 }
5_300_1000 }
g_400_1000 +
5_500_1000 -
g_750_1000 }
g_200_750 |
9_300_750 |

g_100_750 }

50 =) T0 B0 a0 100 110 120 130
Linkage Distance

Fig. 4. An example of a dendrogram for a distance
matrix from table 1

€ ()= 1,65, ()= 0.25, ¢, () =2, ¢, () =1, ¢,, () =2,

where the depth of the tree was not limited. The fragment

size was chosen to be 750 or 1000, and the size of the

sliding window was 100, 200, 300, 400, 500, and 750

words. The result of cluster analysis is shown in fig. 4.
To represent a set of close graphs as one that

would contain basic information about all structures,

Table 1.
An example of a distance matrix between decision trees.
F 1000 words 750 words
w 100 200 300 400 500 750 100 200 300
100 0 129 118 116 109 102 138 128 131
200 129 0 107 99 92 95 129 114 119
300 118 107 0 85 78 74 119 112 112
1000 words 55175 99 85 0 72 70 113 | 106 | 106
500 109 92 78 72 0 64 109 100 103
750 102 95 74 70 64 0 108 100 103
100 138 129 119 113 109 108 0 129 131
750 words 200 128 114 112 106 100 100 129 0 124
300 131 119 112 106 103 103 131 124 0
Table 2.
Median graphs for nine experiments
i ! min D -
Experiment | ¢, | ¢ | ) | ) | qw | dew | dw | 0 G
the depth of the decision tree was not limited
1 1 1 1 0,25 2 1 2 716 g_750_1000
2 2 2 1 0,25 2 1 2 1106 g_500_1000
3 1 1 1 0,25 2 2 4 716 g_750 1000
decision tree depth limited to 5
4 1 1 1 0,25 2 1 2 565 g_750_1000
5 2 2 1 0,25 2 1 2 849 g_500 1000
6 1 1 1 0,25 2 2 4 568 g_750_1000
decision tree depth limited to 4
7 1 1 1 0,25 2 1 2 357 g_500 1000
8 2 2 1 0,25 2 1 2 459 g_500_1000
9 1 1 1 0,25 2 2 4 357 g_500_1000
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consider the concept of amedian graph [17]. Let the dis-
tance d(G,, G)) be given on the set Z={G,G,, ..., G }.
Then we call the median graph on the set Z:

G= argmin D = argminZd(G,Gi),

GeZ GeZ =]

where D = Z:’;d(G,G,.) — the sum of the distances
from the selected graph G to all other graphs from
the set Z. Note that the median graph search prob-
lem is NP-complete. Table 2 describes the param-
eters for conducting nine experiments to calculate
the median graph (experiments with other parame-
ters showed comparable results). As the calculations
showed, g 750 1000 became such a graph four times
(i.e. x,=1000, y,=750), in the remaining five cases —
g_500_1000 (i.e. x,=1000, y =500).

Conclusion

In this article on the material of the pre-rev-
olutionary magazines “Time” (1861-1863), “Ep-
och” (1864-1865) and the weekly “Citizen”
(1873—1874), the problem of the stability of clas-
sifiers, which are built to determine the authorship
of texts, is considered. The features were the fre-
quency of occurrence of certain n-grams (encoded
sequences of parts of speech). The decision trees
obtained as a result of applying the sliding window
method were compared with each other using the
tree edit distance (it is currently one of the most
popular similarity measures on a set of graphs). To
analyze the results obtained in the SMALT infor-
mation system (http://smalt.karelia.ru/), tools for
storage, processing and comparing trees were im-
plemented. For graphical representation of graphs
the graphviz utility and the GraPHP library were
used. The most stable decision trees (median
graphs) were identified for several text collections
using different weights for editing operations.
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Abstract. The long-term development of the world economy is characterized by cyclical development.
To date, there is no single accepted approach to describe the nature of the economic cycle. Therefore,
studies of economic and political cycles are one of the key areas of economic theory. Econometrics and
machine learning have a common goal: to build a predictive model, for a target variable, using explanatory
variables. This research aims to identify economic cycle in Russian Federation using collective factors. It
uses a different approach, concerning classical econometric techniques, and shows how machine learning
(ML) techniques can improve the accuracy of forecasts. We used three machine learning algorithms such
as k-Nearest Neighbors (kNN), Random Forests (RF) and Support vector machines (SVM). The research
is based on 30 economic factors for the period 1990-2020 from FRED, World Bank, WTO, Federal State
Statistics Service, Bank of Russia etc. The results indicate that the Russian economy would be very active
(peak) in the next quarters. This result could be a new approach to provide policy recommendations to
authorities and financial institutions in particular.

Keywords: macroeconomics, Machine Learning, Econometric Forecasting, Russian economy, Economic

cycle.
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Introduction

One of the most important characteristics of a de-
veloped market economy is its cyclical development
- periodic ups and downs in business activity. Eco-
nomic cyclicality can be traced in the change in the
main macroeconomic indicators — the volume of real
GDP, the intensity of investment, the unemployment
rate, etc.

The cyclical nature was influenced by the deep-
ening of the integration and liberalization processes;
strengthening the international division of labor; mass

Application and rapid development of informa-
tion and communication technologies, software, nano-
technology, composite materials. Digitalization of the
economy and covid-19 crisis in the last few years have
played an important role in the emergence of many
other services and activities: e-commerce, remote ex-
change trading, mobile banking and others creating
tons of information to manage hence big data.

The current forecasting literature has focused on
matching specific variables and horizons with a par-
ticularly successful algorithm. The intersection of ma-

* This paper has been supported by the RUDN University Strategic
Academic Leadership.
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chine learning (ml) with econometrics has become an
important research land- scape in economics. Machine
learning has gained prominence due to the availability
of large data sets, especially in microeconomic appli-
cations (coulombe et el., 2020). De- spite the growing
interest in ml, understanding the properties of ml proce-
dures when they are applied to predict macroeconomic
outcomes remains a difficult challenge.

There are many techniques and methods to ana-
lyze and process this information. Machine learning lies
at the intersection of mathematics and statistics, com-
puter science and big data. Simply put, machine learn-
ing is a way to put big data analysis into service. With
the help of such technology, the computer can learn to
identify certain patterns, to “meet”, with which it will
perform certain actions - buying or selling stocks, seg-
menting potentially high-yielding customers, or identi-
fying faulty products on the conveyor belt.

Econometrics and machine learning share a
common goal, namely the construction of a predictive
model, for a variable of interest, using explanatory
variables (or features). However, these two approaches
have developed in parallel, creating two different cul-
tures. The first aims to build probabilistic models to de-
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scribe economic phenomena. The second uses algorithms
that learn from their errors, for the purpose of predic-
tion or classification. Recently, learning models have
proven to be more efficient than traditional economet-
ric techniques and are able to handle much larger data
sets. In this context, it becomes necessary for econo-
metricians to understand what these two cultures are,
what opposes them and especially what brings them
together, in order to appropriate tools developed by the
statistical learning community to integrate them into
econometric models.

1. Related work

Cyclic booms and busts have been a feature of
economic life and one of the major arguments against
capitalism since the eighteenth century. (Ayres, R.
2020). The cyclical nature of the Russian economy, its
susceptibility to alternating booms and booms, is still
poorly understood, although the recent crisis has gen-
erated a flurry of publications covering various aspects of
the crisis in Russia. These publications, however, are
largely journalistic in nature and do not yet allow to
form a holistic idea of the nature of the crisis unfolding
in the world economy, its driving forces and possible
consequences, as well as the mechanism for overcoming
the crisis and the degree of influence of these process-
es on the Russian economy.

The theoretical influence of economic cycles on
time-varying risk premiums is then explained based on
two key economic concepts: nominal GDP and adaptive
expectations. (Raffinot, T. (2017) The economic cycle
is thus a fundamental yet ambiguous concept, since
it can refer to conceptually different global economy
fluctuations.

On the functioning of the economy, many theo-
ries exist on the variables that need to be analyzed in
order to keep a quick overview of economic trends.
Ensemble machine learning algorithms, referred to as
random forest (Breiman (2001)), are applied to quick-
ly and accurately detect economic turning points in the
United States and in the euro area. Genetic program-
ming (GP) has been successfully used as a machine
learning tool for automatic problem- solving in many
areas such as image processing (Harding et al., 2013),
but very seldom for macroeconomic modelling and
forecasting (Alvarez-Diaz, 2019, Claveria et al., 2019,
2020). This article uses an extended set of indicators
for the forecast: GDP in constant 2010 US $, popula-
tion in absolute values are added to macroeconomic
parameters, data are added not only on unemploy-
ment, but also on labor force, as well as manufacturing
production. Exports and imports of goods are added to
the indicators of the international economy, the analysis
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includes not only foreign direct investment, but also
portfolio investment, current account balance. More
financial indicators are used, related to the exchange
rate, stock markets and cross-border transactions. This
study does not consider factors that are stable over the
analyzed period (such as the area of the country, forest
areas), generalized indicators for the general situation
in certain sectors of the economy, as well as evaluative
indicators (such as the political and social atmosphere)
unlike the study conducted by Chukiat et al, (2019)
which uses qualitative information, quantitative trends
and social movement activities. However, the Random
Forest (RF) algorithm showed high accuracy in pre-
dicting GDP with an accuracy of 0.70 and a Kappa
coefficient of 0.41 in the study by Chukiat et al.(2019)
and in ours an accuracy of 0.78 and a Kappa coeffi-
cient of 0.49.

2. The methods of the research

The objective of this paper is to computation-
ally predict economic structural trends in Russia by
applying machine learning. The data used consists of
mixed observations such as qualitative survey details
and time trend data series from 1990 to 2020, that are
used to perform econometric estimation by artificial
intelligent approaches. All variables are described and
presented in Table 1. Technically, the collective vari-
ables used in this paper were collected from reliable
sources that have managed to store information from
the world trends for convenient access, for example,
FRED (Federal Reserve Economic Data), Federal
Budget of the Russian Federation, World Bank Data-
base, World Trade Organization, Bank of Russia, etc.

The modern economic theory is based on the idea
that the cycle is primarily about output and employment
fluctuations. The trend sets the level of potential output
corresponding to the production capacity of the econo-
my at full employment. The growth in potential output
is a consequence of the growth of production opportuni-
ties and is described by the models of economic growth.
Growth is associated with the accumulation of factors
of production (capital accumulation, growth in the la-
bor force, productivity growth). Growth rates depend
on long-term trends; therefore, a significant change in
potential output occurs only in the long run, while in
the short run it is considered constant. Manufacturing
capabilities affect aggregate supply.

The cyclical component describes short-term fluc-
tuations in the observed GDP around a trend. The econ-
omy grows faster or slower than the trend, de- pend-
ing on how intensively the resources available in it are
used. With excessively intensive use, it grows faster than
the trend, with insufficient intensive use it grows slower.

Tpyabl NCA PAH. Tom 73. 1/2023



Economic Cycle Prediction using Machine Learning — Russia Case Study

In the following research we selected the following
group of factors:

— National Currency

With an increase in the exchange rate, on the
contrary, exports become unprofitable, which can lead
to a reduction in export industries and national produc-
tion in general, and the volume of imports increases.
The import of foreign investments is growing. The real
amount of external debt, expressed in depreciated for-
eign currency, is decreasing. The devaluation of the
ruble taking place today is an ambiguous process. In
the short term, of course, this affects the population
and its income. But, on the other hand, this creates
more favorable conditions for Russian manufacturers,
because their products are becoming more competitive in
the domestic and international markets. Traditionally,
it is believed that the weakening of the ruble is ben-
eficial to exporting companies. But the benefits from
the weakening ruble for oil companies as exporters of
raw materials does not outweigh their losses because of
the growth of the corresponding tax burden tied to the
national currency exchange rate.

— State finance

This group includes expenses, income, exter-
nal debt, account balance and military expenses, etc.
Russia is characterized by a high level of state partic-
ipation in the economy. Large companies, with state
participation dominate on the national market. Gov-
ernment funding and their effectiveness directly de-
termine economic growth and diversification. With a
significant amount of public external debt, most of the
federal budget funds are spent on reducing the deficit
in the consolidated budget, therefore, there is a de-
crease in expenditures for the development and expan-
sion of production within the country, for social needs,
as a result, everything affects the living standards of
people. Thus, there is a slowdown in the country’s
economic growth.

— Stock Market

This group includes share market, stock market
indices, number of registered companies, etc. The
stock index is the main indicator of the stock market,
which is based on the prices of a group of securities,
reflects the state and dynamics of the securities mar-
ket. Stock markets around the world are interconnect-
ed through communication channels, and information
can spread to investors very quickly. The change in the
index over time allows us to judge the general di- rec-
tion of price movement. Pessimism in the stock mar-
ket causes a decline in quotations, and optimism or a
low level of pessimism in the market contributes to
high trading volumes in the stock market and higher
incomes. Pessimism and optimism equally affect the
stock market in accordance with the theory of investor
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sentiment and the theory of timing for an IPO (market
timing theory).

— Central Bank policy

Includes interest rate, Central Bank assets, etc.
The interest rate is one of the most effective instru-
ments for national economy regulation. The rate re-
duction will stimulate the economy. Borrowing be-
comes cheaper, in the beginning for banks, then for
corporations and then for consumers. The demand for
goods and services is growing. However, the global
economy develops in cycles. And at a certain stage of
economic recovery, the market overheats. In order to
avoid landslide falls, regulatory authorities are taking
measures to smooth out cyclical fluctuations by slowing
down of economic processes by raising the interest rate.

— Macroeconomic factors

This group includes GDP, Industrial production
index, inflation, international trade, etc. Essentially,
GDP reflects the health of an economy, which can di-
rectly affect investor sentiment. You should also use the
values of real GDP, which considers the extent to which
GDP growth is determined by real growth in produc-
tion, and not by price increases. The Industrial Produc-
tion Index is an indicator of business cycles that affect
price fluctuations in the stock market. The growth of the
industrial production index reflects the development of
existing sectors of the economy, which may cause an
increase in the number of IPOs, and, on the other hand,
may indicate the development of knowledge-intensive
industries, whose innovative companies enter the cap-
ital markets in search of investments for development.
Thus, they contribute to the creation of a higher lev-
el of industrial production. As for structural growth,
it has been insignificant in the past seven years due
to the orientation of the economy towards the export
of raw materials while the share of innovative sectors
has decreased. Due to the rigidity of prices, the gen-
eral equilibrium in the economy in a short period is
ensured by changes in quantity. When demand rises,
firms increase production and hire additional workers,
and when demand falls, they reduce production and lay
off workers. Therefore, the observed GDP is greater or
less than the potential GDP, respectively. In response
to high inflation, it becomes unprofitable to make sav-
ings, open deposits, so bank clients withdraw money
from their accounts. Russia is a major participant in
the system of international trade relations. The de-
velopment of international trade in the XX century.
turned it into a decisive factor in economic growth for
most countries in the world.

— Population

Rapid aging of the population is forcing the
world to rethink fiscal, social and migration poli-
cies. This question is especially relevant for Russia,
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where, due to the “demographic trap” of the 1990s,
the birth rate is declining faster than in developed
countries. In Russia, the echoes of the Second World
War remain in the demographic pyramid. As well as
the consequences of the demographic slump of the
90s. Labor force affects labor productivity and the
scale of production. As long as the labor market can
absorb labor, labor productivity will rise. This creates
the so-called “demographic dividend” of economic

growth, which contributes to an increase in savings,
savings and investment.

— Investments

The stock market indicators’ outstripping econom-
ic fluctuations is explained by the desire of investors to
predict the direction of economic development in order to
sell assets at their peak or buy them at the lowest price.
That is why the cyclical development of the stock mar-
ket is ahead of the development of the economic cycle.

Table 1
The different variables and their sources
Variables _Range . Sources
of time series
Real Effective exchange rate 1990-2008 Federal Reserve Economic Data
Government Expenditures 1990-2008 Federal Budget of the Russian Federation
Government Revenues 1990-2008 Federal Budget of the Russian Federation
Public debt (% per GDP) 1990-2008 Trading Economics
Military expenditures 1990-2008 Trading Economics
External debts stocks total (DOD US $) Russian Federation 1990-2008 The World Bank
Use of IMF credit (DOD current US$) Russian Federation 1990-2008 The World Bank
Stock Market Capitalization to GDP for Russian Federation 1990-2008 Federal Reserve Economic Data
E%gg;;f;n;difgﬁgzmem Bond Yields: 10-year: Main for the 1990-2008 Federal Reserve Economic Data
fﬁgﬂgztsziga i%ﬁ;ét?oa:es and Yields: Inter-bank Rates for | 4994 5008 Federal Reserve Economic Data
g:i::; 'Fiztje(asl:aﬁgr\:ernment Securities. Treasury Bllls for 1990-2008 Federal Reserve Economic Data
Central Bank Assets to GDP for Russian Federation 1990-2008 Federal Reserve Economic Data
;g;al Share Prices for All Shares for the Russian Federa- 1990-2008 Federal Reserve Economic Data
g:itll:/)r;{a;tg;';:)ernt(;]yet;uliii;]o:Lzzgf:t?::ge Rate: Average of 1990-2008 Federal Reserve Economic Data
S:gglgnMarket Total Value Traded to GDP for Russian Fed- 1990-2008 Federal Reserve Economic Data
Number of Listed Companies for RF, Number of Listed
Companies per Million People, Annual, Not Seasonally 1990-2008 Federal Reserve Economic Data
Adjusted
o, Index 20152100, Annual. Not Seasonally Adueted | _19%0-2008 Federal Reserve Economic Data
External debt stocks, long-term (DOD, current US$) 1990-2008 Federal Reserve Economic Data
GDP (constant 2010 US$) 1990-2008 The World Bank
GDP Growth annual %. 1990-2008 The World Bank
Inflation, %, consumer prices (annual %) 1990-2008 The World Bank
Population 1990-2008 United Nations
Population (growth rate) 1990-2008 Federal State Statistics Service
Labour force, total 1990-2008 The World Bank
Unemployment 1990-2008 The World Bank
Industrial value added. Industry, value added (% of GDP) 1990-2008 The World Bank
\A/gzgu;?gzldvalue added. Agriculture, forestry, and fishing, 1990-2008 The World Bank
Total Manufacturing Production for the Russian Federation 1990-2008 The World Bank
Total merchandise exports (Russia), annual 1990-2008 World Trade Organization
Total merchandise imports (Russia), annual 1990-2008 World Trade Organization
Commercial services exports (Russia), 1990-2008 World Trade Organization
Commercial services imports (Russia), (Million US dollar) 1990-2008 World Trade Organization
Foreign direct investment, net inflows 1990-2008 The World Bank
Portfolio Investment, net (BoP, current US$) 1990-2008 The World Bank
Current account balance (BoP, current US$) 1990-2008 The World Bank
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Total reserves (includes gold, current US$) 1990-2008 The World Bank
Official exchange rate 1990-2008 The World Bank
External debt stocks 1990-2008 The World Bank
Net international investment position 1990-2008 The World Bank
Cros_s-bor_d_er transactions of individuals,Transfers from 1990-2008 Bank Of Russia
Russia, million USD

C_ross-border transactions of individuals,Receipts into Rus- 1990-2008 Bank Of Russia
sia, min USD

Transfers from Russia made through money transfer sys- 1990-2008 Bank Of Russia
tems, min USD

Transfers to Russia made through money transfer sys- 1990-2008 Bank Of Russia
tems, min USD

Volume of money transfers, RUB billion (for the period) 1990-2008 Bank Of Russia
Transaction volume, RUB billion 1990-2008 Bank Of Russia
Vqume_: pf payments by credit institutions, 1990-2008 Bank Of Russia
RUB billion

3. Forecasting methods and tools

3.1. Optimization of hyper-parameters

Before discussing the forecasting models, it is import-
ant to detail how the hyper- parameters are selected. Let us
take the example of the auto-regressive model AR

YVu=pPWL)Y, +e, (H

where the order p(L) is the only hyper-parameter. To
fix p(L), the standard approach is the selection criteri-
on. The Bayesian Information Criterion (BIC) is used
in this case:

log (Sif‘ﬂ] + Py tug{_]—‘:j )

Where scry); is the sum of squares of the residuals
and where pj denotes the choice of auto-regressive or-
der. Since the first term is decreasing in pj , the second
term allows the BIC to regularize the over-fitting by
penalizing with the number of parameters to be esti-
mated.

Another way of optimizing parameters that is
especially popular in machine learning is cross-val-
idation (CV). Like BIC, CV also selects the optimal
order p, but regularizes using out-of-sample prediction
performance, whereas BIC selection is based solely
on in-sample performance. The popularity of CV is
also due to its simplicity, since it can be practiced
even when the information criterion is not available.
There are several approaches to CV, but the most
popular is based on random resampling (K -fold)
in the training period. Assume that the number of
folds (fold) is fixed at five (another second-order
hyper-parameter). This is equivalent to dividing the
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sample period into five equally sized sub-samples.
Then, four sub-samples are used in turn to estimate
model j of the previously presented grid (forming
the training set in ML language), and one sub-sam-
ple is used to evaluate the out-of-sample perfor-
mance with, usually, the mean square error (MSE)
as metric. The element j of the grid producing the
minimum MSE will be the optimal order estimate.
In this paper we used cross-validation.

3.2. The proposed forecasting models

In this section of the article different models of
the learning machine are used. These models are: Ran-
dom Drills (RF), K-Nearest neighbors (KNN), Sup-
port Vector Machine (SVM).

* Random Forests (RF)

A random forest is machine learning algorithm
that is made up of multiple decision trees to predict
a result, and this collection of trees is often called
an ensemble. It’s powerful tool that is used in many
industries to help companies make better decisions,
reduce risk and maximize success. It’s a very pop-
ular machine learning algorithm that can be used for
classification and regression. The first model using a
non-linear approximation is the random forest model
(de Breiman, 2001).

A random forest consists of many decision trees,
and every tree is built using a four-step process.

Step 1. Create a ‘Random’ Dataset : Bootstrapping
Step 2. Select ‘Random’ Attributes

Step 3. Select best attribute to split Step 4. Split the
attribute

Step 2-4 are repeated until a tree is fully constructed.
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Technically, the Random Forest algorithm is of-

ten shown as follows:

Forb=1toB

1. Create a bootstrap sample, with replacement, B
training examples from x, y. Label these x,, y,

2. Train the tree, f, on x,, y,

3. Average the predictions or take the majority vote to
arrive a final prediction.

‘b’ represents a single tree

‘B’ represents the entire forest

Like decision tree, each tree in random forest is
no different, except that is built from a 100 % unique
training dataset.

This is accomplished by selecting random exam-
ples from the original training dataset and recreating
the dataset for each tree. Technically, this is called
bootstrapping, which is a statistical technique that
makes use of sampling. A major benefit of random
sampling is that every piece of training data is likely
to be included, or represented, in at least one tree in
the forest.

After a random forest has created a new dataset,
it randomly selects at- tributes to split. To do this, al-
gorithm does two things:

First, it restricts how many attributes it will use
for any given branch. To do this, it uses the square root
of the number of attributes as the maximum of attri-
butes it will consider.

Second, it randomly selects the number of attri-
butes.

Next, the algorithm selects the best attribute to
split. To do this, it makes use of entropy and informa-
tion gain to determine the ‘purity’ of each split. The
split with the greatest level of purity is selected.

To make a prediction, there are two ways that a
random forest predicts: majority vote or mean.

Predicting with a majority vote - One option
for making a prediction is to simply take a majority
vote, which means that the class that is predicted
most often within the forest is selected as the algo-
rithm’s final prediction. This approach works very
well for categorical classes, such as ‘Yes’ and ‘No’
or ‘Dog’ and ‘Cat’

Predicting with the mean - Second option for
predicting is to use the mean, or average, of the result
of all the trees in the forest. This is calculated by using
the following formula:

¥ = X1y (x) (3)

y: is the final prediction for the random forest.

y,: represents a single tree.

T: represents the total number of trees in the random
forest.

X represents the prediction of each class for a single tree
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Fig. 1. Decision tree with depth of 4.

¢ K-Nearest neighbors (KNNN)

The K-Nearest Neighbors (KNN) classifier is
one of the most widely used classification algorithms
in machine learning that belongs to the supervised
learning category. This algorithm can be used in re-
gression problems. It records all valid attributes and
classifies new attributes based on their similarity di-
mension. KNN is a statistical recognition model method
for detecting different classes in a model. A tree data
structure is used to determine the distance between the
point of interest and the points in the training data set.

The attribute is classified by its neighbors. In
the classification method, the value of k is always a
positive integer closest to the neighbor. The nearest
neighbors are selected from a set of classes or property
values of the object.

w4

Fig. 2. Assignment of observations to clusters of
classes w1, w2 and w3

¢ Support Vector Machine (SVM)

The support vector machine algorithm is used to
solve classification problems and regression [3]. This
algorithm is a relatively new approach and has shown
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good performance in recent years. The support vector
machine algorithm is based on linear classifiers and in
line-separated data, this algorithm isolates objects into
specified classes [4]. It can also identify and classify
instances that are not supported by the data. The only
extension of this algorithm is to perform a regression
analysis to obtain a linear function, and another exten-
sion teaches how to classify items to obtain a classifica-
tion of individual items.

3.3. Model validation

As in econometrics, it is difficult to give better
results in machine learning. For the validation of the
model in this article we will use Cohen’s Kappa co-
efficient (k). [5] Cohen’s Kappa coefficient is a sta-
tistical tool that measures the agreement between two
raters, determining to which category a finite number of
items belong, and represents the degree of accuracy and
reliability in a statistical classification. The value of
Kappa can be negative, i.e., less than 0. A score of k=0
means that there is random agreement between the rat-
ers, while a score of k=1 means that there is complete
agreement between the raters. Therefore, a score of k
less than 0 means that there is less agreement than ran-
dom. Cohen’s co-efficient Kappa remains calculated
by this formula:

— Po—Pe 4)

Where p, is the observed relative agreement
between raters, which identifies accuracy, and is the
hypothetical probability of strong agreement. The ob-
served data are used to calculate the probabilities of
each randomly observable view in each category [5].
For categories k, a number of elements n and is the num-
ber of time evaluators #, . is the number of time evalua-

ki
tors i predicted category k,

1
Pe = 37 LkMa- iz (5)

4. Empirical results

4.1. Descriptive information

The figure below shows Russia’s economic
trends through its annual collective GDP from 1990
to 2008 between actual and forecast. The ranking of

the reality trends clearly shows that the Russian econo-
my fluctuates considerably. This fluctuation makes pre-
diction more difficult, as traditional econometric tools
cannot provide the best model, so Newton’s method was
used to extend the explanatory power of the data. The
empirical results show that the peak period is defined
at the level, which is above the optimal value (5%).
The graph below shows the Russian GDP from 1990
to 2008 between actual and forecast values.

4.2. The results of the machine learning

algorithm

This step is the comparison of different machine
learning models. For this com- parison we used cross
test validation. Three machine learning algorithms
were used namely K-NN, Random Forest and SVM.
The data set will be divided into two parts. 75% of the
data is used to train the models, and 25% of the data is
used to perform tests.

The results are presented in Table2. In this calcu-
lation Random Forest (rf) is the best model and con-
tains the highest parametric values when selecting by
accuracy values and Kappa coefficient, which are 0.78
and 0.49 respectively.

The Random Forest algorithm has the highest
score among the machine learning algorithms used for
the prediction of macroeconomic variables in Russia.
Moreover, the mean absolute error (MAE) of this al-
gorithm is 0.012595 and the root mean square error
(RMSE) is 0.017032.

Predictions show the following peaks — 1998
and 2008. We can give a proper economic interpreta-
tion. The recovery of the economy after reforms began
in 1996-1997. Price liberalization, capital movements
and large-scale privatization of enterprises at underval-
ued prices led the economy to default in 1998- a deep
economic recession, the depreciation of the ruble, and a
drop in income. The devaluation and freed-up capacity
gave the economy a boost, growing 6.4% in 1999 and
10% in 2000. From 1999 to 2008, the Russian economy
showed GDP growth at an average of 7% per year. By
2008, Russia’s GDP had almost doubled, the poverty rate
had halved, foreign direct investment had risen from $14.3
billion in 2001 to $121.1 billion in 2007. As a result,
Russia continued to attract the attention of investors.

Table 2

Summary table of results

Models

Hyper-parameters

Accuracy Kappa’s Coefficient

Max-depth = 3

Random Forest (rf) Criterion = gini

N-estimators = 100

Max-features = 0.0693

0.7810 0.4999

C = 246.4819

SVM (svm) Gamma = scale

Class-weight = balanced

0.7190 0.5

KNN (knn)

N-neighbors = 14, p = 3

0.5571 0.125

Tpyabl NCA PAH. Tom 73. 1/2023

107



WUHTennekTyanbHbli aHanM3 AaHHbIX

B.K. Amos, I.V. Smirnov, I.A. Aidrous, R.R. Asmyatullin, S.G. Glavina

Conclusion

We use several economic variables in order to make
a prediction. Machine learning systems can handle a
huge number of informative details in databases, in-
cluding qualitative data, quantitative factors and even
time series trends. In this paper, 30 time series vari-
ables concerning the economic structures of Russia
from 1990 to 2008 were included to predict the rea-
sonable future trend. due to relative economic stabil-
ity, to exclude external influence on the results. The
obtained results show that the Random Forest is the
best selected model. As a conclusion, we can say that
machine learning is the appropriate solution for mon-
ey-econometric research in Russia. In an unfavorable
institutional environment, even low inflation can have a
negative impact on economic growth, allowing more to
save rather than spend. Let us also pay attention to the
traditionally ignoring the business cycle nature of Rus-
sian monetary and budgetary policy, which in modern
conditions is actually becoming pro-cyclical.

Random Forest

0100
6075 /____ /_\
F 0oSo —
E
5 oo
e
-
B oomo
LE
[
8 -0os
-0.0%0
= pedictians
~0.075 mality

— — - S—
iy 2000 2002 Fuii 2 ] oG i |
Year

Fig. 3. Russian economic forecasts from 1998 to
2008.

The dependence of the Russian economy on ex-
ternal demand for raw materials and on world trends
formed by world economic and political centers is one
of the reasons for the absence in Russia of the need for
autonomous forecasts of cyclical fluctuations. Imple-
menting the ML techniques, we were able to increase
the accuracy of our results. With advanced artificial
calculations, the empirical result is very precise to real
situations. We believe that the bunch of ML techniques
will ensure and support further research in this field.
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Quantitative large-scale study of school student’s
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Abstract. The paper presents the large-scale analysis results of the distance learning impact caused
by COVID-19 and its influence on school student’'s academic performance. This multidisciplinary study
is based on the large amount of the raw data containing school student’s grades from 2015 till 2021
academic years taken from “Electronic education in Tatarstan Republic” system. The analysis is based
on application of BigData and mathematical statistics methods, realized by using Python programming
language. Dask framework for parallel cluster-based computation, Pandas library for data manipulation
and large-scale analysis data is used. One of the main priorities of this paper is to identify the impact
of different educational system’s factors on school student’s academic performance. For that purpose,
the quantile regression method was used. This method is widely used for processing a large-scale data
of various experiments in modern data science. Quantile regression models are designed to determine
conditional quantile functions. Therefore, this method is especially suitable to exam conditional effects at
various locations of the outcome distribution: e.g., lower and upper tails. The study-related conditional
factors include such factors as student’s marks from previous academic years, types of lessons in which
grades were obtained, and various teacher’s parameters such as age, gender and qualification category.
Keywords: Data Science, Big Data, Python, Dask, Quantile Regression, Conditional Quantile Functions,

COVID-19.
DOI: 10.14357/20790279230113

Introduction

The future of people and their future living stan-
dards are closely related to the education they receive.
A higher education level is essential for achieving
higher living standards. The education system should
provide equal opportunities for equal success for ev-
eryone, regardless of individual and socio-cultural
characteristics, socio-economic status, health status,
pandemics and other factors. Failure to achieve educa-
tional goals will negatively affect a person throughout
his life. Therefore, it is necessary to take a compre-
hensive approach to the problem of inequality in ed-
ucation. The COVID-19 pandemic is fundamentally
changed the society, often exacerbating social and
economic inequalities [2]. It is necessary to devel-
op quantitative models based on modern methods of

* The study (all theoretical and empirical tasks of the research
presented in this paper) was supported by a grant from the Russian
Science Foundation, project Ne 22-28-00923, “Digital model for
predicting the academic performance of school-children during school
closings based on big data and neural networks”.
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mathematical statistics in combination with BigData
methods [12] to quantify the impact of the COVID-19
pandemic on educational systems.

Empirical quantitative analysis in education, psy-
chology, and the social sciences is typically based on
linear statistical models such as least squares regression
(OLS), analysis of variance or covariance, or weight-
ed linear models (e.g., at multiple levels) to calculate
either mean scores of associations between dependent
and independent variable or group differences in the
dependent variable that controls the other independent
variables included to the model. The regression coeffi-
cients obtained with such linear modeling approaches
are averages, usually corrected for estimates of the ef-
fects of covariates present in the model, especially when
analyzing observational or quasi-experimental data. In
OLS regression-based modeling approaches, the regres-
sion coefficients show the “influence” of the indepen-
dent variable x on the mean of the dependent variable y,
taking into account the influence of the remaining inde-
pendent variables [7,11].

Tpyabl NCA PAH. Tom 73. 1/2023



Quantitative large-scale study of school student’s academic performance peculiarities during distance education caused by COVID-19

Quantile regression was introduced nearly 30
years ago as an extension of the typical regression
model (OLS) and addresses the shortcomings of the
typical regression model by allowing to conditionally
estimate different points (called quantiles) in a score
distribution [10]. This method has become a compre-
hensive approach in linear and non-linear response
models for conditional quantile functions. The quan-
tile regression method, based on minimizing the re-
sidual of the “testing function”, allows to evaluate
all conditional quantile functions, just as the classical
linear regression methods, based on least squares esti-
mation, offer a mechanism for estimating conditional
means of functions. In this sense, the regression me-
dian is a special case of the quantile regression mod-
el because the median is the 0.50 quantile (or 50th
percentile). Thus, the quantile regression method is
gradually becoming a unified statistical methodology
and is widely used in education, economics, biology,
ecology, finance, econometrics, statistics and applied
mathematics [18].

In addition to assessing the impact of variables
on different parts of distribution, quantile regression
method has a number of other advantages over OLS.
Firstly, it gives less weight to outliers of dependent
variable compared to OLS. Secondly, it is a more re-
liable method because it allows to distinguish margin-
al effects of independent variables in quantiles of the
dependent variable. Thirdly, when the errors are not
normal, quantile regression estimates can be more effi-
cient than OLS estimates. Finally, the semi-parametric
nature of the approach weakens the restrictions on the
constancy of parameters throughout the distribution of
the dependent variable [6,7].

In this study, we used quantile regression method
to study the impact of COVID-19 pandemic on school
student’s achievements by using a large data set cov-
ering data from all schools of Tatarstan Republic [19].
The data includes student’s marks for main subjects
for grades from 1 to 11, as well as the results of home-
work, tests, laboratory work, practical works, essays,
tests, answers during the lesson, essays, presentations,
dictations, etc. The whole database (records from 2015
till 2021) contains more than two billion information
units, including information on the progress of more
than a million students and the professional activities
of more than 120,000 teachers.

The main purpose of this paper is to expand the
quantile regression methodology by using BigData
methods for using in educational analytics field. We’ve
used quantile regression methodology to build a mod-
els of academic performance dependence for the entire
academic year on many different factors: on grades for
the last academic year and previous mouth, and on
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various teacher characteristics. This work is aimed to
assess the quantitative factors of influence (regression
parameters), caused by introduction of distance learn-
ing on the school student’s academic performance. To
solve this problem, we evaluated quantile regressions
in the 10th, 25th, 50th, 75th, and 90th quantiles. The
distance learning format caused by the COVID-19 ep-
idemic was carried out in schools of the Republic of
Tatarstan in April and May of the 2019-2020 academic
year, therefore we studied this period in detail. In the
2020-2021 academic year, the schools of the Republic
Tatarstan no longer switched to the distance learning
and studied full-time as usual.

1. Review of Literature

Recently, a huge amount of various data has been
accumulated in various in-formational systems and
such databases exists in educational systems too. The
analysis of such a large amount of data in the field of
education analytics has becoming widespread in order
to improve the educational and methodological pro-
cess [13]. For example, in [17] authors use machine
learning to perform an analysis of a large amount of
student’s data, including their academic performance,
in order to identify those who are at risk of being ex-
pelled before the end of grade 9. Special emphasis is
placed on the use of modern data analysis technolo-
gies: classification methods based on trees and support
vector machines, thanks to which the forecast efficien-
cy exceeds 90% [17].

Quantile regression is widely used in statistical
analysis of educational data. This method is used to
investigate the dependence of student’s academic
achievement in mathematics on factors like family
background [18]. The analysis was based on a large
sample of data from 2000-2002 years. As a result of
the analysis, the authors determine the factors that sig-
nificantly affect certain quantiles of the distribution of
student grades, which makes possible to determine the
impact of various indicators on their academic per-
formance [18]. Quantile regression is an appropriate
method for evaluating effects in different quantiles,
including points in the upper and lower tails of the
achievement distribution [14]. Therefore, quantile
scores for multiple predictors can be obtained sepa-
rately in the upper tail of the distribution at the 75th,
80th, 90th, or 95th percentiles [11].

A distinctive feature of quantile regression in the
educational field is that it can be used to assess the de-
gree of difference in the influence of factors on weak
and strong students [20]. In work [1], by using quantile
regression, the analyzed influence of grades received
by students in the final year of the school on their per-
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formance in the university. As a result of the analysis of
a large amount of data, the authors concluded that the
average grade for the first half of the graduating class
of the school and the grade in the certificate on aca-
demic performance at the university has a significant
impact. Moreover, for students in the highest quantiles
(based on the weighted average score for university
courses), this effect is stronger than for students with
poor performance. The authors also compare the re-
sults obtained with the results of a linear regression
model and concluded that quantile regression allows
to consider some important aspects of the relationship
under study in more detail [1].

Also, quantile regression can be used to assess
the influence of students on each other. The work [15]
reports the effect of peers on PISA scores by analyzing
a large sample of statistical data. The average score
of peers in the class and the heterogeneity of their
grades is used as independent variables of the regres-
sion model, and as the dependent variable is the result
of the PISA exam. The authors conclude that for un-
derperforming students these factors have a greater in-
fluence, than for students in the highest quantiles (for
whom the effect is absent or becomes negative), which
suggests that diversity is needed to achieve higher av-
erage results.

In addition, the work [4] used the method of
quantile regression to analyze da-ta from large-scale
studies of educational data of Italian schools conduct-
ed by the INVALSI institute. The regression model in-
vestigated the dependence of academic performance
in mathematics and reading on various characteristics
of both the students themselves and on geographical
factors. As a result, in this work authors established
characteristics that significantly affect student perfor-
mance: gender, immigrant status and the distribution
of performance across all regions of Italy. The authors
also concluded that quantile regression is a powerful
tool for building a model for multivariate statistical
analysis of a large amount of data [4].

Quantile regression is also used to analyze Big
Data, because big volumes of datasets make the es-
timation of regression parameters extremely difficult
due to the vigorous computation and the limited stor-
age space. The solution of this problem is described in
paper [3]. Authors propose an approach, which sim-
ply saves the compact statistics of each data block and
uses them to obtain an estimate of all the data with
an asymptotically small approximation error, instead
of processing all the data together. Another solution is
proposed in work [21]. Authors use subsampling al-
gorithm for the following use of composite quantile
regression — an improved quantile regression meth-
od. Data is split into subsamples, and then the optimal
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subsampling is used for computing the resulting esti-
mators. To deal with high-dimensional data in work [§]
authors developed a new approach by using distribut-
ed computing. In this case, only the master machine
computes penalized quantile regression estimations,
while the other machines only compute subgradient of
the local data. The efficiency of the proposed meth-od
was confirmed on both the numerical simulation and
prerecorded Big Data analysis [8].

2. Methods

2.1. Quantile regression

Quantile regression [10] can be considered as an
extension of the least squares method for estimating
conditional mean models to estimate an ensemble of
models for multiple conditional quantile functions,
by taking into account the effect of a set of covari-
ates on the response variable [4] While the classical
linear regression model detects the change in the con-
ditional mean of the dependent variable associated
with the change in covariates, the quantile regression
model detects changes in the conditional quantiles.
There-fore, since multiple quantiles can be modeled,
a better understanding of how response distributions
are affected by predictors can be gained by gaining in-
formation about changes in location, distribution, and
shape. By analogy with the classical linear regression
structure, the linear regression model for the 6-th con-
ditional quantile y, can be expressed as

Qo =% By (1

where y — is a scalar dependent variable, x; - vector
of k x 1 independent variables,  — coefficients vec-
tor, 0 — the conditional quantile of interest, and it is
assumed that

O, (“i,e | xiﬂ) =0 ()

u, ,— residual term of the regression model in 6-th
quantile.

From Equation 1, it turns out that in comparison
to classical linear regression methods based on mini-
mizing sums of squared residuals, quantile regression
methods are based on minimizing asymmetrically
weighted absolute residuals:

: T T
Inl}nzy,zxfﬁ 0|yi X B +Z},’<X’Tﬁ(1_9) | Yi—% Bl €)

Substituting 6=3, equation (3) gives the medi-
an solution, and by using any 6 from 0 to 1 allows to
study the structure of the dependence anywhere in the
conditional distribution of the response variable [4].

The estimation of the coefficients for each quan-
tile regression is based on the weighted data of the en-
tire sample [7].
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The IBAQ coefficient in linear quantile regression
models has the same interpretation as in other linear
models, i.e.

N an(yi |x)
Py ==

means that each coefficient f3, can be interpreted as
the rate of change of the 6-th quantile of the distribu-
tion of the dependent variable per unit change in the
value of the corresponding regressor, keeping the rest
unchanged.

However, important differences between least
squares regression and quantile regression models re-
lates to monotonic equivariance and robustness to dis-
tribution assumptions in conditional quantiles compared
to these properties in the conditional mean setting [4].

2.2. Dask-based HPC computational frame-

work

For efficient process of a large amount of unstruc-
tured data we have to use Big Data methods, based on
the power of computing clusters. In this work we used
computational cluster containing 4 virtual machines
(each VM has I'TB HDD, 32 GB RAM, 16 CPU cores),
with parallel computing framework Dask installed.
Dask is a flexible parallel big data processing library,
designed to provide scalability and to extend the capa-
bilities of existing Python packages and libraries [16].
The computational framework is based on Dask frame-
work, because it very suitable for processing large data-
sets and Dask is able to perform computations with data
volumes that are larger than the available memory of
single computer [9, 5]. Dask has a dynamic task sched-
uler optimized for cluster based HPC computation, and

(4)

“Big Data” collections like parallel lists, dataframes
and arrays, and extend common interfaces like NumPy,
Pandas, or Python iterators running on top of dynamic
task schedulers [16].

We obtained anonymized datasets, describing dif-
ferent entities (grades, les-son topics, timetable, infor-
mation about teachers and students) as separate csv of
xml files. The total size of raw data files is more than 120
GB. At the initial pre-processing stage, the raw data-
sets (csv of xml files) were loaded into data structures
called Dask DataFrames. We used Dask’s DataFrame.
merge() method to merge by some key the data frames
obtained by loading different data files, be-cause the
raw data has been scattered in different files. Grouped,
reduced and aggregated DataFrames obtained from raw
datasets subsequently were processed by using quar-
tile regression methods in parallel mode (for different
grades, sub-jects, etc). The analysis was carried out by
using the quantile regression method implemented in
the statsmodels.formula.api library.

As an example, here we briefly present Python
scripts and a diagram describing the process of Dask
framework based parallel calculation of quantile regres-
sion coefficients for one case (quantile regression coeffi-
cients calculation for specific grade and subject) (Fig. 1).

Data processing in parallel mode is started by
calling student’s mean marks containing dataframe’s
apply method, and by specifying the corresponding
method name (ProcSubjects), which must be executed
in parallel mode as a parameter of dataframe’s apply
method. To perform parallel processing for distinct
grades, the following call to the apply method Process-
Grade is used. The example of one kind of pipeline

Algoritml
Bldef ProcessSubject(df marks_subject):
#iquantile regression calculation for spesific grade and subject

def ProcessGrade(df marks_grade):

return df_marks_pgrade.groupby([ "subject_title"]).apply(ProcessSubject)
dask_job=df marks.groupby(["grade_number®]).apply(ProcessGrade)

result=dask_job.compute()

Algorithm?2

def ProcessGrade(df marks_grade):

#quantile regression calculation for spesific grade and subject

def ProcessSubject(df marks_subject):
return df_marks_subject.groupby{['grade_number*]).apply(ProcessGrade)
dask_job= df marks.groupby(["subject title']).apply(ProcessSubject)

result=dask job.compute()

Fig. 1. Examples of Python scripts for Algorithm1 and Algorithm?2
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Fig. 2. Dask distributed based computational algorithm architecture for Algorithm 1

(Algorithm1) on Dask-based distributed data process-
ing frame-work is shown schematically in Fig. 2.

The calculation process started in Dask cluster
effectively executed in parallel mode (Fig. 2). The re-
sults presented in these graphs show the acceleration
of the computing process when using a computing
cluster in comparison with system based only 1 VM.
For evaluation of the computational efficiency compu-

L4001 . algerithen]- 1w
—eee abgerithend v
slgorithm1- dvm
1300 | == algorithemi- dvm
% 1000
z
E
£
¥ o
E
600
a0g

tations performed by cluster, we conducted a compar-
ative analysis of the speed of performing calculations
for Algorithm1 and Algorithm2, using only one node
(1 VM) and full computational cluster (4 VMs). We
also analyzed the influence of the npartitions parame-
ter, which sets the number of data partitions into which
Dask splits the initial dataframe at the beginning of
processing (Fig. 3). By using a parallel algorithm

s patitions

Fig. 3. Comparative analysis of computation time for Algorithm1 and Algoritm2 on a computing cluster con-
sisting of 4 virtual machines and one virtual machine
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based on the Dask cluster (with 4 VMs) speeds up the
calculation process by almost 3 times (from 786 sec-
onds to 280 seconds for Algorithm 2). The value of the
npartitions parameter greatly influences the speed of
calculations, with an increase this parameter value de-
creases the calculation time if the full cluster (4 VM)
is used. Increasing this parameter value in the compu-
tational system containing only using 1 VM leads to
an increase in the calculation time. The graphs also
show that the use of Algorithm?2 gives slightly higher
performance compared to Algorithm]1.

3. Results

The analysis of the data was carried out in sever-
al stages, divided according to the objects of the dis-
tinct study, and mostly performed in parallel mode by
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quarntile = 0.25 {a)
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using Dask framework. Basically, we have maximally
carefully analyzed 25% and 75% quantiles. The most
significant results are presented in Fig. 4-7. The central
line shows the values of the regression coefficients,
dotted lines show 95 % confidence intervals for the
regression coefficient’s distribution.

At the first stage, we studied the dependence of
school student’s marks on the characteristics of teach-
ers: age, qualification category, and gender for differ-
ent subjects (Fig. 4). For comparison, we also provid-
ed the values of the quantile regression coefficients
for the 2018-2019 academic year (full academic year
without distance learning) Basically, before the of the
distance learning begin in April month, the distribu-
tion of the quantile regression coefficient is the same
as for all previous months, which indicates a similar
distribution of marks for all students in these months.

2018 Russian language. 5-8 grades
0.004 guantile = 0.25 (b}

— 2019

=0.004
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Fig. 4. Distribution of quantile regression coefficient describing the influence of the teacher’s characteristics
on student’s grades for 2018-2019 and 2019-2020 academic years: (a) regressor variable - teacher age, 25%
quantile, grades 5-8, subject Biology; (b) regressor variable - teacher age 25% quantile, grades 5-8, subject
Russian language; (c) regressor variable - teacher category 75% quantile, grades 1-4, subject Mathematics;
(d) regressor variable — teacher’s gender, 75% quantile, grades 9-11, subject Russian language
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Significant differences in quantile regression coef-
ficient appears in April and May months for some
subjects, and quantiles. In the case of a teacher’s age
as a regressor variable, differences appear in biolo-
gy (Fig. 4(a)) and foreign language for 25% quan-
tile (grades 58, not shown), i.e., for low-achieving
students. But in other groups considered or in other
subjects, there is no statistically significant differ-
ences (for example see Fig. 4(b)). By using quali-
fication category as a regressor variable significant
differences appeared in one of the main subjects:
mathematics (Fig. 4(c)), geometry and algebra for
all age groups and quantiles of 25% and 75%, this is
especially noticeable for the April month. By using
teacher’s age as a regressor variable we discovered,
that the distribution of the regression coefficient did
not change significantly during distance education
(for example see Fig. 4(d)).
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We also noticed, that the values of the regression
coefficients in the models for 2018-2019 academic
year, describing the dependence of school student’s
marks on the characteristics of teachers, are usually
higher than in the such models for the 2019-2020 aca-
demic year. This fact indicates that after the introduc-
tion of distance learning, the teacher’s features began
to play a smaller role in the distribution of regression
coefficients for all students.

At the next stage, the dependence of marks for all
subjects for the 2019-2020 and 2020-2021 academ-
ic years on marks for the previous academic year was
studied (student mean marks for the previous academ-
ic year were taken as a regressor variable). In Figure
5 we present of the regression coefficients values for
individual months, and for different subjects. It can
be seen that immediately after beginning of the dis-
tance education (April-May 2020), the dependence of
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Fig. 5. The quantile regression coefficients, describing the dependence of marks on the previous academic

year marks, for all subjects for the 2019-2020 and 2020-2021:

(a) 75% quantiles, grades 1-4, subject Math-

ematics; (b) 75% quantile, grades 5-8, subject Algebra; (c) 75% quantile, grades 9-11, subject Russian lan-
guage; (d) 25% quantile, grades 1-4, subject Russian language
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grades on the grades of the previous year decreased
significantly (the drop was up to 0.4, see Fig. 5(a)),
which can be explained by the period of adaptation to
the new format of education. Maximal drop of regres-
sion coefficient values is observed for 75% quantile
(Fig. 5(a, b, c¢)), whereas for 25% quantile the lower
values of this is drop observed (Fig. 5(d)). This feature
is observed for all subjects and for different age groups
of students. For the 2020-2021 academic year, there is
no such sharp decline, what indicates the normaliza-
tion of the educational process for this time.

A similar analysis of quantile regression coef-
ficients conducted also for different types of assess-
ment without division to subjects (Fig. 6). Here we
observed a sharp decrease in the quantile regression
coefficient for students of all age groups for “class-
work” and “homework”, 75% quantile (Fig. 3(a, c))
in April and in May of 2019-2020 academic year. At
the same time, the regression coefficients for “control

work” remained practically unchanged (Fig. 3(b)).
Also, the regression coefficients for lover quantiles
1.0
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does not changes significantly (Fig. 3(d)). But just a
year after the introduction of distance learning, the
regression coefficient did not decrease, and in some
cases even increased significantly (the increase was up
to 0.35, see Fig. 3(d)).

At the final stage of the study, we analyzed the
coefficients of quantile regression model describing
the dependence of marks in the month of distance ed-
ucation start (April) on marks in the previous month
(February). The detailed analysis was performed for
distinct subjects and distinct types of assessment (the
most characteristic results are shown in Figure 7). Ac-
cording these data, we concluded that during distance
education for students from the 10%, 25% and 50%
quantiles, nothing has changed in terms of academic
subjects and types of assessment. However, for stu-
dents in 75% and 90% quantiles, the transition to dis-
tant education has a critical impact, due to which the
dependence of grades during distance education on
grades for the pre-distance period decreased signifi-
cantly (see, Fig. 7).
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Fig. 6. The quantile regression coefficients for different types of assessment for 2019-2020 and 2020-2021

academic years: (a)

75% quantile, grades 1-4, type of assessment «class work»; (b) 75% quantile, grades 5-8,

type of assessment «control work»; (c) 75% quantile, grades 5-8, type of assessment <homework»; (d) 25%
quantile, grades 9-11, type of assessment <homework»
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Fig. 7. Distribution of the 2018-2019 and 2019-2020 quantile regression coefficients de-scribing the depen-
dence of April marks on the corresponding February marks: (a) grades 1-4, subject Mathematics; (b) 9-11
grades, subject Geometry; (c) grades 1-4, type of assessment «control work» ; (d) 9-11 grades, type of as-
sessment «control work» . The values of quantile regression coefficients were plotted out against to the corre-
sponding quantiles.

Conclusions

In this paper, we analyzed school student’s
academic performance in the peri-od before and
during distance learning caused by COVID-19. The
analysis per-formed on the basis of data obtained
from “Electronic education in the Republic of Ta-
tarstan” system. The analysis and interpretation
of distance education effect is performed by using
quantile regression approach. The Big Data pro-
cessing framework Dask is used as a basis of data
processing systems computational architecture. We
developed high-performance cluster-based data
processing pro-gram scripts for efficient quantile
regression coefficients calculation in parallel mode,
and performed analysis of the proposed algorithm’s
computational speed.

118

In the course of the study, we established that
after transition to a distance learning, the first two
months (April and May of 2019-2020 academic year)
showed the greatest differences in the parameter val-
ues of quantile regression model, what indicate a pe-
riod of adaptation to the new learning model. Statis-
tically significant differences are existing both in the
dependence of marks on the teacher’s features, and
for regression model coefficients for different years
of study. Also, the parameters of quantile regression
models significantly differ for different quantiles.
Thus, it was possible to establish that during transi-
tional moment (the period from February to April), the
quantile regression coefficients for the group of stu-
dents with high academic performance dropped sharp-
ly. This means that the dependence of April grades on
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February grades has decreased in the 2019-2020 aca-
demic year, what means that if a student received high
grades before, then new grades are less determined by
old ones. These findings suggests that there are signif-
icant alterations in academic performance in different
groups of students immediately after transition to dis-
tance learning format in April 2020. Moreover, there
may be differential study-related factors effects at dif-
ferent points in the conditional distribution of school
students’ academic performance.

Marks in mathematics, geometry, algebra began
to depend more on the teachers’ qualification category
for “weak” and “strong” students (changes are insig-
nificant for “average” students). This result shows that
in the face of unexpected and fundamental changes in
the educational process, teachers’ qualification is one
of the stable factors influencing the assessment of the
academic success of students in the field of technical
disciplines. We also conclude that older teachers were
worse adapted to the distance learning format during
the period of mass digitalization of the educational
process and assessed the progress of students in a sim-
plified format.

Students did not immediately join the distance
learning format, this caused them difficulties, there-
fore, their grades in the most difficult and important
sub-jects decreased. It is easier for students to learn
mathematics offline. As for the humanities and natu-
ral sciences, they are easier to perceive in a distance
learning format. It was more difficult to learn such
subjects as physics, algebra, geometry and the Russian
language for school students in a distance learning for-
mat. Stronger students who are accustomed to express
themselves in the classroom lose this opportunity in
the distance learning format and therefore have lower
grades compared to last year. Here we can talk about
how limited the possibilities of the distance learning
for-mat in the educational process are. This is also ev-
idenced by the fact that by the new academic year the
educational process has normalized.

During the distance learning format, the oppor-
tunities for the manifestation of each student are lim-
ited. Most likely, there is a distraction factor, when
online students are more distracted, less focused on
the educational process. While in the offline learning
format, each student is in front of the teacher, every-
one is included in the process of education, and strong
students have more opportunities to actively manifest
themselves, get involved in the process, and compete
with each other. Here we can say about the impor-
tance of the influence of the educational environment
on the manifestation of strong students, so on their
grades. This confirms the fact that the test scores have
not changed much. With the introduction of distance

Tpyabl NCA PAH. Tom 73. 1/2023

learning, strong students have sharply decreased their
motivation to learn. Probably, for successful students,
the opportunity to express themselves, communicate,
and be included in the educational process as much as
possible plays a big role. With the introduction of a dis-
tance learning format, these opportunities are reduced.
Therefore, those students who had high and very high
academic performance were no longer included in the
learning process due to a decrease in interest in it. This
was especially pronounced in basic subjects, as math-
ematics and the Russian language.

Thus, it can be concluded that the introduction of
quarantine and distance learning format had a greater
impact on students with high academic performance.
This is especially true for such subjects as algebra, ge-
ometry, Russian language. It can be assumed that the
online format does not allow to fully integrate into the
educational process, and those students who can be ac-
tively involved in the traditional format, are interested
in the learning process, lose this opportunity and the
ability to actively participate in the online format.
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CTpyKTypa v 3BONIIOLUNSA PaCCEeAHHbIX 3Be3AHbIX CKOMJIEHUM:

Teopus n HaGnwgeHna Ha OCHOBe AaHHbIX Gaia*

E.C. IToctHukoBA!, O. JI. PasyxuHA!, A.B. TYTYKOB!,
C.B. BEpEmarud!, H.B. UynmaAa!, A. I1. IEMuoB"

! depepansHoe rocyaapCcTBEHHOE yypexaeHne «MHCTUTYT acTpoHOMUN
Poccuinckon akagemumn Hayk», r. Mockea, Poccus
"' Align Technology, Inc., r. Mocksa, Poccus

AHHOTauusa. PaccMOTPEHO CTPOEHME 1 3BOJIIOLMS PACCESHHbIX 3BE3OHbIX ckonneHuii (P3C) Ha npumepax
P3C Mneagsl n rpynnsl P3C B obnactm Meya OpwuoHa. MNpoBegoeH otbop 3Be3n no AaHHbiM Gaia.
MpocnexeHa cBA3b ckorieHnin Meda OpuoHa ¢ MONEKYNSIPHBIMM 06nakamMu No AaHHbIM KOCMUYECKOro
annapata «[epwenb». loka3aHO MECTO PaCCMOTPEHHbIX OOBLEKTOB B OOLLEN CXEME 3BOMOLMN,
cocTaBfieHHoM Hamu paHee. CaenaH BbIBOA, O HaspeBLUueli He0OXOAMMOCTU pacLUMpPeHns Knaccudukaumm
P3C. PaccmoTtpeHHas 3Be3gHas cuctema [lnesin nokasana HanmyiMe OOLIMPHOro 3BEe34HOr0 raso.
HainpeHHblit B okpecTHocTM P3C 3Be3gHbit MoTok Pui® — 3pupaaHa, BEpPOSTHO, FeHEeTUYEeCcKn CBS3aH
¢ MnespaMn U COBMECTHO C HMM MPEACTaBASIET OcTaTkm pacnaslweinics OB accouvaumm. B obnactu
Meua OpwuoHa Habnopalowwmecs mMonogble P3C, no Bceil BEPOSTHOCTWU, CBS3aHbl C MONEKYNSPHbIMU
o6nakamn. Meu OpuoHa sBnsieTcs BUAMMOWN ¢ pebpa OMCKOBOM CTPYKTYPOI NMPOLAYKTOM CTOJIKHOBEHUS
OBYX MMraHTCKMX MoNekynspHbix o6nakoB. JaHHble 0 P3C 6bicTpo nononHsoTes, ymicno P3C pacTeT 3a
CYET uX BbisiBNeHNs B 063opax Gaia. AHann3 gaHHON 06nacT MOXET MOBTOPATLCS U PACLUMPSTLCS MO
YBENNYMBAIOLLIEMYCS CO BPEMEHEM 0OBbEMY AaHHbIX C MOMOLLIIO NMPOBEPEHHLIX METOAVK, YK/IaAbIBasiCb B
KOHLIEMLMIO YrpaB/ieHns AaHHbIMU B 061aCTsSX C MHTEHCUMBHBIM MCMOJSIb30BAaHMEM [AaHHbIX.

KnioueBble cnoBa: vMHpOpPMAaLMOHHAsI NoAAEPXKa, PACCEsHHbIE 3Be3AHble ckorieHws, nesabl, 00-

nacte Meya OpuvoHa, aHanTvka, yrnpasieHue AaHHbIMU.

DOI: 10.14357/20790279230114

BBenenue

P3C mnpencraBasioT coOoW 3BE3NHBIE CH-
CTEMBI, CBSI3aHHBIE OOIIUM TPOHMCXOXKICHUEM
n rpaButanueii. P3C sBnstorcs HEOOXOIUMBIM
HHCTPYMEHTOM JUIsl HW3YYCHHUS DBOJIOINUU KaK

* Pabora BeInoNHEeHa pH puHaHCOBOM noaaepxke PODU u B pamkax
Hay4HOro mpoekra «TeopeTndeckas XMMHKO-AMHAMMYECCKAs MOJCIb
aucka ['aTakTHKM: pacCesHHbIC CKOIUICHHS KaK MapKepbl ANHAMHYC-
CKO¥1 BOITIOIIMIY, TpadT Ne 20-52-12009.
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3Be3n, Tak u [amaktuxu. MccinemoBanue 3Be3a-
HBIX CKOIUIGHUH TO3BOJMJIO MPEIJIOKUTE CXEMY
UX KJIaccU(pUKAUK 10 BHEIIHEMY BUAy (pacmpe-
JieJIeHUE TUIOTHOCTH 3BE3]] 110 Pajinycy CKOTUICHUS
C BBIACTICHHEM SIApa U KOPOHBI) M CBOWMCTBaM, OC-
HOBAHHBIM Ha BUJE UX AMArPaMMBbl BET-BEINYH-
Ha (sipuaiiume 3Be3abl, Bo3pacT). anueie Gaia
MO3BOJIMIIA ACTATU3UPOBATh 3TY CXEMY, YTOYHHUTH
BO3pacTbl U paccToAHUs cKoruieHud ot ConmHua u
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MeToabl 1 MOoAenu B eCTEeCTBEHHbIX Haykax

E.C. MocTHukoBa, O. J1. PabyxuHa, A.B. TyTykoB u ap.

HU3YUYUTh CTPYKTYPY KaK LIEHTPAJIbHOW YaCTU CKO-
IJICHUS, TaK M JaJIEKON OT meHTpa nepudeputo
(rano, nutefigsr (“Kombs’), yaaleHHbIe MUICH(BI
(“cynepkormbs’). Bo3pociiast Haie:xHOCTh JaHHBIX
0 CKOpOCTAX MO3BOJMJIa Oojiee TOYHO (Ha ypOBHE
TOYHOCTU MeHee ~1 KM/C) M3ydarh KHUHEMAaTUKy
3BE3[IHBIX CKOIUICHUH, YTO Ba)KHO JUIs Haumbosee
MOJIHOTO TIOHMMAHHS TOTO, KaK (POPMUPYIOTCA H
pasBuBatorca P3C. Ora 3agaua akTyanbHa Ha J1aH-
HBIIl MOMEHT, TaK Kak IOJIyYHB OOJBIIE JaHHBIX,
BO3MOXKHO HanOoJiee rTyOoKo 3arsHyTh B 0COOCH-
HOCTH JIBHKCHHSI MOJIOABIX CKOIUIEHUM U HaXOJs-
Ierocs BOJM3U HUX Ta3a, 9YTO MOXKET JaTh KIIFOU K
Han0oJiee TOYHOMY MOHUMAKD TOTO KaK 00pa3yroTcs
3BE3/IHBIC CKOILICHHUS, KaK BEAyT ceOs mocie moTepu
ra3a M HaCKOJBKO OCTaTOYHOE IIPUCYTCTBUE ra30-IIbI-
JIEBOU CTPYKTYPHI BIUAET HA UX CBOMCTBA. OCOOEHHO
HaIIAHA JJIs 3TOTO PAacCMOTpEHHAs 3/ech 001acTh
C HECKOIBKUMU OJIU3KO PACIONIOKCHHBIMH APYT K
npyry P3C. Kpome Toro, crtamo BO3MOXHO 0OHapy-
JKUBATh JTBOWHBIC M KPATHBIC CKOIUICHUS. AKTyaib-
HOCTPH 3a7a4i 00OCHOBaHA M TEM, YTO PE3YNbTaThI,
nonydeHHble KA Gaia [1], [2] u Haubonee KpynHBI-
Mu kocmuueckumu MK teneckomamu “I'epmiens” u
“IIxeiimc ¥Y3060” [3] nemaroT BO3MOXHBIM H3ydaTh
sBomonuio P3C mytem comocraBiieHus] TaHHBIX 00
P3C u raze. 3aymava akryaiabHa W TEM, YTO JIAHHBIC
Gaia akTUBHO HCIIOJIB3YIOTCS JJIs1 OTKPBITHS HOBBIX,
panee HeusBecTHbIX P3C [4], [5]. Yucno BelIeneH-
HbIX P3C MOXKET yBeNUYUTHCS Ha TOPSIOK U JOCTHUT-
HYTh HECKOJIBKHUX JECITKOB THICSY.

1. Kparkas ucropus kiaaccupurxanun P3C

[To Mepe HaKoIUIeHUS! HAOMIOAATENbHBIX TaHHBIX
CTaJIM TIOHATHBI Pa3Nuyuus MeXIy oraenbHbiMu P3C,
KOTOpBIE MO3BOJIMIIM OCTABUThH BOMIPOC 00 OMMCAHUU
WX MHOTooOpasusi ¢ IOMOLIbI0 pa3paboTaHHOU Kiac-
cudpukanmu. [lonauany Takas knaccupuKaus cTpou-
JIach Ha pas3iMuuy BHEIIHEro Buaa ckorieHui. Kiac-
cudpukauua baiinu 1908 [6] opueHTHpOBaHA HA y4yeT
CTENEeHN KOHLEHTPALUU 3Be3/, NPOCTPAHCTBEHHYIO
(dhopmy ckoruieHus (paBUIIbHOM, CpaBHUTENBHO Tpa-
BUJIbHOM, HENPABUIIBHOM, pacCesiHHOMN ) 1 mapaMeTpam
sipuaiimmx 3Be3/. C momornkko karanora P3C, cocras-
neHnoro Menotre (1915) [7], mocTpoeHa kiaccudu-
kanus P3C Ha ocHOBe mpeiokeHHON cxembl baitnn
[6]. IToznnee pabora Obuia nmpomomkena Paabd (1922)
[8]. Bekope Tpromiutep (1925) [9] npeanoxun ¢usu-
YeCKH 000CHOBAHHYIO KJIACCU(HUKALINIO, OCHOBAHHYIO
Ha nuarpamme lepummnpynra-Peccena (I' P). Ilpm
9TOM OBbUI UCHOJNB30BaH CHEKTPAIbHBIN Ki1acc caMoin
SIPKOM 3BE3[bl IIABHOW MOCIENOBATENbHOCTH. JTa
knaccudukanus Obuta pa3BuTa B paborax MapkapsHa
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[10]. Takum oOpa3om, OCHOBOU KiacCHU(pUKAIIUU CTa-
mu BHewHu# Bug P3C u nuarpamma nBet — 3Be3aHas
BennunHa. COBpeMeHHBIN B3I Ha ycTpoicTBo P3C
nokasaH Ha Puc.1.

2. [IpenmymecTBa 1anHbIX Gaia

Ha rtekymuii momenT mouck HOBeIX P3C ocy-
MECTBISIETCS B aBTOMAaTHYeCKOM pexume. Tak Kak
Oonbie 00BEMBbI JaHHBIX HAONIONEHUN HE I03BO-
JISTIOT OBICTPO M KAYECTBEHHO OTOXKIIECTBISITH TaKUe
WCTOYHUKU BU3YaAIIbHO, K TOMY K€ cllaboHACEICHHbBIS
3BE€3/]JaMU CKOTUICHUS YaCTO CIIMBAIOTCS ¢ 00muM o-
HOM U WX yJI0OHEEe OTOXKIECTBUTH IO COBOKYITHOCTH
HECKOJIbKUX IMapaMeTPOB OJTHOBPEMEHHO. Bu3yasibHO
HEpeanbHO MPOCMOTPETh U BBIACIUTH Ha HEOESCHOU
cthepe P3C, paccmarpusas 1o 1.8 mupa. 3Be3n Gaia.
Opnako, aBromaru3anus moucka HOBbIX P3C moxker
MPUBOJIUTH K TOMY, YTO OJTHO U TOXE WJIU U3BECTHOE
P3C Bwigensitorcst mopropHo. [Ipu 3Tom paccmarpu-
BaroTCs 3Be3/bl 70 20 3BE3HOW BEIMYWHBI, YTO Ha
HECKOJIBKO BEJIMYMH ciabee pacCMOTPEHHBIX paHee (B
karanore MWSC, Milky Way Star Clusters, XapueHko
u 1p. 2013 [11]). Mcnonb3oBaHUe BEICOKOTOUHBIX JaH-
HbIXx Gaia TO3BOJIUIIO TOBOPHUTH O JIOTIOJHHUTEIBHBIX
rapameTpax KiacCHu(QUKaIuu CKOTUICHUN, BKITIOYAst HE
tonbko Gopmy P3C u ocobenHoctu nuarpammsl I'-P,
HO CJeyole mokasareiau. 1o 1) 1BoiCTBEHHOCTh
Y HBOJIIOLIMOHHBIN CTaTyc, 2) HaJIM4Yue SK30IUIaHET, 3)
CTeNeHb pa3BUTHUS LUIEH(OB, 4) NMPUHAIIEHKHOCTh K
rpyIIe CKOIUICEHUH, MPEeCTAaBIAIONICH POAUTENbCKYIO
OB acconuanuzo.

3. CoBpeMeHHBIE NIPeACTABJICHAS
o ctrpoennu P3C

P3C coctouT u3 ueHTpaibHOM YacTu (sapa),
KopoHbI (monmoctu Porma), nuteiidoB auccunaTuBHON
MIPUPOBI, WIIH ““3BE3HOTO KOTbA ™, BKJIFOYAIOLIETO MO~
tepsHHble 3Be31b6l 1 AKII (acTepousbl, KOMETHI, 1A~
HEeThl) 00BEKTHI, a TaKoKe U “cymnepkomnbs”. [locnennue
BKJIIOYAIOT 3BE3/Ibl, MOKUHYBIIKE pacnasimecs P3C,
u BopkuBIMe P3C pacnagaromeiicss poauTeNbCKon
3Be3/IHOH accouuanuu. Bee nepeuncieHHble CTPYKTY-
pot u crpoenue P3C nokazano Ha Puc.1.

4. 3Be3anbie 1 AKII moroxkn

[Mpupona IBIKYIIMXCS 3BE3MHBIX TOTOKOB JOM-
roe BpeMs ocTaBajach HeompezeleHHOH. BeposTHo,
M. ®dnaMmapuoH mepBbIM 00paTHI BHUMAaHUE HA BO3-
MOXKHO€ CYLIECTBOBAaHHE JMHEHHOW IIETIOYKH 3BE3]
“celestial road” Ilnesn (Xonmc 1894) [12]. IIpokTop
(1869) [13] Hamren cxoncTBO cKopocTel 3Be31 B Temnb-
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CTpyKTypa 1 9BOJIOLMSA PACCEAHHbIX 3BE€3OHbIX CKOMEHWI: Teopus 1 HabnioaeHUsa Ha OCHOBe AaHHbIX Gaia

KONLE  CYTICPRMILE
300 nk

AOTOE PRI
OB socoummanm

ERERIMOC KIHILE
croiptesma [ ne

CYIEPRDIELE CRMLIEHIE
1{NH) i

Puc. 1. Crpyktypa P3C ¢ maccoii ~10° M,

C ykasaHueM maclutabos

11e co ckopocThio 3Be3n [Tnesn. C camoro Hayana ObUTIO
MOHSATHO, YTO JUIsl HAJIE)KHOTO OTOXKIECTBICHUS 3BE3/1-
HBIX 10TOKOB B ["anaktrke BOnn3u ConHia HeoOXoau-
Ma HajexHass MHQOpMaIuUs O CKOPOCTAX OOJBLIOro
KOJIMUECTBA 3BE3]] U OINpENeNeHne UX PACCTOSIHUNA OT
Connua (Qanuurron 1909) [14].

Ckopee Bcero, OOJIBUIMHCTBO 3BE3/] POXKIAIOTCA
B 3BE3JHBIX CKOIUIeHUsX. [locneanue, Kak mpaBuio,
pacnagaroTcs Mocie NoTepy UMHU ra30BO KOMIIOHEH-
ol TyTykoB (1978), [15], Puc.2. B pabote TyTykoB
u ap. (2021) [16] ¢ TOMOIIBIO MPOCTHIX YUCIEHHBIX
Mozeseil mpoBeeH aHajdu3 (OPMHUPOBAHUS U DBO-
JIIOLUU TOTOKOB, COCTOSIIMX W3 acTpO(U3HUUECKUX
00BEKTOB Pa3IMYHON MPUPOBI, BKIIOYAIONINX 3BE3-
Ibl, 3BE3/IHbIE CKOIUICHHUS, acTEPOMJIbl, KOMEThl W
mna”eTsl (Puc.3). Ilpaktuuecku Bce 0003HaYEHHBIE
MOTOKU celyac HaOmogatoTcs. B pabore TyTykoB
u gp. (2021) [16] mocTpoeHbl YHCIEHHBIE MOAEIU
MOTOKOB, TF€HEPUPYEMBIX KOMETaMH, acTepOHIaMHU,
3B€3JJaMU M HMX CKOIUICHUSIMH, TallaKTUKaMH B HX
CKOILJIEHUSIX M PACCMOTPEHBI YCIOBUS pa3pyLIeHUs
HUCXOIIHBIX OOBEKTOB.

I'MO OB accoumnaums
|":' ?_F:'F -'l‘j. InEuamioe

» IOF : :
Q "C%% EaE

Ofpaiosanise  Pacean ) %
P30 a F3C
thponme

CIHpAALIaR
BEHR

]

TUITRHCTH

Puc.2. CueHapuin agonioumn P3C 1 popmmpoBaHms
3BE34HbIX NOTOKOB

5. Ilpupona 3Be31HBIX OTOKOB

HazoBeM Bo3MOXKHBIE NPUYUHBL PA3PYHICHUA
ACTPOHOMHUYCCKHUX O6’LCKTOB, BE€AYIIHEC K MOABICHUIO
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Puc.3. Ctpyktypa CONHEYHOM CUCTEMBI

IIOTOKOB U HX JJIEMCHTOB. Bce ITaHETHBIC CHCTEMBI
MPOHU3BIBAIOT ACTEPOUIHO-KOMETHBIC W/WJIA METEO-
pouiHbIie MOTOKK. OHU SBISIOTCS MPOAYKTAMH Pa3py-
IIEHUsST acTepOuIOB U KoMeT. ClieyeT OTMETHTh, YTO
TaKHe MOTOKW HEOOSI3aTEeNbHO SBISIOTCS TPOIyKTaMHU
paspylieHus: acTepouioB U koMeT. OHU MOTYT 00pa-
30BBIBATHCS U ITyTEM KOHJICHCAIIUU Ta30TBIICBBIX MTPO-
JTyKTOB, SIPKUW TIPUMED — IIaHETE3UMAJIH.

Kak y»e roBopuiioch BHIIIIE, TUIAHETHBIE CHUCTE-
MBI O0JIAJIaf0T TaK HA3bIBAEMBIMH “‘KOTBSIMU’, TIPEJI-
CTaBJISIONIUMHU COOOM acTepOUTHO-KOMETHEIE (par-
MEHTHI (TTpuMep TuTaHneTHO# cucteMbl ComHila Ha Puc.
3). JlnuHa Komui orpenensieTcs: BO3pacToM UX POJU-
TEIIbCKUX 3BE3J M MOXET JOCTHraTh I'aJIAKTHYCCKHX
macmtaboB, TyrykoB u CmupHoB [17]. 3Be3nHbIe
ckomieHus obOmamaoT AKII3 xompsMu, TO €CTh Ha-
psany ¢ AKII oObekTamMu BKIIIOYAIOT B CBOM COCTaB U
3Be3abl. Pacnag OB acconmaliuii BeIeT K IOSBICHHUIO
mupoknx AKII3 konwif U MOTOKOB, BKIIFOYAIONIUX B
CBOI COCTaB M OTJEIbHBIC CKOIUICHUS, COXPAaHUBIIH-
ecs Tocje UCXOAHOW MOoTepu MMM Trasza. Paspymenue
CIIyTHUKOB MAaCCHBHBIX TaJaKTUK BeIeT K IOsBIIe-
HMIO 3BE3JHBIX ITOTOKOB rajJJaKTHUYECKHX MAacIITaOoB.
Pa3pyiienue rajgakTuk B X0/€ CTOJIKHOBEHUN BHYTpPHU
CKOIUJICHUH TaJIaKTHK TPEBpPAlacT 3TH TajJaKTUKU B
IIUPOKHUE 3BE3THBIC TOTOKU, COCTABIISIOIINE, B KOHEY-
HOM UTOTE, HEMPEPHIBHBIN 3BE3IHBIN (DOH CKOTUICHUH
rajakTHK.

Ha3zoBeM oOCHOBHBIE TIPOIIECCHl pa3pyLIEHUS
HaOmomaeMbIX OOBEKTOB M cuUcTeM. JleasHble sapa
KOMET Pa3pylIAlOTCs B MPOIECCE MCIAPEHUs Jbla U
BBIOpOCA TBUIM U KaMHEW JaBJICHUEM BOASHOTO Mapa
Ha ropsiaux opouTax BOKPYT CBOMX 3Be3/l. ACTEPOUIBI
paspylarTcs B XOJE€ MX B3aUMHBIX CTOJKHOBEHHUHU.
MaccuBHbIE, AalleKHe OT CBOUX 3BE3]] MJIAHETHI YCKO-
pstor AKII cBoelt rpaButanueii. 3ousr HII paspyma-
10T OOJIBIIMHCTBO MOJOIBIX 3BE3AHBIX CKOILJICHUN 3a
CUeT ocjallieHUs] TPaBUTAIMOHHON CBSI3U CKOTUICHUS
B IICJIOM M 3a CYET BBIMETAHMS Ta3za JaBJICHHUEM H3-
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E.C. MocTHukoBa, O. J1. PabyxuHa, A.B. TyTykoB u ap.

Jy4eHHsl, a BMECTE€ C HUM M 4aCTH MacChl CUCTEMBI.
Kpome Toro, rpaBuTaliioHHOE B3aUMOJIEHCTBHE 3BE3]T
BHYTPHU CKOIUICHUH BEAET K MOCTEHNEHHOMY HCIape-
HUIO CKOIUIeHWH. Bcmblliku 3Be31000pa3oBaHud U
CBEPXHOBBIE 3B€3lbl B C(EpONIaIbHBIX T'aJaKTHKAX,
BeylIHre K OBICTpOIi MmoTepe ra3a STUMH TajaKTHKa-
MH, MOTYT BECTH K UX Pa3pyLICHUIO.

6. MexxrajnakTu4ecKne 3Be3IHbIe IOTOKH

N3BecTHO, YTO CTONKHOBEHUS TaJlaKTHK MEXITY
co0OW M MPUIUBHBIE B3aUMOACHCTBUS MEXKIY HUMH
MOTYT COINPOBOXKAATHCS YACTUYHBIM MJIM UX MOJHBIM
pacnagoM, BumBkos u ngp. (2011) [18]. IIpunuBHbIe
XBOCTbI B3aUMOJEHCTBYIOIINX TaJaKTHK CTalH elle
OJTHUM TPUMEPOM 3BE3JIHBIX MMOTOKOB, BO3HUKAIOIINX
B XOZI€ pa3pylieHus ux nepudepuitnpix odbnacreit (Ta-
Haku 1981 [19], Bopne u np. 2004 [20]). Co BpemeHeM
CTAaJIO SICHO, YTO YacTh JIMHEHHBIX CTPYKTYp T'aJIaKTHK
SIBIISIFOTCS 3BE3HBIMHM NIOTOKaMU — OCTaTKaMU rajak-
TUK HU3KOW IUIOTHOCTH, Pa3pyLICHHBIX NPUIMBaMU
MaccuBHBIX Tanaktuk (I'mamap 2006 [21]). Mccneno-
BaHUE IUIOTHBIX YacTel W rano [ajakTuku moxaszano
MIPUCYTCTBHE B HEM MHOTHX 3BE3HBIX TIOTOKOB — CJIe-
JIOB pa3pylieHusi ee ONM3KUX cryTHUKOB (MainxaH u
ap. 2021 [22]) unm sxe BCOBILIKAMH 3Be37000pa30-
BaHUS B HUX. Takue CTPYKTYphI COCTABJISIOT B UTOTE
«HETIPEPBIBHYIO» 3BE3JHYIO0 CPEAy CKOIUICHHI Tajax-
TuK (TyTykoB u ap. [16]). D10 sBneHue ObLIO MPU3HA-
HO OOLIMM B MHpE TaJakTHK. B 3BE3HBIX MOTOKax
HaN/ICHBI CJIE/Ibl 3B€3IHBIX CKOTJICHUHN.

7. 3Be3aHas cucreMa Ilesn

W3BecTHbl HaOM0AaeMble NPUIMBHBIE CTPYKTY-
PBI, KOTOpbIe 00HAPYIKEHBI BOJIHM3H MAPOBBIX CKOILIE-
Huit, Hanpumep, Pal 5 (OnenkupxeH u ap., 2003 [23])
u Pal 12 (I'punnmaiip u ap., 1995 [24])). O6uapyxe-
HO, yTo P3C Ilnesanst u anbda [lepces npencrasiusior
co0oii 1Ba otoka — octatku OB acconmanmu (OrreH
1998 [25]).

Hamu npoBeneH MOMCK NPUIMBHBIX CTPYKTYP
B paifoHe 200 mk BOKpYr LeHTpa ckorwieHus [lmes-
el Ha ocHoBe Gaia DR2. B kauecTBe MHCTpyMEHTa
MOKMCKA HCIONB30BAJICI METOJA CXOISIIUXCS TOYEK,
onucanHblii BaH JlroBeH 2009 [26]. On s dexTuBeH
JUIA OOHApyXeHHs 3Be3[ C TaHTeHIHUAJIbHBIMH CKO-
poctamu, 6nuskumu kK ckopoctu P3C Ilnesast. [Ipu
0TOOpE TaKXkKe YUYUTHIBAIOCH MOJIOKEHHUE 3BE3/Ibl U Ha-
MpaBJieHHE €€ CKOPOCTH B IpocTpaHcTBe. OnpeneneH
BO3pACT CKOIUICHUS U Pa3Mep HaxXOISIIErocs psAaoM
C HUM 3BE3JHOTO MOTOKA, KOTOPBI COCTaBIIsET MPH-
o6mm3utensHo 100 nk. OnpeneneHo ero pacnojaokeHue
OTHOCHUTENBHO CKOIUIeHUs. [lomyyeH M kaTamorusu-
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pPOBaH CIHCOK HCIOIb30BaHHBIX 3Be3A. lIpouenypa
oTOopa MpUMEHeHa Ui Haubosee KadeCTBEHHbIX U3-
MepeHul, onucanubix Jluangerpen u ap. (2018) [27],
JUISA TIOTYY€HHUS BBIOOPKH, OYUILIEHHON OT BO3MOXKHBIX
apredaxroB. Kpome Toro, 3HaueHue NepeHOPMHUPO-
BaHHOU ommOku enuHuuHOro Beca (RUWE), ompe-
nensiemoe opmynoit Jlunngerpen u np. (2018) [27]
6buT0 MpuHATO <1.4, B pe3ynsTaTe 4ero UCKIIIOUEHBI
3BE3/Ibl, KOTOPBIE B CUJIy CBOEH Hepa3pelIeHHOil ABO-
CTBEHHOCTH WJIM NPOOIEMBI C ONpEAEICHUEM acTpo-
METPUUECKUX MapaMEeTPOB, HE MOAXOMAAT AT HAIero
uccienoBanus. BrobaBok K 3TOMY, COMIACHO IPOIie-
nype, npuseneHHoi B Gaia DR2 documentation [28],
INPUMEHEHO «COKpalieHne ko3(duimenta u30bITKa
HOTOKa». B pesynsrare momyueHa (poToMeTpHuecKu
U aCTPOMETPUYECKU YUCTas BbIOOpKA. J[ms moBsIie-
HUSI TOYHOCTH PE3YJIBTAaTOB MPHUIILIOCH ITOKEPTBOBATh
3Be3namu ciadbee G = 15 mag. Takum oOpa3om, ompe-
JIeTTUB LEHTP CKOIUICHHUS U IPUMEHUB OMHCAHHYIO
BBIIIE MPOILEAYPY OTOOPa, HA HAUYaJIEHOM 3Tane ObLIO
BbienieHo 610 548 3Be3n. Ha Puc.4 nokaszaHo pacmnpe-
JieJIeHre 3TO) BBIOOPKU MO HANIPaBJICHUSIM IIPOCTPaH-
CTBEHHBIX CKOPOCTEH M pacIpeneieHUe B MPOCKIUU
Ha miuockocTh [amaktuku XY. B mocnegnem ciyuae
3aMETHO, YTO NMPOCTPAHCTBEHHAs (hopMa OTINYACTCS
OT c(hepudecKr CUMMETPUYIHON. Taxske Ha paBoii ma-
Henu Puc.4 3aMmeTeH 3BE3IHBIM MOTOK, pacIoioKeH-
HBIA Omu3ko K IlimessmaM M CXOMHBIN MO KHHEMATHKE
U BO3pacTy ¢ HUMHU. Ero 3Be3bI TOCTATOYHO CIIOXKHO
OT/IENUTH OT 3B€3]] CKOIICHUS B LIEHTPAJIBHOMN 4acTH,
HO CaM TIOTOK BBIJIEJIICTCS KaK CTYIIEHHE 3Be37 BAOIb
ocu X 10 00€ CTOPOHBI OT CKOILICHUSI.

Puc. 4. Jlesaa naHenb: PacnpepeneHne 3B8e3n B
MIOCKOCTWN TaHreHupnasbHbIX ckopocTeli. KBaapatom
B LLEHTPasbHOW YacTu pUCYHKa nokasaHa obnacTtb OT-
6opa 3Be3n P3C Mneaabl. MpaBas naHenb: pacnpe-

neneHve 3ee3f B ZX-MJ0CKOCTU Nocse BblOeNeHns
Nno HanpaBfeHUIO TaHreHUMaNbHbIX CKOPOCTen

Ha Puc. 4 nyneBas Touka — 3TO TOYKa CXOXK-
JeHHUsT BEKTOPOB TaHIeHLMAJIbHBIX CKOPOCTEH 3BE3I.
[IpsiMOyTroNIbHUKOM OrpaHuyeHa 00nacTh, B KOTOPOH
MIPOM3BOJIUTCS TOMCK 3BE31 CKOIUIEHHs. I30bITOK
IJIOTHOCTH B JIEBOM HIDKHEM YIUIy OOYCIIOBIIEH 3BE3-
namu P3C anbda Ilepces. MU30bITKY MIOTHOCTH 3BE3]T
cleBa U crpasa OT ckorieHus [lnesnsl — dactu cBs-
3aHHOTO C HUM MOTOKA.
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Puc. 5. [1BnxeHne 3Be3q lNnesa n cBA3aHHOIo ¢
HUMW NOTOKa (XKMPHbIE CTPeNkn) cpean doHa 3Be3
(cepble CTpenkn) B ranakTU4eCckom niaOCKOCTH

Vi

Puc. 6. PacnpeneneHne 3Be3n ckonnenus Mnesabl
(obnacTb TOYek B LeHTpe — BbiOOpka 3Be3a n3 [29]),
CBSI3aHHOIO C HMMMW NOTOKa (XKMPHbIE TOYKKM) KU NMOTOKa
Pbi6-OpupaaHa (cepble TO4kn cnpaBa oT lNnesn, 3Be3-

Obl 13 [29]) Ha nnockocTu XY

Ha Puc.5 BuaHa BBITAHYTast IpOCTpaHCTBEHHAS
¢dopma mortoka, ceszanHoro ¢ P3C Ilnesinel, a Ha U
Puc.6 Taxoke noroka Pei0-Opunana, (Pozep u ap. 2020
[29]). OnHako 3TH ABE CTPYKTYPbl UMEIOT HEOJUHAKO-
BO€ IOJIOKEHUE OTHOCUTENILHO APYT Apyra H, CKopee
BCET0, ABJISIOTCS Pa3HBIMU CTPYKTYpaMHu.

[na momydeHust pacrpelelneHust 3Be3d, Ipel-
CTaBIISIOLINX 3BE3HbIE IOTOKH («KKOMBS» U «CYTEPKO-
Ibs1») B MMPOCTPAHCTBE, MpeACcTaBleHHble Ha Puc. 5 u
Puc. 6 npumeneHa cienyomas METOANKA.

CHavaa ObUT ompenesieH LEeHTpP CKOIUIeHHA XC,
Yc, Zc=(-120.8,29.1, -54.3) no nanusim u3 Konre-lT'one
u 1p. (2018) [30] u coOCTBEHHBIE OBIKEHHUS TAaKXKe U3
[30], a TakxKe cpeaHss Ty4deBasi CKOPOCTb U3 [ammu u ap.
(2017) [31]. Iouck 3Be3n npwiIMBHBIX HuIek(poB (“Ko-
T1iA”") OCYIIECTBIACTCS B IPOCTPaHCTBE [ aakTuku, mo-
9TOMy mapameTpsl Lentpa [lnesn, nepeBeneHs! B Oapu-
LIEHTPUYECKHE TaJTaKTHYECKHE ICKapTOBbI KOOPIHHATHI.

Boxkpyr ykazannoro uneHtpa Xc, Yc, Zc (tme X
HarpasJieHa Ha och Bpatenus [ anakruku (1=0°, b=0°),
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Y — B Hanpaenenuu Bpatienus [anaktuku (1=0°, b=0°),
Z — Ha ceBepHbIU ranaktudeckuid nomroc (b=0°) 6pun
otoOpansI 38e31b1 13 GDR2 B paanyce 200 mk.
OpxHOBpeMeHHO Obljla TpUMEHEHa MpoLeaypa
orOopa Haubonee KauyeCTBEHHBIX W3MEPEHUH, OIH-
caHHBIX B [27] Jlunnerpen u nap. (2018, masa 4.3 u
Ipunoxenne C, pucynku C.1 u C.2), uyToOBl mOIY-
YUTh BBIOOPKY, OYHUIICHHYIO OT BO3MOXXHBIX OIIHOOK
u apredaxroB. Kpome Toro, 3HaueHHe NEPEHOPMHUPO-
BaHHOH ommbku equnuyHoro Beca (RUWE), ompe-
nensemoii B [27] O6but0 mpuHATO <1.4, B pe3ynbrare
Yero u3 BHIOOPKU OBUIM HCKIIIOYEHBI 3BE3/bl, Y KOTO-
PBIX BO3MOXKHA HEpa3pelleHHas JBOWCTBEHHOCTh WIIN
MPUCYTCTBYIOT MPOOJIEMBI C ONpeesIeHUeM acTpoMe-
TPUUECKUX MAapaMeTPOB, KOTOPHIE TaKKe HE YKJIalbl-
BalOTCS B MOZENb OIMHOYHOM 3Be3nbl. Kpome Toro,
B COOTBETCTBUHU C IPOLELYpOH, onucaHHOU B bpayH
u ap. (2018) [32], Obuta MpUMEHEHa OTCcedYKa «KOd(-
(unmenTa u30bITKa MOTOKa». B pesynsrare ocranach
(hoTOMETPUUECKH U ACTPOMETPHUECKH YUCTAs BEIOOP-
Ka, TaKkke 7151 OOMbIel TOUHOCTH Pe3yabTaToB MpH-
IIJTOCH MOXKEPTBOBATh 3Be31aMu ciabee G = 15mag.
ITocne Takoro or6opa 3BE3x MO UX PACHONOXKE-
HUIO U MO0 KaueCTBY OBLI MCIOJIb30BaH METOJl TOYKH
CXOXKJIeHHsI, onrcanubiii B BaH JloBen (2009) [26].
DTOT METOJ] XOPOIIO MOAXOAUT JIs OIM3KUX CKOTLIe-
HUI ¥ paHee YCIENHO TPUMEHSIICS JJIs TOUCKa IUTeH-
¢oB cxorutenuit Twagu SAcnu [33] Poszep u ap. (2019),
Taxke oH npuMeHuM U K ITnesimam. OCHOBHBIM peun-
MYIIECTBOM METOJIA SBJIICTCS €T0 MPUMEHUMOCTD MPH
HEIOCTAaTKe JIy4eBBIX CKOPOCTEH, MOCKOIBKY OH OC-
HOBaH Ha TAaHTCHIIMAJIbHOMN COCTaBIISIONIEH CKOPOCTH.
s BeIOOpa HamOosiee HAJEKHBIX YJICHOB CKO-
TUIeHHUsT ObUTH OTOOpaHbI TOJNBKO TE 3BE3IBI, JIyUEBHIE
CKOPOCTH KOTOPBIX M3BECTHBL. DTO YCIOBHE MO3BOJISI-
eT HauboJiee MOJHO PACCMOTPETh UX TMEpEMENICHUE B
npoctpancTBe. s mpenBapUTENIbHOM OICHKH JIHC-
HEPCUH CKOPOCTEH CKOIUICHHS C y4deToM Iniei(oB
ObuIa c7ieTlaHa BEIOOpKA U3 YICHOB CKoTuIeHUs 1o Jlomu
u ap. (2019) [34] cpenu 3Be371 cO BCeMHU MapameTpaMu
orpejieNieHns: ckopocteid. [1o 3TuM TaHHBIM 3HaYCHUE
IWCIEPCUH CKOPOCTEH cocTamisier okoino 10 xm/c ¢
YYeTOM, KaK 3Be3]] CKOIUICHHS, Tak M uuieidoB. Ito
3HAUCHHE KAKETCS 3aBBIIICHHBIM IO CPaBHEHUIO CO
CpEeIHE OIIEHKOM TUCIIEPCHH B PACCESHHBIX 3BE3THBIX
CKOTUICHHSX, KOTOpas OOBIYHO MPHUHUMAETCS pPaBHOM
1-3 km/c, Uymak u Pactopryes (2006) [35], a ¢ yde-
TOM JIOTIOJTHUTENILHON JTUCTIEPCHH B LISk (ax mopsiika
1 km/c Moxker gocturath 4 km/c. Taxke MOTyYeHHBIN
37IECh PE3YNILTaT MOXKET UMETh MECTO M3-32 OOJBIIUX
OIOOK B OIPEICICHUH JTYIEBBIX CKOPOCTEH
KoMIIOHEHTBI NIPOCTPAHCTBEHHBIX CKOPOCTEH
3BE3JI CKOTUICHUS TAKXKE CBOAATCS K 9KBATOPUATHbHOMY
raJIakTH4eCKOMY Tpeo0pa30BaHUI0, OOBICHEHHOMY B
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HoxoHcoH u ap. (1987) [36]. Takum oOpa3om, cpeqHue
KOMIIOHEHTBI NPOCTPAHCTBEHHON CKOPOCTH CKOILIE-
wus Uc, Ve, We = (6.71, -28.54, -14.18 ) xm/c, tre
U nanpasneHo K aHTULEHTpy ['amaktuku, V — B Ha-
MIpaBJICHUH BpaLEHHs TalaKTUKH, 8 W — K CEBEPHOMY
raJakKTUYeCKOMY IOJIIOCY.

Ha puc. 5 u puc. 6 mokasaHbl BEKTOPHI IpPO-
cTpaHCTBEHHBIX ckopoctei UVW Ha ramaktndeckoit
wIocKocTH XYZ. OTOOp MO0 NpOCTPaHCTBEHHBIM CKO-
pOCTSAM 3a/1aj]l OTpaHUYEHUE Ha AUCIIEPCHUIO CKOPOCTEN
3Be3] He O6omneel 0 Km/c OT cpenHe MpOoCTPaHCTBEHHON
CKOpPOCTH CKOIUIEHHUs. Takke OTKIIOHEHWE Harpasiie-
Husl BekTopoB ckopoctu (U,V,W) oT HarpaBieHus LeH-
TpanbpHOro Bekropa Hampasienust (Uc, Ve, Wc) cko-
TUIEHUs] He TOJDKHO OTKJIOHATHCS Oonee uem Ha 10 rpaz.

8. 3Be3nHo-razoBasi cTpykTypa odaactu Meu
Opuona

Hexotopsie P3C conepikar, kpome 3BE31, oOmaka
rasa ¥ / wim neutd. Hamu cocTaBlieHa CHHTETHUYECKAS
KapTa 3Be3/IHO-Ta30BOro cocraBa obnactu Meu Opuo-
Ha. OHa O3BOJIMIIA U3YYUTh BO3MOXKHBIE CITydau CBSI-
3 CKOIUICHHUH U T'a30BBIX O0JIAKOB.

Merton monyudeHus: 3BE3AHON CTPYKTYpHI 00Ja-
ctu Meua Opuona. CnenaHa BBIOOpKa 3Be3]] M3 Ka-
tanora Gaia EDR3 B oomactu Meua Opuona. B aToit
ob6mactu HaxogsaTcs P3C NGC 1981, NGC 1977, NGC
1976, NGC 1980, Puc.7 (neBas nanens). B3saTer 3Be3-
nel Gaia EDR3, pacnionoxeHHbIE Ha PACCTOSIHUSX OT
Comnnna ot 408 no 377 nk (paccuuTaHbl 0 HMapaax-
cam PIx, mpuBenenusiM B karasnore Gaia [1,2]).

Merton moy4eHHsST Ta30BOW CTPYKTYphI O0Ja-
ctu Meua OpuonHa. TemaoBoe HU3NyyeHHE XOJOAHOM
MBUTA JIEXKUT B JAJIbHEM HH(PAKPACHOM JHAaIa3oHe
U €r0 aHaJIHU3 MOXKET OBITh UCIIOJIB30BaH ISl TOTy4e-
HuUs pU3HYECKUX TapaMEeTPOB, HAIPUMED, TEMIIepaTy-

pHI BelllecTBa U JiyueBoil koHUeHTpanuu [38, 39]. Ha
Puc. 7 (cpennsis nanens) u OoJiee AeTaibHO Ha Puc.
8 mokaszaHa MoJyyeHHas B JaHHOW paboTe kapra Ku-
HeTnueckor Temnepatypsl nbuH (0T 15K no 35K) no
JaHHBIM HaOMIOAEHUH KOCMHUYECKOTo Teneckorna «lep-
menby. s 3Toro ObII0 BBHIIOIHEHO MOAETUPOBAHNE
CHEKTPaJIbHOTO pacHpeAesieHUs SHEPTUH H3ITyueHUs
MBUTH 110 NaHHBIM «[epriensy. M3 apxuBoB ObLTH CcKa-
YyeHbl KapThl u3myueHus Ha 160, 250, 350 u 500 MM,
BCe KapThl IIPHBE/IEHbI K etuuunam Jy/pixel, S = 2hv?/
¢’ (exp(hv/kT) - 1) (1 - exp(-t), T,= W, m,, k N(H,),
3/1ECH |1, — CPEIHUI MOJIEKYISpHbIA Bec = 2.8 [41],
m,, Macca Bogopoza, N(H,) — iyueBas KOHIEHTpalys,
K, HEMPO3pa4HOCTh MbLIH.

[IpoBenena npoueaypa KOHBOJIOLMH, BCE KapThl
MPUBEAEHBI K €IMHOMY Pa3pelIeHuI0 U pa3Mepy MHK-
cens kak Ha kapre-500 mMxMm. C ucnons3oBaHUEM 4-X
KapT MOMHUKCENBHO (KonuuecTBO mmkceneil 576050)
Obula BOMCaHa MOJENb aOCONIOTHO YEPHOro Teja co
ceobonubiMu apamerpamu T, u N(H,) — Temnepary-
pa IbUIM U JIyueBas KOHLEHTpauus Bopopoxna [40]. B
pe3yJibTaTe Moidy4eHbl KapThl pacrlpeneseHus JaHHBIX
napameTpoB. Pazmep nukcens B MOTyYUBIINXCS KapTax
14”, pazmep nmosyuuBIIKxcs kapt 3° * 3.5°, uto Ha pac-
ctostHuH B 400 1k cooTBeTCTBYeT Iuommaam 21 * 24 nx
¢ ueHTpoM B Touke (5"33m36°, -5°0227").  Tlomyuus-
mIascs JiyueBasi KOHLIEHTpAIMs BOAOPOA JIEKHUT B Ipe-
nenax ot 5.6-10'7 1o 1.9-10% ¢ MenuaHHBIM 3HAYCHHEM
5.30-10%, cpennexBaapaTnyHOe OTKIOHEHHE 2.9-10%!,
rms = 3.25-10?". Menuannas temrneparypa 19 K, cpen-
HekBajgparuuHoe oTkioneHue 4 K, rms = 20 K.

ITocTpoens! o kapram teneckona ['epmens. Ha-
omonenus Ha Teneckorne VC3 I'epiienb mpoBOIMINCH
Ha HECKOJIbKMX YacToTax B auamnazone ot 160 mo 500
MUKpOH. HamM1 101y 4eHbl KapThl Ty4eBOU KOHLIEHTPa-
un Bogoponaa (1-10)-10?! cM™ 1 KHHETHYECKOM TEM-
nepatypsl nbuK oT 15 1o 35 K. BrinmonHeHa cienyto-

Puc.7. PacnpegeneHve 3Be34, Nbiiv U ropayero ra3a B 9KBaTOpuanbHOW CMCTEME KOoopauHaT. Jlesas naHesnb
nokasbiBAET NOJIOXEHUE paccMoTpeHHbIX P3C Ha HebecHol chepe. CpenHsist naHenb — pacnpeneneHms Kn-
HETUYECKON TemMnepaTtypbl Mbin, NOy4EHHbIE HAMW MO AAaHHBIM KOCMUYECKOro Teneckona “lepwens”, npasas
naHenb — pacnpeneneHne ropsyero ra3a B no gaHHoiMm VTSS [37], coBMeweHO CO 3BeE3aamMn IEBON NaHENN
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1ast 00paboTKa AaHHBIX: 1)B3AThI KAPTHI B YKa3aHHBIX
4-x nuamna3oHax, 2)IPUBEACHBI K €IMHOMY pa3pelie-
HUIO0, 3)IJIs1 KaXKI0TO MUKCENs BIUCAHO (DYHKIHS W3-
JTydeHus abCONFOTHO YEPHOTO Tefa sl OIpeeIICHUs
TEMITepaTyphl ¥ INIOTHOCTH JIJISL KaXKA0TO TTUKCESI.

e L Lty e
g

Puc. 8. [NonyyeHHOe HamMn geTanbHoe
pacnpepeneHne KMHeTUYeCckom Temneparypbl
NbiIn (Cnpasa wkana TemnepaTypbl) No AaHHbIM
HabnmooeHnn «FepLuensb»

Paccmotrpennas rpynmna P3C B npoctpancTse 00-
pasyer BBITAHYTYIO C CeBepa Ha IOr CTPYKTypy Meua
OpuoHa pa3MepoM B MPOCSKIUH Ha HEOSCHYIO chepy
okojio 20 mK. DTO MIOCKas CTPYKTypa BUAUMAS C pe-
opa. Ee paccrosaue ot Conana cocrapnsier ~400 mk.
Hamu paccuuTanbl Temreparypa ¥ KOHIIGHTPAIUS da-
CTHII Ha JTy4e 3peHus I Kaxaoro nukcess. Comocras-
JIEHUE PACIIPEICIICHUM 3BE3/l U YKa3aHHBIX [TapaMeTpPOB
W3ITydeHUsI MEXK3BE3IHOTO Ta3a U buH (Puc.7 u Puc.8)
MO3BOJIWJIA CJIeNaTh BBIBOABI 00 3BOJIOLMOHHOM CTa-
quu nenodku P3C, BXOMMMIMX B COCTaB CTPYKTYPBI
Meua Opuona. I1sute HaGmonaercs B P3C NGC 1981,
NGC 1977, obnaka ropstaero raza COBIAIA0T 10 MOJIO-
KeHHUIo Ha HeOe ¢ obmacTbio 3anaToit NGC 1976. P3C
NGC 1980 BeposiTHO HE COAEP>KUT OOJBIINX Mace rasa.
[Tbuth CcBsI3aHA ¢ CAaMBIMHU MOJIOJIBIMU CKOTUICHUSIMH, B
KOTOPBIX €Ille HeT MacCUBHBIX 3Be3/. [opsaumii ra3 mo-
siBsieTcst mocne oopasoBanus B P3C MacCHBHBIX 3Be3]1
Y CBA3aHHBIX C HUMU 00JacTeil HOHM30BaHHOTO BOJIO-
pona HIL. Mer Bugum poxxnenue OB acconmaruu B pe-
3yJIBTaTe CTOJIKHOBEHUS JIBYX ra30BbIX O00IaKOB.

9. /IBoiiHbIE CKOTJIEHHSI
JBoiicteennocts P3C orpaxaer ¢usnveckue

IponecChbl BO BpEMs (bpaFMCHTaHI/II/I rasoBOro ooOJaka.
Mpai pasaciinin Ha6J'IIOI[aCMBIC napbl CKOIJICHUH Ha
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Bu3yanbsHO nBoiiable (B/IPC) u recusie napwt (TAPC),
Puc.9. TecHble mapsl — 3TO (U3NUECKH CBS3aHHBIE
CKOIUIEHHS, TO €CTh Takue 0OBEKThI, MaCChl KOTOPBIX,
PacCTOSIHUA MEXY KOTOPBIMU M OTHOCUTEIIbHBIE CKO-
POCTH JIOITyCKAIOT UX FPaBUTALIMOHHYIO CBA3aHHOCTb.
AHanu3 coBpeMeHHbIX KarajoroB P3C mo3Bomser
0TOOpaTh MOTEHINAIBEHO (PU3UUECKH CBSI3aHHBIE Maphbl
u kinaccugunuponars P3C coracHO 00JacTsIM, BBI-
JeJIeHHBIM Ha auarpamme Puc. 9, Bepemarud u ap.
(2022) [42]. Takxe Ha nuarpamme Puc. 9 moka3zaHbI
3HaueHus maccel nap P3C (Beiaenenst M = 100, 1000,
10000 M,). Tloxcrapnss yka3saHHBIE 3HAYEHUS UL
Maccsl M, mocieoBaTeNnbHO MOJy4YeHbl 3aBUCUMOCTH
OR = GM/(6V)?, Tie pacCTOSHUE MEXKIY CKOIUIEHUSIMU
B Tape - R ¥ pa3HOCTh UX MPOCTPAHCTBEHHBIX CKOPO-
cteil - 0V, G — rpaBUTaLlMOHHAs TIOCTOSIHHASL.

o |
3
3 o -
! %_ % % EHOYAnLHS
v Aeafinsie
E ] CHOTINENHN
3 (BAPC)
- BAPL, smiim
= OB =agcouHagn
1
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=1 a 1 2
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Puc. 9. narpamma ans nap CKOMnjeHuin, no3Bonsto-
wasa knaccnduumpoBaTtb TUMNbl ABONCTBEHHOCTU P3C.
MoanucaHbl 06nacTn, BHYTPU KOTOPbIX HAxXoaaTcs
napbl P3C pa3nnyHbix TUNOB. HakNOHHbIE NpsSMbIE,
MoKasaHHbIe LUTPUX-MYHKTUPOM, Jat0T MHOopMauuIo
0 CyMMapHoW macce ckonneHuii. OCHOBHbIMKU Napa-
MeTpamMu, NO3BONASILLIMMU KnaccuduumpoBaTb napbl
CKOMNEHWN, ABNSIOTCA PacCTOsTHME MeXAy ckonne-
HUsMK B nape OR 1 pa3HOCTb WX MPOCTPAHCTBEHHbIX
ckopocTten oV

3aKjIoueHue

1 u3yuyeHus: 3Be30HOIM CTPYKTYpbl Ha Hayallb-
HOM 3Tarle MPUMEHSIOTCS] MAIIMHHBIC METOIBI 00paboT-
KH MaccoBoii nHpopManun. Harpumep, B [43] ucromns-
3oBaH meron, (UPMASK) st onpenenenye 4ieHCTBa
3Be3[ B CKOTUIeHUAX. OH MOATOTOBIIEH I UCIIONb30Ba-
HUS POTOMETPUH U TPOCTPAHCTBEHHBIX ITOJIOKEHHIHA, HO
MOXET yYUTBIBaTh Ipyrue TUIbl JaHHbIX. [loaxon, uc-
MOJIb3YEeMBlii IS OLIEHKH YWIEHCTBA, OCHOBAH Ha UTEpa-
LIMOHHOM IIpOoIIecce, YMEHBIIEHUH pa3MEePHOCTH, aJro-

127



MeToabl 1 MOoAenu B eCTEeCTBEHHbIX Haykax

E.C. MocTHukoBa, O. J1. PabyxuHa, A.B. TyTykoB u ap.

pUTMe KJIaCTEepU3allM U OLIEHKE MJI0THOCTH sipa P3C.
Hpyroit npumep — [44] ucnonszosanu meton OCfinder
g noucka 628 noBeix P3C B Gaia EDR3 ¢ ucnois-
30BaHUEM Cpelibl OOJBIINX JaHHBIX. Kak mepBblil miar,
OCfinder upeHTUHULMPOBANT 3BE3IHBIE CTaTUCTHYE-
CKHE CBEPXIUIOTHOCTH B MSTUMEPHOM acTpOMETpUye-
CKOM TPOCTpaHCTBE (IOJOKEHHE, Mapajulakc U coO-
CTBEHHBIE JIBW)KEHHS) C HCIIOJIb30BAaHHEM AaJlrOpUTMa
knacrepuzaiu DBSCAN. 3ateM 3TH CBEpXIUIOTHOCTH
KJ1acCU(HULUPOBATIUCH HA CIyYalHbIE CTaTUCTUYECKHE
CBEpXIUIOTHOCTH U peanbHble Pusnyeckue P3C ¢ uc-
MOJIb30BaHUEM TITyOOKOM HCKYCCTBEHHOW HEHpOHHON
ceTH, 00y4eHHOH Ha XOPOILIO OXapaKTepU30BaHHBIX U~
arpammax G, GBP — GRP uger-Bennunna. lanee npu-
MEHSIFOTCSl METOJIbI (PUIIBTPALIUHM TI0 TapaMeTpaM 3Be3,
JeTaJbHO PAacCMaTpHUBIOTCS: TOJIOXKEHUE Ha Hebe, Ma-
paJUIaKChl, 1IBET, 3BE3/IHAasl BEJIMUMHA U JIETaJIbHbIE MO-
JIeNTy pacrpeiesieHns 3Be3IHON TUIOTHOCTH. SICHO, 4TO
9BOJIIOLIMS CKOIUICHWH TECHO CBs3aHA ¢ MOHHMMaHHEM
mpuponsl 3Be3aHbIX oTokoB, AKIT u AKII3 (AKII +
3Be3/1b1) KOMUil. MOXKHO BBIAEIHUTH CTPYKTYPY AaHHBIX,
MPEACTaBIEHHBIX B pa3HbIX pazeniax acTpOPHU3MKH,
COYETAIOIIUXCS Ha Pa3IMUHBIX dTanax ssontouun P3C,
Tabm. 1.

Tab6n. 1
CtpykTypa gaHHbix P3C (n — oxmnpaemMoe 41icno B
lanaktuke, n = —KaTtanorn3mpoBaHo)
00beKT cocTas n | n_
MO 107 | 108
3Be3Mbl AKM 10" | 10°
P3C 3Be3abl | AKM 108 | 104
nBoliHble P3C P3C | 107 | 107
OB accoumauun | 3Be3abl | AKIM | P3C | 10% | 108
8Be3AHbIe sseansl | AKM | P3C | 108 | 10°
NOTOKM

Ornenku unciaa P3C, OB acconmaruii u 3Be3/-
HBIX TTOTOKOB B Tabi. 1 cruenaHbl, Mcxoms W3 oOLiel
olLleHKH uucia 3Be3 B ['amaktuke. IIpu 3TOM yuTeHbl
umMeHHo Bce P3C, a He TONbKO BEDKUBIIIHE.

B obmnactu Meua Opuona nabmonaromuecs P3C,
10 BCcel BEPOATHOCTH, CBA3AHBI C T'a30BO-MOJIEKYISIP-
HBIMHU oOnakamu. I1o JaHHBIM KOCMHUYECKOTO TEJIECKO-
na «lepienb» Mbl BBIICTUIN CKOIUICHHUS, CBSI3aHHBIE
¢ npuieBbiMU obakamu (T = 15 — 35K) u ¢ ropsiuum
(10000K) razom. Panee noctpoeHHast auarpamMma
MO3BOJISIET BBIJCIUTH TUIIBI IBOWHBIX CKOIUIEHUH. Bee
nepeuuciieHHble B Tabnuie 1 0ObeKThl YKIabIBAIOTCS
B MPEUIOKEHHYIO CXEMY SBOJIOLIMH CKOILIeHuH, Puc. 2.

Hamu usydena 3Be3nnas cuctema Ilnesa no nau-
HeIM Gaia DR2, Puc.4 — Puc.6. I[loka3zaHbl 0COOCHHO-
ctu npoctpancTBeHHOH (opmbl P3C Ilnesast u pac-
MOJIOKEHHOTO BMECTE C HUMH MOTOKa. BhineneHHbIN
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B [29] B okpectHOcTH P3C 3Be3aHbIi MOTOK PHIO-O-
pHUIaHa TeHETUYECKU, BEPOSITHO, cBsA3aH ¢ Ilnesnamu
U HE COAEPXKUT Apyroro ckomiaeHust. Ckopee BCero,
COBMECTHO OHU IIPEACTABIISIOT OCTATKH PACIaBIICHCS
OB acconuanuu.

Pesynerarel 00paboTku H300pakeHuil ra3oBoit
cTpyKTypsbl 1o faHHbIM KA «I'epmiens», Puc. 7 u Puc.
8 CBUAETENBCTBYIOT O TOM, YTO Pa3lIMuHBIC T'a30BbIC
CTPYKTYpBI IO TIOJIOXKEHUIO Ha HeOecHOil cdepe co-
BrnazgaioT ¢ P3C B obnmactu Meua Opuona. IIpu sTom
BhIIEIsIIOTC coueTanust P3C pasmuuHOro Bospacra
COOTBETCTBYIOLIEH ra30BOM CTPYKTYPOH.

Hamra paborta 1mo3BossieT pacCUMThIBATH, UTO HA
OCHOBE HAaKOILJICHHS JAHHBIX H UX UHTCHCUBHOU 00pa-
60Tku Knaccuueckas kiaaccuguxarys P3C moxer ObITh
JononHeHa napamerpamu «AKII xonbsa» U «cynepko-
IbsD» CKOIUICHUSI, XapaKTEPUCTUKAMU Ta3a, CBSI3aHHOIO
CO CKOIUICHUEM H XapaKTEPUCTUKAMH JBOHCTBEHHOCTH
P3C. Takxke MOXHO TOBOPUTH O U3Y4YEHHU MPOUCKOXK-
JICHUSI 3BE3[HBIX TOTOKOB, KOTOPHIE MOTYT SIBIATHCS
KaK TaJIAKTUYECKUMH, TaK M BHETAJIAKTHUYECKOTO IIPO-
UCXOXKJCHUSI U3-32 Pa3pyLICHHUs TalaKTHK-CITyTHUKOB
Hamtedt [amaktuku. IlepcnekTHBHO OOHapyXeHUE U
ucciegoBanue dk3omianeT B P3C pa3auyHbIX TUIOB.
Tabnuua 1 mokas3piBaeT BO3MOXKHOCTH TMPUMEHEHUS
HMHTCHCUBHON 00pabOTKH HAKOIULIEMBIX CO BPEMEHEM
JAHHBIX O Pa3HBIX OOBEKTAX, CBA3aHHBIX C 3BOIIOLUEH
P3C. Ha ceroans nanHsle karanora Gaia sSBISFOTCS OC-
HOBOH JIJIS 9BOJIIOIIMOHHOI MPOCTPAaHCTBEHHO-KUHEMA-
Trueckoi knaccuukanuu P3C T'amakTukn, KOTOPBIX
Ha JIaHHBI MOMEHT 0OHapy»KeHo oKkoJo 10 ThIc.

BaaropaprocTu. B 3T0#1 pabore ucnonb3oBa-
michk naHHble Muccun Gaia EBpormelickoro kocMuye-
ckoro arentctBa (ESA) (https://www.cosmos.esa.int/
gaia), obpaborannsle KoncopumymoMm 00paboTKH U
aHanu3a paHHeix Gaia (DPAC, https://www.cosmos.
esa.int/ web/gaia/dpac/consortium). PuHaHCHpOBa-
Hue DPAC Obulo TpenocTaBieHO HAIMOHATIBLHBIMHU
YUYPEKICHUAMHU, B YACTHOCTH YUYPEKICHHUSAMH, yda-
CTBYIOIIMMU B MHOrocropoHHem cortamieHnu Gaia.
Be06-caiit muccun Gaia: https://www.cosmos.esa.int/
gaia. BeO-caift apxuBa Gaia: https://archives.esac.esa.
int/gaia. B 3TOM HcclieoBaHUH KCTIONB30BAIach Oa3a
nanabix SIMBAD (http://cds.u-strasbg.fr), paborato-
mas B CDS, CrpacOypr, ®@panmnus. ABTops! Onarona-
PAT PELICH3CHTOR 32 I10JIC3HbIC 3aMeUaHusl.
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The Structure and Evolution of Open Star Clusters: Theory and Observations Based on Gaia Data

E.S. Postnikova', O. L. Ryabukhina!, A. V. Tutukov', S.V. Vereshchagin', N.V. Chupina’, A.P. Demidov"

'nstitute of Astronomy Russian Academy of Sciences (INASAN), Moscow, Russia.
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Abstract. The structure and evolution of open star clusters (OSCs) are considered using the Pleiades OSCs
and the OSC group in the Orion Sword region as examples. The stars were selected according to the Gaia data.
The relationship between the Orion Sword clusters and molecular clouds is traced according to the data of the
Herschel spacecraft. The place of the considered objects in the general scheme of evolution compiled by us
earlier is shown. It is concluded that there is an urgent need to expand the OSC classification. The considered
Pleiades star system showed the presence of an extensive stellar halo. The stellar stream Pisces - Eridanus found
in the vicinity of the Pleiades is probably genetically related to the Pleiades and, together with it, represents the
remnants of the disintegrated OB association. In the Orion Sword region, the observed young OSCs are most
likely associated with molecular clouds. Young clusters stand out associated with dust (15 - 35 K) and hot (10000
K) gas. Data on OSCs are rapidly replenishing, and the number of OSCs is growing due to their detection in the
Gaia surveys. Analysis in this area can be iterated and extended over time with proven methodologies to fit data
management concepts in data-intensive areas.

Keywords: operational information support, open star clusters, Pleiades, Orion Sword region, analytics, data

management
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Abstract. One of the tasks of robotization of astronomical observations is the creation of programs for
the optimal distribution of time depending on the position of the Sun (efficient use of twilight time), the
position and phases of the Moon. An important requirement for this program is the autonomy of its work,
independent of external Internet resources. To solve this problem, an autonomous astronomical calendar
was developed that makes it possible to estimate the time of sunrise and sunset, the moon (as well as
its phases), the onset and end of twilight. This subroutine is the first step in automating the planning of
astronomical observations. The next important step is to develop software that will be able to plan obser-
vations in an optimal way. The targets for observations are discussed, for these purposes the necessary
initial parameters are indicated, which make it possible to form a schedule of observations at telescopes

in an automatic mode.
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Introduction

In 2021, there began the implementation of program
to create a Virtual Observatory [1] based on the Fesenkov
Astrophysical Institute (FAI). Establishment of a national
Virtual Observatory designed to enhance the capabilities
of astronomical research and provide a service to external
users. Development of methods for processing, storing
and analyzing Big Data in astronomy for studying ob-
jects of near and far space. Implementing the program
will increase the efficiency of observational and numeri-
cal studies at the FAIL For external users, a digital portal
will be created through which they will be able to take
advantage of the results of all innovations under the pro-
gram, in particular, a) apply for automated observations
and the use of computing resources, both for numerical
modelling and for processing and analyzing the received
data; b) to access the available observational data and the
results of astrophysical computer simulations. The pro-
cess of using observational and computing resources will
be fully automated.

One of the program’s objectives is to automate
the observational process of astronomical sources at
the institute’s telescopes located at the Assy-Turgen
observatory and other observation sites. An important
software component in the system being created is the

* This research is funded by the Science Committee of the Ministry
of Education and Science of the Republic of Kazakhstan (Grant No.
BR10965141).
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so-called observation planner (OP). This component
will allow sorting and creating the most optimal tele-
scope operation plan for a particular night from the re-
sulting list of objects and their coordinates and obser-
vation time. The program should take into account the
moments of sunrise-sunset, the duration of morning
and evening twilight, the moonrise-set and its phases,
and the influence of the gradient from the lunar sky il-
lumination. All program calculations should be carried
out without external Internet resources.

The interpreted high-level language PHP was
chosen as the primary programming language for cre-
ating the planner, as it is the most suitable for inte-
grating software into the Internet portal of the Virtual
Observatory and for user interaction.

The development of OP is carried out in several
parts. In the first part, software was created for numer-
ical calculations of sidereal time, the position of the
Sun and Moon, and the calculation of their moments
of rise and set and twilight for a specific date and place
of observation. The results of the first stage are pre-
sented in the form of an Astronomical calendar and
posted on the portal of the Astrophysical Institute [2]
(Fig. 1). Where any user can get the specified data for
any point on the earth’s surface (at the specified geo-
graphical coordinates).

In the second part of creating the OP, algorithms
will be implemented to calculate the brightness of the
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sky background depending on the phase and the an-
gular distance between the Moon and the observed
source. It will make it possible to exclude from obser-
vations dim objects that are close (by angular distance)
to the bright Moon. Also, the source sorting algorithm
will be implemented at this stage.

1. Basic parameters calculation and algorithms.

To calculate the moments of rise and set of the

Sun and the Moon, the following algorithmic steps are

implemented (Fig.2):

Step 1. Calculating the equatorial coordinates of the

Sun and Moon at a specific point in time:

1.1. Calculation of the position of an object in its or-
bit at a specified point in time. Since the Sun and
Moon are not point sources, here, the coordinates
of an object are the coordinates of the center of
the solar (or lunar) disk.

1.2. Translation of own orbital coordinates into eclip-
tic coordinates.

1.3. Calculation of corrections for the change in the
inclination of the equatorial plane to the ecliptic
plane at a specified point in time. As well as cor-

rections for precession and nutation of the Earth’s
axis.

1.4. Translation of the object’s ecliptic coordinates
into equatorial coordinates, considering the cor-
rections specified in 4. At the output, we obtain
geocentric equatorial coordinates at the specified
epoch.

Step 2. Transformation of the geocentric coordinates

of the Sun and the Moon into topocentric coordinates

(corresponding to the place of observation):

2.1. Calculation of the geocentric parallax of an ob-

ject, taking into account corrections for latitude

and height (above sea level) of the observer’s po-
sition.

Transformation with the help of corrections 2.1.

from geocentric to topocentric equatorial coordi-

nates.

Step 3. To calculate the moments of rise and set of

the Sun and the Moon, the algorithm of successive ap-

proximations was used.

3.1. Calculation of topocentric coordinates at the be-
ginning of the day of interest (see steps 1-2).

3.2. Through formulas for transforming coordinates
from equatorial to horizontal. We find the local

2.2.

Fesenkov Astrophysical Institute

Astronomical calendar

Coordinates of a place

(Default the center of Almaty)

Deg Min Sec Deg Min Sec
Latitude: 43 15 o MNonh v Longitude: TE 57 o East v

Time zone from UTC: — 6

Height above sea leve: 0

Input a year and choose a month

e Mainith -
Interested data
Siderial time (local) Rise, set of the Sun, twilights Rise, set of the Moon, phases
Equinoxes and solstices
Il & sk o i the plohee
| 6574
Calculam
Fig. 1. Interface of developed on-line Astronomical calendar. Available on the link:
https://fai.kz/calendar/calendar_eng.php
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Local civil time moment Date (year, month, day)
(hh:mm:ss).

For the first iteration 00:00:00

Calculation of the orbital coordinates of the Sun (Moon) at
a point in time and their conversion to ecliptic coordinates

Calculation of corrections 1.3.

Converting ecliptic coordinates to geocentric equatorial
coordinates

Calculation of corrections 2.1.

Convert geocentric coordinates to topocentric equatorial
coordinates

Calculation of the local sidereal time of the moments of
sunrise - sunset of the obiect

Converting local sidereal time to civil rise (or set) time

Yes No

Calculation of the difference of civil rise (or set) time with
the result of the previous iteration

Does this match the No

required accuracy?

Yes

Calculation of corrections 3.5.

Rise-set time of the object

Fig. 2. Block diagram for rise-set time calculation for the Sun (the Moon)
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sidereal time of the moments of rise and set of the

object. That is the fulfilment of the condition that

the object’s height above the horizon of the place

of observation is equal to zero (h = 0).

3.3. Let’s convert the local sidereal time of the ob-
ject’s rise and set into local civil time.

Note: The coordinates of the Sun and Moon
change significantly even at short intervals due to their
relative proximity to the Earth (unlike the coordinates
of distant stars). It means that in step 3.3 we will only
get an approximate rise/set time. Since, upon reaching
time 3.3, the Sun and the Moon will have time to move
in their orbit. So, the next step is to repeat some of the
points above.

3.4. Let’s go to step 3.1. - we calculate the topocen-
tric coordinates again, but for the time points ob-
tained in step 3.3. Then we go to step 3.2. and get
a new approximation of the local sidereal time
for the moments of rise and set of the object. We
again convert to civil time (step 3.3.) and get the
updated civil time of rise and set moments. We
repeat these iterations until we reach the desired
accuracy.

3.5. We calculate corrections for the refraction of the
Earth’s atmosphere near the horizon and correc-
tions for the spatial disk of the Sun (Moon). Since
the moments of rise (set) correspond to the time
when the upper (lower) edge of the disk touch-
es the horizon plane. We make corrections to the
moments of sunrise and sunset obtained in step
3.4. We get the local civil time of rise-set (Moon).
To calculate the position of the Sun, a numerical

solution of the Kepler equation in the two-body prob-
lem is used. In this case, to simplify the calculations,
we use the relativity of motion, considering the Earth
to be stationary and located in the focus of the ellipse
and the Sun moving along this ellipse. With known
parameters (positions) at a certain point in time (in this
case, at the beginning of the epoch of 2000), you can
get the position of the Sun at any point in time in the
following way:

1) Having the initial positions of the Sun, we calculate

the so-called average anomaly.

2) By numerically solving the Kepler equation by iter-

ation, we obtain the value of the eccentric anomaly.

3) Through the formula connecting the eccentric and

true anomaly, we find the latter, which corresponds
to the orbital longitude of the Sun. Here we do not
consider the influence of the Moon, planets, etc.,
since these things can be neglected to calculate the
moments of sunrise and sunset.

Calculating the position of the Moon is a rather
difficult task due to the significant influence (in addi-
tion to the Earth) of the Sun and nearby planets. An
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algorithm based on Brown’s analytical lunar theory

was implemented for these calculations. The follow-

ing important corrections and additions are taken into
account:

1. The equation of the center. This correction takes
into account orbital ellipticity.

2. Evection. This lunar inequality considers influence
of the Sun on a shape of the lunar orbit.

3. Variation. This addition takes into account peri-
odical processes of speed-up or slow-down of the
Moon on its orbit due to the Sun.

4. The annual equation. This correction considers
small periodical changes in lunar orbit, which has
maximum in perigee and minimum in apogee.

5. Parallactic inequality. It is small correction con-
sidering solar parallax.

6. Corrections for the influence of Venus, Mars and
Jupiter, etc.

To calculate the moments of moonrise and moon-
set, the horizontal equatorial parallax was also taken
into account since the Moon is close to the Earth and
moves in an elliptical orbit. As a result, its angular size
changes when observed from the Earth.

Comparison of the moments of rises and sets of
the Sun and the Moon obtained during the implemen-
tation of these algorithms with the data of the Astro-
nomical Yearbooks for 1989, 2012, 2022 [5-7] give a
time discrepancy of no more than 30 seconds, which
indicates a sufficiently high accuracy.

2. Sorting for objects

The program (Fig. 3) accepts as input a file with
a list of objects containing the following information
(about each object):

1) Object name

2) Right Ascension (RA)

3) Declination (DEC)

4) Magnitude in V-filter

5) Exposure time of a single snapshot
6) Amount of snapshots

In the first stage, the program rejects objects
with incorrectly entered parameters. For example,
when the data on the number of frames contains al-
phabetic characters instead of numbers or when the
coordinates (DEC) indicate that the object cannot be
observed at this latitude. At the same time, an error
log is formed, where similar objects are written with
a description of errors.

In the second stage, calculations are carried out
according to the time of the culmination of objects and
then a preliminary sorting by this parameter. Objects
with an earlier culmination time will be observed ear-
lier because they will have earlier set (descending)
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Client List of objects

Astronomical planner

l l

Sorted list of objects

Rejected object list

ﬂ (Error log)

Telescope controller

Fig. 3. Scheme of interaction between a client (user), an astronomical planner and telescope

time. For small observation fields (when all objects
are situated in one area with each side does not ex-
ceed 3 degrees) an algorithm of the nearest neighbor
is realized. This method is based on measurement of
distances from a one object to others and finding the
closest neighbor for next observation.

In the third stage, the moments of sunrise and
sunset are calculated, as well as three types of twilight
(civil, navigational and astronomical) for the current
and next day. Furthermore, the boundaries of the as-
tronomical night are determined, indicating the begin-
ning and end of observations.

In the fourth stage, the heights of objects are
calculated at the beginning of the astronomical night.
If the objects are descending and their height at the
start of observations is below 20 degrees, then they
are rejected.

In the fifth stage, the moonrise-set times and its
phases are calculated, and the angular distances be-
tween the moon and the observed objects are calculat-
ed with estimates of the sky background illumination.
At this stage, objects whose magnitudes are weaker
than the sky background are rejected. For other objects
in the list, their angular distance to the center of the
lunar disk is displayed. The output is a sorted list of
objects and an error log, which is then taken as input
by the telescope control program.

3. Other astronomical planners

Nowdays, there are many similar options for as-
tronomical observation planners. The most famous:
AstroPlanner [8] and Astro Plan [9]. The first one
works only under MacOS and Windows operating
systems. Also, this program is paid and closed source,
which does not allow it to be integrated into the Vir-
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tual Observatory environment. An alternative free

cross-platform program Astro Plan is developed in Py-

thon open-source. However, this program (Astro Plan)
has some disadvantages:

1. The calculated times of sunrise and sunset differ
by more than 3 minutes from the data of the As-
tronomical Yearbooks. For moonrise and moonset
times, discrepancies can be more than 12 minutes.
It can be critical for observations of dim objects.

2. Astro Plan does not realize a sorting algorithm by
method of nearest neighbor, which can be useful for
observations of small fields.

3. For using Astro Plan it is needed Python environ-
ment. There is no any ready-to-use GUI and it is
difficult to integrate into web-interface that all us-
ers would be able to use it.

Conclusions

At the moment, the first part of creating an obser-
vation planner has been fully completed — a block for
calculating the position of the Sun and Moon, as well
as the moments of their rise and set and the time of
twilight, working in offline mode. This block also was
integrated in web-interface and available for all as an
astronomical calendar.

The second block of the OP (a sorter of obser-
vation objects) is in the process of completion. Now
it is ready to use OP realizing an algorithm of the
nearest neighbor. The completed OP program will
make it possible to optimally distribute the operat-
ing time of astronomical instruments without hu-
man intervention. This software product will be an
important element, without which full automation
of the observational process of astronomical objects
is impossible.
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Abstract. The undoubted challenge for science is the extraction of knowledge from fast growing het-
erogeneous datasets. Particularly, details of experimental setups are insufficiently formalized and cannot
be easily inserted into databases. Thus, there is a problem of using these details in the process of data
integration and meta-analyses. For this purpose, we developed a scheme of formalization for object de-
scriptions with its origination, protocols for field and laboratory measurements (including instruments and
experimental conditions). It allows the integration of larger amounts of data accounting for its specifics of
acquisition, for example, by applying adjustments, assigning weights to data sources (based on its reli-
ability, method precision and experimental uncertainty) or directly accounting for experimental conditions
in models. This formalization is currently used to develop an electronic laboratory journal for soil research,
intended for detailed description of a conducted or planned experiment. The study aims to: increase the
re-producibility of scientific research results; allow automatic data processing and error detection, and

most importantly; effective soil data mining for decision support systems.
Keywords: heterogeneous data sources, formalization, standards integration, soils, reproducibility.
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Introduction

An undoubted challenge for soil science is ex-
tracting knowledge and relevant information from
the ever-growing, diverse and complex soil data sets
[1]. For parameterization and validation of predictive
models in analytical systems, it is required to identify
the most complete set of relevant data in the database.
While the relevance of data is determined by the details
of their acquisition, i.e., the setting and conditions of
the experiment, these are not formalized enough to be
taken into account when choosing data. “Data acquisi-
tion” in the current study includes field descriptions of
soils, field and laboratory measurements, digitization
of archive materials (such as, for example, legacy soil
data, maps and thin soil sections).

The task of formalizing a scientific experiment
and organizing machine-analyzable data flows coming
from various sources, is important for the development
of scientific activity in the digital world. Journals, re-
search institutes, universities and manufacturers of
laboratory equipment make their own sparse attempts
[2-3]. However, it is conducted intensively yet only
from the perspective of increasing the reproducibili-
ty of the results of scientific research, which is only
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one of the goals. Currently, more or less formalized
templates for describing measurement methods are
created for shared use and interlaboratory exchange,
such as, Nature Protocols exchange, OpenWetWare
Protocol Categories, Protocol Online: Search Pro-
tocols, A secure platform for developing and sharing
reproducible methods, A peer-reviewed protocol jour-
nal Bio-protocol, Optimized Lab Protocols for Testing
Soils, JoVe. However, typically they represent a set
of text descriptions of protocol steps, not suitable for
automated processing and comparison. We aim for
a formalization of the measurement protocol which
would be an unambiguous and machine-readable de-
scription of the necessary conditions for performing
the measurement, the measurement process itself, the
results obtained and their mathematical or algorithmic
processing. Formalization of a measurement method
together with a detailed protocol of the experiment
(which includes a certain instrument, its settings, cur-
rent calibration, etc.) allows the reproducibility of the
results, i.e., increase confidence in the data and make
data FAIR [4], i.e., it improves and simplifies the ex-
change and development of research methods. At the
stage of data meta-analysis, this makes it possible to
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identify and take into account experimental errors. If
random errors are detected by repeated measurements,
systematic errors (laboratory, operator, instrumental)
can only be detected when analyzing large datasets.
When systematic errors are found in the conduct of
an experiment, one can also see what results they
could affect. In some cases, it is possible to recalculate
(correct) measurement results (for example, by recal-
ibration). Another important goal is to use exactly the
same information about experimental settings in pro-
tocol steps descriptions and in data processing scripts
to avoid possible errors.

Existing systems for the formal description of
experimental protocols — Electronic Laboratory Jour-
nals (ELN) and Laboratory Information Management
Systems (LIMS), namely, OSF Labcollector, Hive-
bench, SciCloud, Accelrys (BIOVIA), Elabwtf, SciNote,
Senaite, Bikalims, Occhiolino (GNU LIMS) are either
paid or shareware (free limited functionality or limited
amount of storage, paid technical support), have lim-
ited options for embedding calculation functions, ex-
port options, and are focused specifically on laboratory
analysis of physical samples, having no soil specificity.
Abstract field objects, such as “terrain”, “surface” and
“soil profile” or a “trench”, as well as long-term field
experiments, for which there may be descriptions and
measurements, are not included in the formalization
scheme of such standard systems. Even though existing
ELNSs have convenient constructors for creating formal-
ized protocols of experiments, they are designed only
for the convenience of each individual user or group
of researchers with their objects. Therefore, when im-
plementing such a product by research institutes, a da-
tabase collected from a set of ELNs of all employees
will not be suitable for further effective joint analysis
of the collected data. Moreover, a detailed formaliza-
tion scheme is needed at least to evaluate existing open-
source software suitability as components of a devel-
oped information system. Thus, soil research requires a
specific implementation of such an information system
with at least a soil-specific scripts and models library.

The disadvantage of existing soil and soil-geo-
graphic databases is that, firstly, they do not contain the
history of the origin of objects and the sequence of ac-
tions on them (both in field, for example, technological
maps of crop cultivation, and laboratory, for example,
various treatments and fractionation of samples). This
leads to data fragmentation and lack of relationships
(potentially relevant data are lost). Secondly, they do
not contain details of data acquisition methodology.
Thus, only data obtained by one widely used method
are selected, which cuts off all other data obtained by
other or similar methods. At the same time, different
experimental conditions are unavoidably mixed. Re-
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alizing the existing problem of formalizing laboratory
measurement details, in the recent years International
Soil Data Center in Wageningen has started to request
information about methods steps from each laboratory
which provided them legacy data, to evaluate datasets
considering accuracy and precision [5]. While it is
rather difficult to do it in detail for legacy data, it is
possible to supply all the newly generated data with
formalized data acquisition procedures.

The solution may be to have formalized data
acquisition protocols that allow the maximum use of
all available related data, for example assigning data
sources different weights (calculated based on the ac-
curacy of the method, the reliability of the data source,
experimental errors or processing errors), homoge-
nizing data to comparable values, by introducing cor-
rections for experimental conditions (or experimental
conditions could be directly used in mathematical
models) or in other ways taking into account the dif-
ferences in obtaining data. An ensemble statistical ap-
proach, using the entire available data set and models,
while assimilating data coming from heterogeneous
sources over time, is considered to be more informa-
tive for predictive modeling and estimating its uncer-
tainties than the use of narrow subsampling [6-7]. The
presence of links between objects allows combining
initially independent experiments to analyze soil prop-
erties variability in space and time. For example, to
make generalizations to obtain regional/global depen-
dencies necessary for predictive models.

Formalized research protocols are published by
a number of authoritative specialized journals Nature
protocols, Springer Protocols, Cell Protocols. When
formalized protocols are used, automatic processing of
results and calculation of errors is possible. It becomes
possible to transfer the entire database from one clas-
sification/description system to another according to
established rules. One can identify intersecting sets in
soil descriptions, measured properties and experimental
parameters, as well as have control over consumables,
the state of the instrument base, workload and etc.

The aim of this work was to develop a concep-
tual scheme for formal description of heterogeneous
data and methods for its acquisition to ensure the pos-
sibility of organized collection and storage of all soil
research results. It gives data reliability estimation for
further analyses and generalizations, while providing
reproducibility for research studies.

1. Results and discussions
The developed formalization scheme is shown

in the Figure 1. This scheme shows logical elements
of the database necessary for the coherent collection
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of complete and formalized information about experi-
mental studies and further analysis of this information.
The proposed scheme allows us to formally describe
standard and non-standard methods as a sequence of
simple actions (method elements). This scheme makes
it possible to link descriptions and measurements car-
ried out in the field and in the laboratory according
to any formally described methods on such objects
as “terrain”, “soil surface”, “transect”, “soil profile”,
“soil horizon”, “sample”, “thin section” and etc. a sin-
gle spatial database with a history of filling the object
with data. This allows different researchers to supple-
ment objects in the system with soil studies at any time
in an arbitrary order and subsequently carry out me-
ta-analysis on the required spacetime scale.

The database contains four main logical blocks:
a block of reference information, a block of data, a
block of methods and a user-specific/inventory block
(Fig. 1).

1.1. Database structure

Information block

The reference information block contains a sin-
gle expandable list of soil properties and a table de-
scribing various groupings of those properties, as well
as a list of measurement units and their conversions.
For example, grouping can be according to an ob-
ject under study (area, profile, sample, etc.), field of
knowledge (physical, chemical, etc.), description stan-
dard (properties of FAO, EGRPR, WoSIS, WISE etc.).
In this case, one property can belong to several groups.
Such grouping structure of soil property is universal
(compatible with other standards) and is supposed to
be extensible by adding new groups. Any legacy data
can be imported “as is”, extending existing templates
for entry of new data. The idea is not to create another
new standard and not create data homogenization in
advance but use homogenization scripts at export of
data according to user specifications, using the advan-
tage of formalized data acquisition.

Data block

The data block contains information about
soil samples and other objects and the results of ex-
periments. Data can be entered in any degree of de-
tail, starting from a simple structure as a table “ob-
ject-property-value” to a detailed description of the
experiment. With a detailed description, all data is
stored in the form of a history of accumulated events
(creating a soil profile or a plot, description, sampling,
incubation, measurement and so on). The database
does not impose strict requirements on the chronology
of events, for example, measurements can precede the
field description of a profile. Each event is described
by an entry in the e-journal (table “Journal entries”).
The entry contains information about:
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* described objects (relationship with the “Objects”
table);

» created and destroyed objects by the method and
relations between objects (table “Objects origin™).
For example, a sample taken from a soil profile
will be created; the one processed according to a
sample preparation protocol will be destroyed and
several new ones created: a reduced initial sample
and, for example, several fractions;

» values of soil properties and their relations to ob-
jects through the table “Object-property-value”
and “Values” of different types;

» optional raw data (if a processing script is applied
by the method).

Each journal entry is linked to a method block
(protocol and protocol steps).

Methods block

The block of data acquisition methods contains
formalized methods and specific implementation pro-
tocols covering all three stages of data acquisition:
preparation/preprocessing, measurement and data pro-
cessing. The formalized methodology is described by
a “Protocol” which consist of “Protocol steps” which
are grouped and ordered. Each step represents an ap-
plication of some method with certain optional set-
tings and parameters. Each method has information
on its applicability (types of source and result objects,
result property), human-readable description, and op-
tional detailed protocol which is recursively formally
described as a sequence of steps (and listed in “Pro-
tocols”), i.e. each step itself can be represented by
another protocol. Every step can have its processing
script (“Model id” in the “Data processing models”
table) which acts on raw data. Journal data entries are
allowed to be associated with a certain protocol or just
with a single step. When a user changes step parame-
ters a new step is created and is written to the journal,
while the original step gets the status “modified”. Pro-
tocols can be created from existing base protocol steps
(from database or from user’s own journal), while new
protocol steps can be created from methods, adding in-
strumental setting/parameters and a processing model.
Parameters depend on the calibration and settings of
the instruments and the conditions of the experiment.

Thus, the whole variety of techniques is reduced
to a manageable number of basic elements with pa-
rameters (such as temperature, duration, rotation
speed, reagent, etc.). Each protocol step is associated
with information about consumables and equipment
that can be used at this step.

The user interface for data entry is created au-
tomatically based on the formalized method detail.
The concept allows protocols with any degree of
detail, assuming continuously increasing formaliza-
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Fig. 1. Logical scheme of formalization for heterogeneous
experimental data in Crow’s Foot notation’

tion down to basic steps. Protocol has a branching
structure and data entry can be performed by the user
at any level of detail. However, the final estimates
of dataset reliability, accuracy and reproducibility
in the system are assigned according to the extent to
which raw data were supplied. We believe that due

! The diagram contains a table “Values (numeric)” for numerical values,
at the same time, it is provided that the database contains several similar
tables for values of different types. For example, character strings for use
in soil descriptions or bibliographic information, geographical informa-
tion (points, contours) for introducing data from soil maps.
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to the presence of calculating scripts at each step
(when required), overall standardization of data in
e-journal (potential bonuses for automation in anal-
yses), protocol reusability, collaborative mode and
various “helpers” (statistical quality control, checks
and availability of templates) will encourage users to
enter raw data into the e-journal.

Along with standardized methods, in many cases
of scientific research there is a need to store and use
non-standard (author’s or temporary), experimental
methods and modifications. If for standard methods it
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is enough for the user to indicate method name, since

their formalization can be entered at any time after, for

non-standard methods — formalization is the responsi-
bility of the author.

It is known that in addition to the information
described in state standards and other methodological
manuals, “many different factors can affect the variabil-
ity of measurement results performed using the same
method, those including: operator; equipment; equip-
ment calibration; environmental parameters; time inter-
val between measurements.” [8]. The proposed logical
model allows to save all the details of the experiment
in a formalized form. In recent years, journals such as
Science and Nature, as well as The Transparency and
Openness Promotion (TOP) Committee, have been ac-
tively urging scientists to make their work transparent
so that their experiments can be repeated “at least in
theories.” They are developing increasingly stringent
criteria for journal publications regarding the provision
of formalized methods and detailed experimental proto-
cols to improve the reproducibility of scientific results,
and are even promoting testing for a pre-published ex-
perimental design (study pre-registration), which re-
duces the bias towards publishing results with a certain
effect detection relative to experiments with a negative
result, in which the intended effect was not detected
with the corresponding study protocol [9-12].

Inventory block

The inventory block contains general lists of
equipment (table “Equipment list”) and consumables
(table “Consumables list”), as well as inventory re-
cords. Table “Consumable usage” contains informa-
tion about amount and type of consumables required
for each protocol step (when linked to protocol step),
as well as amount, actually used in experiment (when
linked to journal entry). Information about instrument
being used in a given protocol step is stored in the
“Equipment usage” table.

1.2. Advantages

This way of presenting data using the developed
conceptual scheme differs in that it allows:

— to create and store any type of described object —
from plot as a result of field partition to a soil frac-
tion/solution or other objects obtained in complex
experimental procedures, retaining the full chain of
objects origin and treatments;

— to store a complex data structure: during the exper-
iment, many measurements of the same value for
one sample can be made, all of them can be stored
in the presented concise scheme. An example of a
multivariable dependence, or dependence of several
values from several variables, can be the measure-
ment of various gases emissions at changing soil
temperature and moisture;
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— to save the history of actions on the object, for ex-
ample, store and update new data in a complex and
long-term field experiment: the dynamics of carbon
content in soil during changes in vegetation and fer-
tilizers inputs is recorded as a sequence of single
actions;

— to estimate reliability and accuracy of the dataset
based on raw data provision, methods information
and usage of automated data processing;

— to perform various analyses of protocols. For exam-
ple, comparative analysis of by machine learning
approaches to assess the dependence of results on
protocol peculiarities, develop protocols, select a
protocol for a specific task, taking into account such
characteristics as applicability and accuracy.

In the case when the details of some experiment
are not available, the database schema also allows to
store information just as “object-property-value” as in
most existing databases. Thus, the proposed scheme
is compatible with known formats, for example, those
used in the Soil Geographical Database of Russia
(PGBD RF) [13], the Unified State Register of Soil
Resources (EGRPR)[14], WISE Soil Property Da-
tabase [15], the International Soil Carbon Network
(ISCN), an intercontinental aggregator and provider of
soil data for the Information System (WoSIS) of the
International Soil Data Center (ISRIC) [16] and etc.,
while creating many new opportunities.

The developed scheme for formalization of het-
erogeneous soil data: 1) increases the reproducibility
of scientific research results, 2) allows automatic data
processing, and most importantly, 3) allows effective
data mining and, thus, is an important base part in cre-
ating analytical systems for modeling scenarios and
decision making.

1.3. Options for data entry protocols

Data entry is proposed to be carried out in 3 gen-
eral stages — minimal, extend-ed and detailed (Table 1).

The minimal description allows to quickly make:
an inventory of all the objects, involved instruments,
a general overview of the methods, and is also used
to enter data from literary sources when they do not
contain detailed study protocols.

The extended description information already
allows to fill up the Unified State Register of Soil Re-
sources. From the point of view of instrumental base, it
is already possible at this level to monitor the state and
involvement of instruments in specific research pro-
tocols. It becomes possible to evaluate the types and
volumes of produced data, workload of devices and
employees, time ranges and costs of measurements. It
allows to optimize work and carry out quality control
(errors and systematic errors of personnel and devices
with a possibility of its localization and correction).
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Table 1
Types of protocols for data entry from external sources
Description\Type Minimal Extended Detailed
Soil profile or sample User name; Minimal description; and Minimal description; and
description (level “data”) geolocation; Names and depths of soil Any properties of the objects

sampling/description date;

soil name (if description);

measurement or sampling
depth.

(location, soil profile, horizon,
sample)

horizons

Methods of data
acquisition

Method name;
property name;
source object type;
result object type;
file with description.

List of instruments with details
(serial number, condition,
precision, accuracy, etc.);
list of consumables with usage

Extended description; and
Formalized protocol steps;
Instruments settings;
Data processing model with
parameters.

Minimal description; and

A detailed description is produced continuously
and is the result of a full-fledged electronic laboratory
journal.

2. Case of implementation (work in progress)

The presented scheme of formalization is being
implemented for the development of Information system
that provides integration and multi-level presentation of

legacy and current data (See Fig. 2). The top panel shows
user interfaces for data entry, as well as a dashboard with
reports and statistics, and the bottom panel shows relat-
ed components of the database. Interaction between the
interfaces and the database occurs through the electronic
document management system. User (web) and program
(web API) interfaces are divided into interfaces:
a) for data entry (such as field soil description helper,
request forms for laboratory analyzes containing
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Fig. 2. General scheme
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metadata of soil samples, upload of requests into
the system and upload of measurement results by
operator, constructor of methods and a subsystem
for map recognition),

b) to search and create a data sample, generate statistics
and reports, work with models in the information
panel (data meta-analysis, generate scenarios, etc.).

The database consists of two levels, the first is

“data” level (Fig. 2), which includes field soil descrip-

tions, laboratory requests, metadata of the analyzed

samples, the results of measurements, as well as pho-
tographs (profiles, thin sections, maps, microscopic,
etc.), scans and vectorized maps, maps metadata. The

second level is “methods of data acquisition” (Fig. 2),

which includes:

— methods/schemas of field descriptions, schemas of
electronic document management processes, meth-
ods of measurements and data processing models,
methods of digitization and image recognition;

— detailed protocols for data acquisition with a de-
scription of certain measuring instruments or data
processing (characteristics and settings of instru-
ments, calibration curves and model parameters)
and software.

Conclusions

The proposed formalization scheme makes it
possible to store structured information about soils in
various levels of detail. Formalization of data acquisi-
tion is the basis for the creation of an electronic labora-
tory journal containing the un-ambiguous formulation
of a conducted or a planned experiment. The scheme
provides the ability to search for experimental time
series or compile pseudo-time experiments to provide
simulation models with a relevant set of data for ini-
tialization and parameterization. This makes it possible
to further tackle such an important scientific problem
as estimating the effects of parametric and structural
uncertainties in projections of ecosystem models. This
work is part of the scientific rationale for the creation
of a multi-level analytical system “Soil and land re-
sources of Russia for agricultural production”.
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YcnoBus pe3ynbTaTUBHOIo NPMMEHEeHU TEeXHOJI0MMM
MCKYCCTBEHHOI0 UHTEeJIJIeKTa B arponpoMbILLIEHHOM
komnnekce EAISC*

B.A. byasko, B.11. MEAEHHUKOB

®depepanbHOe rocypapcTBeHHoe y4upexaeHve «DenepanbHblii nccnegoBartesb-
CKUM LeHTp «MHpopmaTnka n ynpasneHne» PoCCUICKON akagemum Hayk», r. Mo-
cksa, Poccua

AHHOTaumsa. PaccmarpumBaloTCa peLleHns Ons CHUKEHUST SKOJIOMMYECKOM OMacHOCTU B CENbCKOM XO-
34ACTBE €4MHOro arponpoMbILLIEHHOr0 npoctpaHcTea EASC. lNpepnoxeH mexaHnam GopMMPOBaHUSA
Takoro NPOCTPaHCTBA, MO3BOJISIOLErO Pa3peLLnTb BO3HUKLLUME FeOMNoNTUYECKME, 3KOHOMNYECKME, CO-
umanbHble, akonorndyeckne npodnemsl. 310 egnHas umdpoBas nnatdopma ynpasieHus, BKoYatoLas
BO3MOXHOCTb 06/1a4HOr0 MOCTPOEHMS HA OCHOBE MaTemMaTU4YecKOro W OHTOJNIOMMYEeCKOro MoaenMpoBa-
HWS, eavHbIX UMAPOBLIX CTaHaapTax (CTPykTypa noannatdopmMbl cOopa, XpaHeHUs U MHTerpaumm noo-
nepaunoHHOi NepBUYHOI YHeTHON MHMOPMaLMM BCEX YHACTHUKOB B eavHOoi 6a3e AaHHbIX; CTPyKTypa
noannathopMbl TEXHOMOMMYECKOro y4eTa; CTPyKTypa noannatgopMbl afiroOpuTMOB 00paboTKM AaHHbIX
nepBbiX OBYX NognnatdopM B LENSX ynpasieHus nNpou3BoacTBOM). Npu TakoM Noaxoae npuUMeEHeHVe
TEXHOJIOUIA UCKYCCTBEHHOMO MHTeNekTa npuHeceT Hambonblumii 3pdeKT 1 No3BonnT obecneynTb Mak-
CUMaJIbHYIO MEXOTPACNEBYIO MPOCNEXMBAEMOCTb MPOAYKUMM N OyAeT MUHUMU3MPOBAHO HeraTMBHOE
BO3AENCTBUE NPUPOAHBLIX U aHTPOMOreHHbIX GaKTOPOB SKOJIOMMHYECKOM OMAaCHOCTU Ha OKPYXKatoLLylo cpe-
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Beenenne

Bricnmmii  EBpasuiickuii 9KOHOMHYECKHN COBET
MPOBO3MJIACKII O TUIaHaX ()OPMHUPOBAHUS Psifia €AUHBIX
PBIHKOB M TIPOCTPAHCTB. DTO PHIHKKM (DUHAHCOB, SHEP-
rOpecypcoB, TPAHCIIOPTHO-JIOTUCTHYECKOTO MIPOCTPaH-
CTBa, MPOCTPAHCTBA CBOOOIHOIO ABHMXXEHHUS TOBapOB
U pabodell CHIIbI, a TaKXKe EIUHOTO arpOMpPOMBIIII-
JIEHHOTO TpocTpaHcTBa. llocrnenHue MoIuTHYECKUE,
9KOHOMHYECKHE, COIMalbHbIE COOBITHS, YCHJICHHBIE
naugemueit COVID-19 u caHKIusIMu, OTIPE/IeIIsIOT HH-
TErparioHHbIE TPOIECCHl B arPOIPOMBIIIIIICHHOM KOM-
wiekce (AIIK) EBpoasuarckoro JxoHomuyeckoro Co-
103a (EADC) B KauecTBe BaXKHEHIIINX CTPATETUICCKIX
3aga4. [Tomumo perieHust mpobiaeMsl obecnedeHus Ha-
CeNieHHs €Ol M JOCTHKECHUS HEOOXOOUMOIO YPOBHS
MIPOJIOBOJILCTBEHHOM 0€30MacHOCTH TpeOyeTcsl pemarb
MPOOJIEMBI HAPYIIICHUS YKOJIOTUU ¥ KaueCTBA IHIIIH.

* PaboTa HoaJepkaHa IpaHTOM MHHHCTEPCTBA HAayKH M BBICLIETO
obpasoBanust PO, BHytpenuuit Homep 00600/2020/51896, norosop
Ne 075-15-2022-319.
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AIIK mpu ero TeXHOJIOTUYECKOM Pa3BUTHH, Kak
U TPAHCIOPTHAsl OTpacib, SHEPreTHUECKUA U KOMMY-
HaJIbHO-OBITOBOI CEKTOPBI, CTAaJ0 OJHUM W3 IJIaBHBIX
3arpsA3HUTENEH IPUPOBI, a PACTEHUEBOJICTBO — UCTOY-
HUKOM HaOOJIBIINX SKOJOTHYECKUX ITPobIeM, 4To 00y-
CJIOBJIEHO IIMPOKUM HCIIOJIb30BaHUEM Pa3INYHBIX 70~
XUMUKaToB. VX BO3I€HCTBHUIO MOABEPratoTCs HE TOIBKO
BpEIUTENH, HO U KOHTAKTHPYIOIIUE C HUMH TIO0JIE3HBIE
Opranu3Mbl (OTHULBI, YEPBU, HACEKOMBIE-OIBIIUTEINH,
Oakrepun u ap.). OHM THOO0 THOHYT, YTO MPUBOIUT K
HaApyILIEHUSIM OSKOCHUCTEMBI, K OPO3UH, YXYAUICHUIO
CTPYKTYPBI U IJIONOPOAKNS MOYBBI, JTMOO HAKAIJIHBAIOT
B CBOMX OpraHM3Max 3TH SJOXUMHKATHI, IepeaaBas ux
10 TIUILEBBIM LIETSIM, BILIOTH JI0 YeJIOBEKa.

ITo manHBIM AenaprameHTa Menuopanuun MCX B
Poccun exxeronno aerpanupyert 1,5-2 MIIH. Ta 3eMelb,
Y TIOTEPU CENIbXO3MPOIYKIIMH B 36PHOBOM SKBUBAJICH-
T€ COCTAaBISIOT Mopsiaka 3,9 MiH. ToHH. Tonpko U3-3a
MOYBEHHBIX 3p0O3Uil yIIepd MOXET JOCTUTATh 25 MIIpJ
py0. B roz. [lorepu Hanbosee 6OraToro ryMmycom cios
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3eMJIM COCTAaBJSIOT 1,5 MIIpA. TOHH B TOf, KOTOPBIE
BKJIFOUAIOT 75 MITH. TOHH rymyca, 30 MITH. TOHH a30Ta,
docdopa u kanus. [IpupoaHoe MmI0A0pOaANEe 3HAMEHH-
THIX 4epHO3EéMOB B 1ieHTpe Poccuu 3a mocnemuue 10
JIET YMEHBIIIIOCH B 1,52 pa3a, KOTU4EeCTBO TymMyca B
mouBax cokparmiock ¢ 8—10% mo 3—5% [1].

B pecnyonukax llenTpansHoil A3um cuTyarus
emre xyxe. B noxnage EBpasuiickoro neHtpa mno npo-
JIOBOJILCTBEHHOM 0€301acHOCTH [2] oTMedaeTcs, 4To
3amamnas EBpora xapakrtepu3yercss BBICOKUM YpOB-
HeM 3a00ThI 0 mouBe, Boctounas EBpona ¢ Poccueit
XapaKTePU3yIOTCS BBICOKUMU TEMIIaMH WHTEHCU(DU-
KallMM CEJIbCKOTO XO3SIMCTBA ¢ UPE3MEPHOU IKCILTY-
aTtaryeil caMmbIX IDIOJOPOJHBIX TOYB M OTKa30M OT
MEHEee MPOIYKTHBHBIX 3€MEJb, a a3UaTCKUE CTPAHbBI
EADC xapakTepu3yroTcst cCaMOil BBICOKOW CTENIEHBIO U
YpOBHEM JerpaJialiiy MOYB.

B Poccuu oCHOBHAsi NMpUYHMHA HKOJOTUYECKUX
npoOyieM — HecoOIoIEeHUE TEXHOJIOTHI BhIpaIlBa-
HUSl PACTEHUHN MPHU MOBCEMECTHOM HapyIIEHHH CEBO-
000POTHBIX OTPAHUYEHUI, HOPM U TIPABHJI BHECCHHSI
SITOXMMHKATOB, KOTOPBIE TIOMAJaloT B IOYBY, BO.NY,
BO3yX U, HAKOHELl, B MPOAYKTHI MTUTAHHUS.

DKOJIOTUYECKHE TPOOIEMbl UCTOUICHUSI U 3a-
COJICHUS TUIOJIOPOJIHON 3€MJIM, 3PO3UU TIOYB, BO3-
pacTaHusl THETYILIEro COCTOSHUA (Quopsl U (ayHbI
Bce Oonblie MPUBIEKAIOT BHUMaHHUE PETYIHPYIO-
IIUX OPraHoB. A KauyecTBO MUIIM BBI3BIBaeT Oec-
MOKOMCTBO Y HacelleHuss MHOTUX cTpaH. Bo3pacra-
IOIUEe BO3MOXHOCTU IU(pPOBOil TpaHchopmanuu
SKOHOMHMKHU CO3JAI0T YCJIOBHS AN (GpopMuUpoBaHUs
€IMHOT0 arponpOMBIIUIEHHOT0 WH()OPMAIMOHHOTO
MPOCTPAHCTBa MPOMU3BOACTBA Mpoaykuuu. Ludpo-
BHU3allMsl YIIPaBJIEHUS W JIOTUCTUKH HA BCEX dTamax
KU3HEHHOTO IMKJIa MPOU3BOJCTBA M JOCTaBKHU Oy-
JIeT BBIHYXKJATh BCEX YYaCTHHKOB OO0€CleYyuBaTh
MPOAYKIMIO HaJJIekalero kadecTtBa. B craTee
paccMaTpUBAarOTCSl Ba)KHbIE BOMPOCHI O0ecreyeHus
YCIEUTHOTO CO3/IaHMs TaKUX CPEACTB.

1. IlpocnexxnBaeMoCTb NPOAYKIMHA

Hudposuszanus ymnpaBieHUs W JIOTHCTUKH Ha
BCEX dTamnax »KHU3HEHHOTro IMKJa MPOU3BOJICTBa 00e-
CIIEUMBAET MPOCIEKUBAEMOCTh NPOAYKLHUU U TOBa-
POB, YTO TO3BOJISIET IOCTOBEPHO HH(OPMHPOBATH
MapTHepa, KOHTPOJIHUPYIOIIME OpraHbl, KOHEYHOTO
MOJIb30BaTeNsl 00 M3rOTOBHUTENE, CPOKAX, KayecTBe,
LIeHEe U APYTruX XapaKTepUCTHKaX ToBapa. B oraens-
HBIX OTpacisIX MPEeINpUHUMAIUCH IIard 10 peau-
3alMM Takoro noaxoaa. OHU HOCAT (parMeHTapHbIN
XapakTep, BHIIOTHAIOTCSA 0€3 MOTHOLEHHOTO OHTOJIO-
THYECKOTO MOJENMPOBAHUS MPEIMETHBIX OONacTel,
HE TO3BOJISAIOT M30€XaTh MHOTOKPAaTHOTO AyOIupo-
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BaHUs BBoAMMON HH(popmauuu. Tak, B AIIK eme B
2018r. 6buta mpuHsATa (enepanbHas rocyJapCcTBEH-
Hasg uHpopMmanuonHnas cuctema (UC) snekrpoHHON
BEeTEpUHAPHON cepTudukanuu «MepKypuii», B KOTO-
poii 00s13aHbI y4acTBOBAaTh BCE MPEANPHUATUS 000PO-
Ta TOBapoOB XMBOTHOTO MPOUCXOXKAeHUs. B HacTos-
mee Bpemst B AIIK npopabaTbsiBaeTcs BO3MOXXHOCTh
pacIIUpeHus] CINHUCKa MPOAYKTOB, MOANAJAOIINX
MOJl pealiu3allii0 MEeXaHHW3Ma MPOCIE)KUBAEMOCTH,
HanpuMmep, 3epHa. OnHako 0e3 pa3paboTku mudpPo-
BBIX CTaHAApPTOB, UCXOMAS U3 OCHOBHBIX IPUHIIUIIOB
uudposoii sxkonomuku (L13) [3], koTopble BKIIOUAIOT
€IMHbIE OHTOJOTHYECKYI0 U KOHLEMNTYaJbHYI MO-
JeNb MpeIMeTHOW 001acTh, ClIOBapH, OTpaHHYEHUs
1eJaocTHoCTU U mpouee, B EADC mnosBuUTCS MHOXeE-
CTBO HECOBMECTHUMBIX cucTeM. llo 3Toil mpuumHe
uaetr MeaneHHoe BHenpenue C Mepkypuii B cuiy
OTCYTCTBUS eAMHbIX uHTepdeiicoB ¢ UC mpennpus-
TUH, TUQPOBBIX CTAHAAPTOB HAa HWH(OPMAaLMOHHBIE
pecypchl, Ha aJITOPUTMBI PELICHUS 3a1ad.

Enunas nudposas miardopma ymnpaBIeHUs
(LITY) mpouzBonctBom AIIK, ocHoBaHHas Ha cOOT-
BETCTBYIOIIEH MaTreMaTu4ieckoil moaenu [4], mpea-
raercsi B KadeCcTBE PELICHUs MpoOneMsl yHU(pUKAIMN
(GPOBOr0 MHCTPYMEHTA IPOCIC)KUBAEMOCTU MPO-
OYKIIMA Ha OCHOBE €IWHBIX HU(POBBIX CTAHJIAPTOB,
Ha OCHOBE JIETANbHOI0 aHaJIM3a LU(POBOIT FIKOCUCTE-
Mbl (LIDC) AIIK [5] 1 ee cocTaBHBIX YacTel.

2. CTpykTypa mnpposoii niargopmsl yrnpasJie-
Hu#a AIIK B Poccun

C momouibl0 JAaHHOW MOIENH U psia TEXHO-
noruii npoektupoBanuss MC omnpeneneHsl HECKONb-
Ko HU(MPOBBIX HOMMIATHOPM, KOTOpBIE (HOPMUPYIOT
KOHKpETHbIE IU(POBBIE CTaHAAPTHI, B CyMME Ipe-
craBisitone enunyto LIITY. IlepBas — noamiargop-
Ma cOopa U XpaHEHHs MOOMEPAlMOHHON MEepBUYHON
y4eTHOH HMH(pOpMALMK BCEeX MPEANPHUATHNA B eIUHON
B (EBAITY), cTpykTypa KOTOPOW BKIJIIOYAET CIEy-
ouye arpuOyTel: BUA, 00beM U OOBEKT OIepaluy,
MECTO OCYUIECTBIIEHHS, CyObEKT MpOBENEHUs, Kaue-
CTBEHHbIE XapaKTePUCTHKH, UHTEPBaJl BPEMEHH IPO-
BEJICHUS, 3a]IeiICTBOBaHHbIE CPEICTBA MPOM3BOJCTBA,
o0beM W BuJ MoTpebieHHoro pecypca. Heobxonu-
MOCTb LHU(POBOTO CTaHAAPTA HA JaHHBIE IEPBHYHOTO
ydera OOyCJIOBJI€HA TaKXe MPOTHO30M BO3PACTaHUs
KOJTMYEeCTBa (PUKCALUN pa3IUUHBIX ISHCTBUIA Ha LUD-
pOBHU3HPOBaHHBIX NpeanpusaTuax (x 2050 roxgy no 4,1
miH. B JieHb) [6]. EBAITY moxker ObITh peain3oBaHa
Kak obnmayHasi cTpykrypa. CTaHmapT pacrnpocTpaHs-
eTCsl Ha KOHeyHoe 000pyaoBaHHE, WHTEpHET Bellei
(IoT). OH g0mKEH UCTIONB30BAThCS B MEKOTPACIICBBIX
B3aMMOOTHOILICHUAX MEXIY MPOU3BOIUTENSAMH, IIe-
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pepadarbIBalOIIUMH, JOTHCTUYECKHUMH, ONTOBBIMH H
pO3HUYHBIMU (upMamMu. JIaHHBIA CTaHIAPT CTPYKTY-
PBI IEPBUYHOTO y4yeTa ObUT MPOBEPEH IyTEM aHAaIH3a
pedepeHTHBIX Mojenel, 0ObeAUHAIONINX U CHCTeMa-
TU3UPYIOIIUX BCE 3HAHUS IO OTpaciIeBbIM OU3HEC-MO-
nensM [7, 8] W Hallen MOATBEPXKICHHE B APYTHX
oTpacisix HapoxHoro xo3siictBa Poccum, a Takxke B
ctpanax EADC.

CooTBeTrcTByIOLINE aTPUOYTHI U3 CMEKHBIX OT-
pacieil U aTpulyThl, OTpaxarouue OyXrajaTepcKyro
nH(popmanuio (HakjIagHbIe, aKThl), a TAK)Ke TaHHbIE
CTATUCTUYECKOTO yueTa, IJAHOBBIX U ONEpaTHB-
HBIX CIY’)XO JOJKHBI HAalTH OTpaxxeHue B LHU(PPO-
BOM cTaHaapte nepsuuHoro yuera B AIIK. EB/IITY
JOJI’KHA CTPOUTHCS B COOTBETCTBUU CO CTAHJAPTHBI-
MHU KiIaccupuKaTopamu, CIpaBOYHUKAMHU, CIIOBapsi-
MH M BO B3auMOJIeMcTBUM ¢ eaumHoil BJl TexHomo-
ruueckoro yuera (EBATY) u noannardopmoii 6a3sl
3HaHu# (puc. 1).

ELIIY

B TO Knacendeatopsl

|_

Difserr TO |
MecTo ooymecTRAcHNS TO | —|

CopasoyHEKH

T

CyfnesT nposeacss TO

KawecTeo npoeacais TO | Caospn I

[Mephon mpozeneris TO

ELATY

_|

| Moamnargopua Gaxs 3HEHE]

—

Ofseyn TO

OfseM OOTPeiIeEHOTD

Hun maTpe S snHOTD Brcy o |
pecypca |

17 ECTROGANIOE CPEAcTHa
OpOEFBRISTEA

Puc. 1. Undposon cTtaHoapT CTPYKTYPbl NEePBUYHOIO
yyeTta

3aMeTHM, YTO aHANOTHYHBIN OUPPOBOH CTaH-
JapT B IocieqHue 2-3 rojja Hauajl akTUBHO BHEAPATHCS
B CIIIA mpu pa3pabotke noamiar(opM-arperaropoB
MEPBUYHOTO CcOOpa M HAKOIJICHHUA CEJbCKOXO3Si-
CTBEHHOI HH(pOpPMAaLIUU U MPUKIIAJAHBIX TOAIIATHOPM
(ympaBneHueckux 3azaad) [9].

TMonmnarpopma EBATY — emunas mns Bcex
MPEeINpUATHH yiKe HEKOTOpoil oTpaciu. Tak, Ha puc. 2
MpeJcTaBlieHa YKpYIHEHHas HHPOPMAIlHOHHAS cXeMa
PaCTeHHEBOJICTBA €IMHON AJISl BCEX XO35MCTB KOHIIET-
TyaJbHOH MH()OPMAIMOHHOW MOJENIN PacTEHUEBOJ-
cTBa B cocraBe 946 arpubytoB. Ilpu 3TOM obnmayHas
nonmnarpopma EBJITY Takxke momxkHa OBITH MHTE-
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TPpUPOBaHa C COOTBETCTBYIOIIMMH KiaccudukaTopa-
MM, cripaBoyHuKamHu, cioBapsmu, EBJIITY u noxamnar-
(hopmotii 6a3bl 3HAHMIA.

Tpetbst moaruiaropMa — OMHMCAHUS aJTOPUTMOB
yIpaBieHYeCcKUX 3a/1a4 (0a3a 3HaHUM ), €IUHBIX I BCEX
MIPEANPUSITHIA Taroke onpeaenaeHHoi orpaciu. Chopmy-
JMPOBaHO oKoJo 240 3a/1a4 A7 paCTeHUEBOCTBRA.

KOHLUENTYA/IbHAA MOZE/Ib PACTEHUEBOACTBA

N /,f

Puc. 2. YkpynHeHHas nHOpMaLMOHHaAs cxema pac-
TEHMEeBOACTBA

Pa3zpaborannble craHAapThl LUQPPOBON IUIAT-
(hopMBI yIIpaBIeHUs TPHOOPETAIOT 0COOCHHOE 3Haue-
HuUe B 210xy L3, korna TeXHOJI0ruu AUCTaHIMOHHOTO
3oHaupoBanus 3emiu (33) u reouHdpopManoHHbIe
cucreMbl (I'MC) HaunHAIOT aKTUBHO BHEAPATHCS MPHU
peanuzanuu Tounoro 3emueaenus (T3). T3 Bce mmupe
BHEJIPSETCS] B HOBBIE arpOTEXHOJIOTHH IPH BBICOKO-
TOYHOM TO3UIIOHUPOBAHUK Ha OCHOBE TEXHOJIOTUH
A33 u T'UC, a taxke auddepeHIMpPOBaHHBIX BBICO-
Kk03(p(peKTUBHBIX U HKOIOT00E30IaCHBIX arPOTEXHUYE-
CKHX MEPOIPUATUI Ha MOJSAX HA OCHOBE MOIPOOHOM
vH(pOpMALIMA XUMUKO-(PU3NUECKHX XapaKTEePUCTUK
KaXI0T0 y4acTKa.

[losBnenue Ooyiee COBEPUICHHOTO JJIEKTPOH-
HO-ONTUYECKOTO 000pYAOBaHMs, yCTaHABIMBAEMOTO
Ha Pa3UYHBIX MOABIKHBIX U CTAI[IOHAPHBIX arnmapa-
Tax, ClIeUAIbHBIX HHCTPYMEHTOB JeMU(POBKHU CIIEK-
TPaJIbHBIX IMAPaMETPOB PACTEHUI aeT BO3ZMOXKHOCTh
paccUuTHIBaTh pa3iMyHble BEreTallMOHHbIE WHAEKCHI,
xXapakTepusyroue ¢Ga3bl pa3BUTHI U OHOMAcCy UX BO
BPEMEHHOM pa3zpese. Takol MoidydyeHHBIH JUHAMHUYE-
ckuii psaja ganHbx /(33 obecrieunBaeT aHanu3 MpoBe-
JeHHs OOJIBIIMHCTBA arPOTEXHUYECKUX MEPOTIPUITUN
C BBIABJICHHEM 3apa)KeHHBIX OOJIE3HSAMU U BpEAMTE-
JSIMH YTOAMA C OLEHKON MPUYMHEHHOTO UM yIiepoa,
a TaKKe MOCIEACTBUHA CTUXUHHBIX MPUPOAHBIX SB-
JeHud. B 9THX yCI0BUAX y4eT U MOHUTOPHHI Mak-
CHUMAaJIbHO BO3MOXHOTO KOJIMYECTBA CEIbCKOXO35H-
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CTBEHHBIX IPOIIECCOB CTAHOBUTCSI OCHOBHOM LIEJIbIO B
pa3paboTke cTparerueii nudpoBU3aMK KPYITHEHIINX
arpoNpOMBIIIICHHBIX U MAIIMHOCTPOUTEIBHBIX HUPM
B Mupe. COpueHTHPOBATHCS B 3TOM NOTOKE HHPOpMa-
LU CAMOCTOSTEIBHO MPAKTUYECKU HEBO3MOXKHO [10].
U 31ech Ha MOMOILIb AOJIKHBI IPUITH TEXHOIOTUHU HC-
KyccTBeHHOro uHresuiekra (MN).

A 3710 TpebyeT MHTEerpaluu OrpoOMHOTO 0O0bemMa
JIAHHBIX N7 00paborku ¢ mpumenennem WU [11].
CdopmynupoBanHsie  1H(POBBIE  MOAIIATPOPMBI
OTIPENeNIAIOT PAllMOHAIBHYIO CXeMY UHTErpalluy J1aH-
HbIX TexHonoruit B [{ITY AITK [12].

Takass wHTerpamus ¢ BHempeHuem 13 OyaeT
CHOCcOoOCTBOBATH MOBBIMIEHUIO 3((EKTUBHOCTH MPO-
M3BOJACTBA MPOAYKUUH, OTBEYAIOLIe HEoOXOTUMBIM
LIEHOBBIM, KaY€CTBEHHBIM U 9KOJIOTHUYECKUM TpeOoBa-
HusAM. IHTeHCHBHBIE HCCIIEIOBAHUS B COBEPIIEHCTBO-
BaHUM 3TUX TEXHOJOTUH BelyTCS BO MHOTHX CTpaHaXx.

3. IlIpuMephl NpUMEHEHUS] TEXHOJIOTHii
HCKYCCTBEHHOT0 MHTEJJIEKTA B TOYHOM
3emuieleJ iU

MHorue u3BecTHble TexHonoruu 13, BKIIOYaro-
[I1€ JKOJOTHYECKYIO0 COCTABISIOUIYIO, HCIOJIb3YIOT
NU, ormerum Hekotopsle u3 HUX [10, 13]. B Poccun
TaK)Ke €CTh OTHeNbHble pa3pabOTKH, MOKa Y3KOHA-
npaBlieHHbIE, 6€3 KOMIUIEKCHOTO noaxoxa. [Ipusenem
B KauecTBe MpUMepa HEKOTOpbIe Hanbosiee IpoABUHY-
ThI€ 3apyOeKHbIE PEIICHUS.

3.1. MawwuHHOe o0y4yeHne nNpy MOHUTOPUHre

nonemn

Wzpaunsckuit mpoaykt Taranis mpenoctaisieT
TOYHYIO UH(OPMAIIMIO O COCTOSHUM PACTEHHIA Ha OC-
HOBE MOKa3aHUH MOJIEBBIX JaTYUKOB, METEOCTAHIIUMI,
a’poPOTOCHEMKH, UTO MO3BOJISIET CBOEBPEMEHHO BbI-
SIBIISATH HETaTUBHBIE (PAKTOPHI B BUE UACHTU(DHUKAIIIH
Oone3Hel u BpeguTenel, neuuTa NuTaTelbHbIX Be-
LIECTB C BBIPAOOTKON peKOMEHAalui 110 ONepaTUBHO-
My BMELIATENbCTBY.

[Tnarpopma Watson Decision Platform for
Agriculture ot IBM naet KOHCYJAbTalluu PU BO3HUK-
HOBEHHU PHUCKOB MOPaXEHUH KyKypy3bl Ha OCHOBE
nanubix 133 (uagexca HD-NDVI) o go3ax, turme re-
CTHILIMJIOB 1 ONITUMAIIbHBIX CPOKaX UX BHeceHus. Dep-
MepBbI IOJIy4aloT MPOTHO3BI YPOXKaHHOCTHU U JIP.

[Tnardopma uckyccrBennoro unremiexta Health
Change Maps and Notifications xomnanuu Farmers
Edge oneparuBHo nundopmupyet pepmepa 06 s dex-
TUBHOCTHU pabOTHI TEXHUKHU, COCTOSIHUU PACTEHUH, MO~
SIBIIEHUH BpenuTeNel uiu O0one3Hel, neduuure nura-
TEJBHBIX BEIIECTB U 1.

IMpunoxenue Field Manager ot Bayer Ha MoOuIb-
HOM TenepoHe JaéT monbp30BaTes0 HHHOPMAIIUIO O BO3-
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MOYKHBIX PUCKAX C IOCEBAMHU U PEKOMEHJIAIINH O CIIOCO-
0ax MX MMPeIOTBpAILEHUs Ha OCHOBE 00paOOTKH JaHHBIX
33 1 GonbIIOro KoIMYecTBa APYrux JaHHbIX U3 b/1.

ITnarpopma Hummingbird Technologies o6e-
crieunBaeT (GepMepoB MH(pOpManUe 0 TEKyIeM co-
CTOSTHUM M 00beMaxX pPacTUTENBHOW MacChl, HaJMYUU
COPHSIKOB, Ie(UIIUTE Y PACTEHUI a30Ta U Ap. HE TOJb-
KO Ha OCHOBe JaHHBIX /[33, HO U HA3eMHBIX CPEJCTB
MOHUTOPHHTa, CHUMKOB BITJIA.

3.2. TexHonorum UM ana 6opbObLI

C COpHSIKaMu

AKTHUBHO pa3BUBAIOTCS pabOThl MO INpHUMEHe-
Huto UM ans 60pbOBI ¢ COpHAKAMHU M BPEAUTENSMU.
Tak, xommanusmu Bayer m Bosh paspabareiBaercs
TEXHOJIOTUS] YMHOTO OINPBICKMBaHUs Smart Spraying,
KoTopas OyIeT “‘y3HaBaTh’ COPHSK M ONPENeNATh BH]
U HEeoOXOOUMOE KOJIMYECTBO MecTUUUAa. «YOwuiiua
COpHSKOB» OT komrianuu EcoRobotix criocoben camo-
CTOSITENIFHO TNepeMelaThes Mo Moo, auddepeHuu-
POBaHHO pacro3HaBas U 00pabaThiBasi OOHApYKEHHbIE
COPHSIKH. YTBEPXKIAETCs, YTO TEXHOJIOTHS IO3BOJIUT B
20 pa3 cokparuTh 00BEM HCIIOIH30BAHMS TEPOUIIHIOB.

AproHoMHas cucrtema WeedSeeker kommaHuu
Trimble npou3BOAWT TOYEYHOE OMPLICKUBAHHE CO-
pHO pactutensHOCcTU. CHCTeMa HIASHTUDUIUPYET
COPDHSIKM C TIOMOIIbIO CBETOJAMOAOB CKAHUPYIOIIUX
MOBEPXHOCTh B KPAaCHOM M MH(PaKpacHOM JAuamnazo-
He. OTpaXEHHBII CBET aBTOMATUYECKH aHAIU3UPYeT-
csl, Ipu OOHApY)KEHUH PacTEeHHs CUTHAM MOoAa&Tcs Ha
(hopcyHKy, koTopasi cpabaTbIBaeT TOYHO HaJl HUM.

3.3. TexHonorum UN npeHTndpukauumn

Gones3Hei pacTteHuin

CoBpemennsie TexHonorud M nomoratot dep-
MepaM nocie uaeHTu(uKauy 3a06oeBaHus pacTeHUN
BBIOpaTh METO/IBI UX JIEUEHHUS C PACUETOM HKOHOMUYE-
CKUX Mokazateneil. [Ipouecc MpoUCXOAUT HA OCHOBE
dhotorpaduii mopaxk€HHON yacTu pacteHus. MoOub-
Hoe mpuioxeHue Plantix komnanuu Peat mpenocras-
nser pepmMepaM BO3MOXKHOCTh UACHTHU(HUKALIUU CBBI-
me 60 Oonesneil pacreHuil. IlpunoxxeHue comepKUT
orpoMuyto B/l CHUMKOB ¢ uaeHTH(UKAIUEH 10 Co-
pTaM pacTeHHi, BuaaM OaxkTepuii, 3a001eBaHuil 1 ap.

[Tpunoxenue Scouting Bayer-BASF Taxxe mo-
MOTaeT AMAarHOCTUPOBaTh 3a00JieBaHMS, HaPYIICHUS
pa3BUTHs, CTENEHb O0ECIEYeHHOCTH a30TOM pacTe-
HUH Ha OCHOBE 00pabOTKH (POTOCHUMKOB.

3.4. TexHONorum NCKYyCCTBEHHOIro

MHTennekTa B umdpoeusauum

>XXMBOTHOBOACTBA

OnbIT HU(GPOBU3ALNH KUBOTHOBOICTBA BO MHO-
TUX CTpaHax MOKa3bIBAET, YTO IIOYTH BCE TEXHOJIOTH-
YeCKHe OMepaldy B OTPACIU MOLAAIOTCS Iu(poBon
Tpanchopmanuu ¢ ucnonb3oBannem WU, Tlpusenem
OCHOBHBIE HalpaBJIEHUs TaHHON TpaHC(hOopMaLnu.
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— yAyYllIeHWEe Ka4eCTBEHHBIX YCIIOBHH COIOEpX aHMA
KUBOTHBIX 32 CYET YMHBIX CICTEM YIPABJICHUS CBE-
TOBBIM PEKUMOM, MHUKPOKIMMATOM, KOPMIIEHHEM,
HABO30YaJIeHUEM, MOCKOIbKY KOM(OPT >KUBOTHBIX
BJIMSIET Ha UX MPOAYKTUBHOCTB;

— cenexuus nopoa. CeleKuus Mo3BOJUT MaKCUMAalb-
HO TOYHO BBIBECTH IMOPOJY IO 3aJaHHBIM Tpebo-
BaHUSIM U CBOMCTBaM (OTCYTCTBHE I'€HETHYECKON
MPEIpPacioiIOKEHHOCTH K OIpeNeNeHHbIM 00e3-
HSM, MSICHBIE U MOJIOYHBIE KaueCTBa, CKOPOCTh PO-
cTa M co3peBaHusi). B Hacrosiiee Bpems OoJblune
HAJEX bl BO3JIararoTcss MMEHHO Ha MmeTonsl MU, Ha-
nmpuMep, Ha pa3paboTKy METOZOB aHaju3a T€HOM-
HOM MH(POPMALIMHU I OLIEHKU TUNIEMEHHOMN LIEHHO-
CTH >KMBOTHOTO B PaHHEM Bo3pacTe. B HacTosiee
BpeMsl BEAyTCs UCCIIEAOBAaHUs 1O BEIOOPY TOIa KU-
BOTHOTO, MOJIOYHOW MPOXYKTUBHOCTH, TOJIIIUHBI
oTpyOa 114 cTeiiKa;

— aHaJM3 KauecTBa MOJIOKA; IMArHOCTHKA M MPOQu-
JaKTHKa 3a00JIeBaHUI )KUBOTHBIX; COOIIOIEHHUE Ca-
HUTApHO-TUTUEHUYECKUX HOPM.

3.5. OnbIT ucnonb3osaHna TexHonorun UN

B CenbCKOM xo3aicTee Poccum

Bceren 3a pa3BUTBIMHM CTpaHamMM B Halled cTpaHe
CTPEMUTEIILHO MOSBIISIETCSI MHOTO KOMITAHUH, TIpesiara-
IOLIMX Pa3MyYHbIE pelleHus B o0nacTi udpoBU3alun
CEJIbCKOIO XO3SHUCTBA, B YaCTHOCTH, TexHoioruit MU,
BeyTCsl MHTEHCUBHBIE UccienoBaHus Bo MHorux HAM.

Hanpumep, B 2021r. ®UL 1Y PAH coBmecTHO €
Camapckum ['AY Obu1 TpoBeIeH MOJIeBOI SKCIEPUMEHT
[0 ChEMKE CEIIbCKOXO3SHCTBEHHOM pacTUTEIbHOCTU
Ha OCHOBE HEMPOCETEBBIX aJTOPUTMOB aHAJIN3A MYJIb-
TUBPEMEHHBIX, MYJIFTUMACIITA0HBIX TUIIEPCIIEKTPAIb-
HBIX JaHHBIX, TOJYYEHHBIX C UCIIOIb30BAaHUEM THIIEp-
CHEKTpalIbHOU Kamepbl Ha ocHoBe cxembl OdHepa.
st gero Ob11a pazpaboTaHa METOIOIOTUS TOCTPOSHHUS
BBIYUCITUTENBHO 3(h(HEKTUBHOTO U KOMIIAKTHOT'O OITUCA-
HUS XapakTepHOU (0co00ii) TOUKH H300paXkeHus. J1a
TEXHOJIOTUS TIpeJHa3HaueHa Uil MPOCTPAHCTBEHHOTO
COIOCTaBIIEHUA HM300paKEHU ¢ MOMOIIBIO ammapara
BBIYUCIICHUSI TUCKPUOUpPAyeMbIX OCOOBIX TOYEK H30-
OpakeHHs M MOCIEQYIOUIEro MOKMCKa romorpaduu c
nomMotipto uHppacTpykrypsl RANSAC. O6ocHOBaHO
WCTIOJIb30BaHUE CHELUABHBIX 00y4aeMbIX JeCKPHUIITO-
POB XapakTepHbIX (0COOBIX) TOUEK.

A Ttaoke ObLT pa3paboTaH OPUTHHANBHBIA ajro-
PUTM OBICTPOTO BBIUMCIIEHHUS CBEPTOK B HEHpoceTe-
BBIX MOJEJSIX Ha IMpoleccopax oOIero Ha3HaYeHUsI.
Ha cerognsiamii neHp 3a1ada cerMeHTauuu nudpo-
BBIX U300pa)KeHUI HEpa3phIBHO CBA3aHA C METOAaMU
JETEKTUPOBAHUS M KIacCU(UKAINH LIETeBBIX 00bEeK-
TOB. Mcnionb3oBaHue ITyOOKUX HEMPOHHBIX ceTel s
3a/a4 Ki1accu(UKa U OCOOCHHO JETEKIIMU Orpa-
HUYMBAETCS UX OOJBIION BHIYMCIUTEIBHON CIIOKHO-
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cTh10. B ycnoBusix 06paboTku 00IbIIMX 00bEMOB 1aH-
HBIX, KJIIOYEBBIM MOMEHTOM SIBISIETCSI NPHMEHEHUE
METOIOB ONTHUMH3AIMU OBICTPONEHCTBHS HeHpoce-
TEBBIX KJIacCU(UKATOPOB. [loaTOMy OBLT MpeaIoXKeH
OPHUTHHAJBHBIA aNTOPUTM BBIUUCIICHUS CBEPTKH C Oy-
tdepom (ukcupoBaHHOTO pa3mepa, KOTOPBIH HE TOJb-
Ko Belumcisiercs: Ovictpee Ha 10-20% oTHOCHUTENBEHO
KJIACCHUECKOTO METO/a, HO U yMEHBIIAeT 00bEeM JI0-
MONHUTEIBHON MaMATH, TpeOyeMOoM ATl BEIYMCICHUS
JUCKPETHOH CBEPTKU.

OnHako, B CEIbCKOM XO3IHCTBE OCTAaETCs psif
npoOieM, MEMIAIOMKX TOTHOMACIITaOHOH N pPOBOI
TpaHC(hOpPMAIMU OTPACIH U TPEOYIOMUX COBMECTHO-
r'0 KOMIIJIEKCHOTO pellleHus Ou3Heca, HayKH U IpaBH-
TenbcTBa. COOTBETCTBEHHO, 3TH NMPOOIEMBI KacaroTcs
u npuioxeHui I, xoTopble JOIKHBI IPOMTU MHTeE-
IpallMOHHBIE NIPeoOpa3oBaHUs B CTaHIAPTHI Mpeasa-
raeMoil equHON nH(POBOH MIATGOPMBI YIpPaBICHUS
oTpacnblo. [lepedncinm HEKOTOphIE U3 HUX.

Bonpmioit mHTEpEeC K HUGPOBBIM TEXHOJIOTUIM
B Pa3BHUTHIX CTPaHaX MPOAMKTOBAH Bce OoJee yCIOXK-
HSIOIUMHCS M JIOPOTHMH TPAJUIMOHHBIMH TEXHO-
JOTUAMH TOBBIIICHUS 3((EKTUBHOCTH U KauecTBa
HOPOIYKIUH CENbCKOTO XO3siicTBa, a Hauuuue OOib-
moro pesepBa Poccun B COBEpUICHCTBOBAHMU TaKHUX
TPaJULMOHHBIX HAIpPaBICHUN MOBBIMICHUS 3(dek-
THUBHOCTH OTPACIIH, KaK HEOOXOJMMOCTb OOHOBICHHUS
HapKa CeNbXO3TEXHUKHU NPH BBICOKOH CTOMMOCTH BBI-
COKOTEXHOJIOTHYECKUX CPEACTB ITHU(PPOBBIX TEXHOIO-
THi U CIIO)KHOCTH UX OCBOCHUS, a TAK)KE OTCYTCTBHE
KBaTH(UIMPOBAHHBIX KaJpOB B CTpPaHE HE MOPOXKIA-
I0T «COLMAJIFHOTO 33aKa3ay y OOJIBIINHCTBA XO3SICTB.
[Ipu sToM ¢urcupyrorcs Oonbiue (GUHAHCOBBIE U
HOPOIYKTOBBIE TTOTepH. KOMIUIEKCHOE HCIIOIb30BaHNE
I(POBEIX TEXHOJOTHH MOTYT Ha4aTh JIUIIb HEMHO-
T'He OTEYCCTBECHHBIE XO3SIHCTBRA.

ITudporas Tpanchopmarist SKOHOMUKH TpeOdy-
€T 3aMEHbI WIN JOPaOOTKHU MPOM3BOACTBEHHOTO 000-
pyZoBaHMA Ha HHU(POBOE, M TOT MPOIECC AOBOILHO
CJIOKeH U Jopor. [IpnobpeTenne ke JoporocTosIeH,
HAyKOEMKOH, IU(PPOBOA TEXHMKH M 00OpYIOBaHHMA,
Ui 00CITYy)KMBaHUSI KOTOPOTO HYXXHBI Tpodeccro-
HAJIbHBIE KaApBl, MOTYT IO3BOJHTH OISITH K€ JIHIIHL
KpYIIHBIE XO3siiCTBa.

B crpane crmabo pa3sBUTO HPOHM3BOICTBO IIPH-
€MO-TIEPEAAIOIINX  YCTPOWCTB, JATYMKOB, HCION-
HUTENBHBIX MEXaHW3MOB W JAPYTrOoH ammapaTypsl,
HEOOXOAMMBIX ISl IPIMEHEHNS TEXHOIOTHH aBTOMa-
THYECKOTO YIIPABICHHUS TEXHOJOTHMYECKIMH IPOIIEeC-
CaMH CEIbCKOX03AHCTBEHHON TEXHUKH.

B orpaciu mpomomxaeTcs 3I0Xa «II03aJadHo-
ro» (parMeHTapHOTO MPOCKTUPOBAHUS M pa3paboT-
ku MC ¢ popMupoBaHHEM B KaKIOM MPEANPHUITHN
COOCTBEHHBIX WH(OPMAaIMOHHBIX Moxenei BJl, uH-
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(hOpMAIIIOHHO HECOBMECTHMBIX, KOTJA Y Pa3INnYHBIX
MIPOU3BOUTENEH TPUOOPETAIOTCA OTACIIbHBIE, TaK Ha-
3BIBAEMBIE «TOTOBBIE» MPOTrPaMMHBIE KOMIUIEKCHI, HE
CBSI3aHHBIC HU (PYHKIIMOHAIBHO, HU HH()OPMAIIHOHHO.
Haxke B arpoxonnuHrax cosgansl opuruHaibaeie C,
pa3paOoTaHHBIE MMOJ TEKYLIHUE HYXAbl KaXJIOro KOH-
KPETHOTO NPEANPHUITHI CO CBOMM HH(OPMAIIIOHHBIM
o0ecrnieyeHreM, MOHATUHHBIM anIapaToM, alropuTMa-
MU peLIeHHs 3a/ad U PasHOPOAHBIM MPOrPaMMHBIM
U anmapaTHbeIM obecriedeHueM. IlosTomy oxazaincs
HEBOCTPEOOBAaHHBIM TOJIOKUTEIbHBINA MPaKTHYECKUN
OTBIT KOMIUIEKCHON WH(pOpPMaTU3aIMK KPYIHBIX ar-
POTIPOMBILIUIEHHBIX Tpeanpusatuii  Kpacuonapckoro
u CTaBpoOIONIBCKOTO KpaeB Ha 06a3e mpoobpasza LIITY
C BHEJPEHUEM OKCIEPTHBIX CHUCTEMBI, SBIISIOLINXCS
MPOTOTHUIIOM COBpeMeHHbIX MeTonoB MU ans Beipa-
LIMBAaHUS TOMATOB U CaxapHOM CBEKJbl. 3a 2 rona oT-
JIeJIbHBIC TTOICUCTEMbI ObUIH BHEPEHBI TOT/Ia B Ooiiee,
yem 1000 npennpusartuii. [Ipu 3ToM B pernonax coszua-
BaJICh LIEHTPHI BHEAPEHHS U 00YUYEHUSI.

KommnexkcHoe npumenenrie MM BO3MOXXHO JTUIITb
MIPH TIOJYYEHUH PeajIbHbIX JaHHBIX O KOKION OTIENb-
HOM TEXHOJIOTUYECKOH OTepalum, 4eI0BeKe, MEXaHU3-
Me, )KHBOTHOM, a MHOTJIa JJake PaCTeHUHU. A B HACTOA-
mee BpeMs okoiio 90% Bcex JaHHBIX 3aMMChIBACTCS Ha
Oymare unm BpyuHyr BHocutcs B Excel. Mcnonb3o-
BaTh TaKHe JaHHBIC IPAKTUYECKH HEBO3MOXKHO.

OO0 »TOM TOBOPAT U PE3YyNbTAThl YKa3aHHOTO
BBIILIE COBMecTHOro skcnepumenta OUIl Y PAH
u Camapckoro I'AY 1o MCMONB30BaHHIO TEXHOIOTUN
A33 u UM B pape xoszsiicts Camapckoit u Poctos-
ckoii oomactax. Tak, ObLI CIEIaH BBIBOO O TOM, 4YTO
PYKOBOJICTBYSICH JIMIIL AaHHBIMU J[33, BKIIOUaIOIH-
MU THUIEPCIEKTPANbHYI0 BU3YyalIH3aIHI0, PEKOMEH-
JIOBaTh C BBICOKOM J10JIEH TOCTOBEPHOCTH O MPOBENE-
HUU HEOOXOAMMBIX TEXHOJIOTHYECKUX MEPONPUSITHIX
CJIO)KHO, TaK KaK HEOOXOAMMO YUUTHIBATh U OOJBIIOE
MHOXECTBO JPYT'MX UCTOYHHKOB JaHHBIX: TIOTOJHOTO
MOHHMTOPHUHTA, COTHEYHOH aKTMBHOCTH, PO3bI BETPOB,
BO3/IEIICTBUSI arpOXMMUKATOB, 3aCEJIEHHOCTH MOJeH
HAaCEKOMBIMH, arpoOXMMUYECKOTO COCTaBa, BIAroco-
JepXKaHug ¥ APYTUX XapaKTepUCTUK mouB. JIumb Ha-
JM4YUe yKa3aHHOI JOCTOBEpHOIl MH(pOpMaLUU MO3BO-
JISieT CO37aBaTh KOMIUIEKC MaTeMaTHYECKUX MOJeNeH
MIPUHATHUS COOTBETCTBYIOIIMX PELICHUH.

ITosToMy B cTpaHe HEOOXOIMMO HANPABUTh YCH-
JUsl Ha KOMIUIEKCHYIO OTpaboTKy Ha ocHoBe LIITY
CaMBIX COBEPIICHHBIX OTEYECTBEHHBIX IUPPOBBIX
TEXHOJOTUII W KOMIETEHIHUH, MOJO00HO pa3BUTHIM
CTpaHaM, Ha HECKOJBKMX JTAJOHHBIX OOBEKTax C
ocHamenueM ux coBpemeHHbIMU UKT, narunkamuy,
npubopamMy, TEXHOJIOTHUECKUM O0OpyIOBaHHEM U
MalIMHHO-TPAKTOPHBIM MapKOM, COBMECTHMBIMH KaK
JpyT C IPYTOM, TaK M MPUCTIOCOOICHHBIMHU K Pa3iiud-
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HBIM IMM(POBBIM TEXHOJIOTHSM, OXBaTHIBAIOIIMMHU
BCEBO3MOXKHBIEC HAINPABJICHUS UX Pa3BUTHSA B MUDE, C
MOCIIEAYIOIIMM MacCOBBIM BHEJJpEHUEM Hauboee 3¢-
(heKTHBHBIX M3 HHX IO Bced cTpaHe. Ha 3TanoHHBIX
00BeKTax JI0JDKHA OBITH MPOBEPEHA HA NMPAKTUKE I10-
TpeOHOCTh B HEOOXOAMMBIX CHeIHaIucTax sl mud-
POBH3AINH CENbCKOTO XO3SHCTBA, MOMyYCHHAs C I10-
Momipio Moznenu (opmupoBanus LIITY B konmmndectse
90000 yenoBek C eTaJIbHBIM PAcYeTOM IO CHEIHallb-
HocTsM. Ha ocHOBe ombITa KOMIUIEKCHOW MH(OpMa-
TH3AIMU OTPACIIM B paMKaX MpPOTPaMMBI 3JICKTPOHH-
3alUM CEJLCKOTO XO3SiiCTBa BHEIPEHHE OTACIBHBIX
I(POBEIX TEXHOJOTWH MOIIO OBl HavYaThes depes
HONTo/a IPY HAIMYNN OPTaHU3aLMOHHON CTPYKTYPHI
reHepajgbHOro KoHCTpyKTopa LIITVY.

4. EnHOe TPaHCHOPTHO-JIOTUCTHYECKOE
npoctpancTeo EA9C

OpHUM U3 KaueCTBEHHBIX M3MEHEHUH, CBA3aHHBIX
¢ BHeapenuem LITY AIIK B EADC, craner casur B
CTOPOHY KOJUIEKTUBHOIO CO3HAHUS U KOOIIEPAaTHBHBIX
(hopM B3aMMOAEHCTBUS B3aMEH MHIMBHIyaJIM3Ma Ka-
XJI0M cTpansl. llenouka Ipou3BOACTBA U CObITA YCTPO-
€Ha CEeroJHA TakuM 00pa3oM, YTO KaXKAbI YYaCTHHUK,
OLIEHMBAsl CBOU PUCKY, 3aKJIAIbIBAET UX B LIEHY CBOErO
npoaykTa. [Ipu 3ToM KaxAbld CIEAYIOIIUA yYaCTHUK
LIENIOYKHU «IIOKYIIAeT» PUCKH, 3aJI0KCHHBIE BCEMH IIpE-
JBIAYIIAME YYaCTHUKaMHU LETIOYKH, TPUOAaBiIsis CBOU B
LeHy NpoAyKUuH. B pesynbrarte KOHEUHBIH YYaCTHUK,
HarpuMep, Mara3uH cooupaeT Bce PUCKH U «TIPOAAET»
ux norpedutemo. Takum 00pa3oM, aKKyMylIUpOBaH-
HBbIE PUCKU OIUIaYUBAET HaceneHue. Takoe B3auMonen-
CTBHE MPHUBOIUT HEBOCIPHUMMYHMBOCTH K LUPPOBOI
TpaHc()OpPMALIUHU BCE 3BEHbS LIEMOUYKH, TOCKOJIBKY KaX-
JIbIi 3aMHTEPECOBaH JIMIIb B CBOCH MapiKe, He BHUKAs B
CUCTEMHOCTb BCEH LIETIOUKHU.

Hudposas miardopma yrnpapieHHS HPU COOT-
BETCTBYIOLIEM pACHIUPEHUH €€ UH(POPMAIMOHHON
6a3bl Ha OCHOBE €IUHBIX CTAaHJIAPTOB MOXET obecre-
yuTh TexHonornueckuit npopsie B EADC. Jlorucruka
MIPOU3BOACTBA U JOCTABKU MPOIYKTA 10 MOTpeOUTeIs
moboro Buaa nponykra B EADC, a He TONBKO celb-
CKOXO3SiCTBEHHOTO, MOXKET (hOPMUPOBATHCS HA OCHO-
BE€ MaTeMaTHYeCKOW Mojenu (pOpPMHUPOBAHUS €AUHOU
HITY B unTepecax AIIK, 10ruyHO MHTErpUPOBAHHYIO
B equHylo npousBoicTBeHHyro LIIIY. Ilocrpoenue
WC na enunoit LIITY norucTuxoi yaydIiuT ynpasie-
HUE B3aUMOOTHOIIECHUSMU C MOTPEOUTEISIMU, 00CITY-
XKHUBAaHHEM MOTPeOUTENEeH, CIPOCOM, BBITOTHEHHEM
3aKa30B, MPOMU3BOJCTBOM, IIOCTABKOM, pa3paboTkon
IPOLYKIUH U JOBEJCHHUEM €€ 10 KOMMEPUYECKOIO UC-
NOJIb30BAHUA, PEBEPCUBHBIMH IIOTOKAMM JUI1 BCEX
CTpaH COAPYXkKeCTBa.
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[Tpou3BoaCTBO OONBIIMHCTBA TOBAPOB B COBpE-
MEHHOM MHpE OCYILIECTBIAETCS MPHU yYaCTUH MHOTHX
MPEANPUATHI U3 BCEro OONBIIEr0 KOJIMYECTBa CTPaH.
[dpobnenue mpousBoacTBa pacteT. Jaxke mosBuics
TEPMUH — “LIEMOYKHU Jlo0aBiIeHHOW crommocTtn”. Tex-
HOJIOTHSI TAaKorO JpoONeHus TpeOyeT MHQOPMAIMOH-
HOW COBMECTHUMOCTH IOTOKA IaHHBIX 110 BCEH IIETIOYKeE.
[NocpenHuku, KOTOpbIE HE CO31AIOT 100ABIEHHOM CTO-
HUMOCTH, U3 JIOTUCTUYECKOM 1enouku B pamkax L{ITY
JIOTHCTUKH HCKITouaroTcs. [lepexon Ha 3IEeKTPOHHYIO
HWHTETPUPOBAHHYIO JIOTHCTUKY Ha OCHOBE TEXHOJIOTHU
pacIpeeNIeHHBIX PEECTPOB CHITPAET OIMPEACIIONIYI0
POJIb B JOCTIKEHUH TOCTOSIHHOTO KOHTPOJISA 3a Mare-
PpHUaTBHBIMU IOTOKaMU B peajibHOM MaciiTabe BpeMeHH
B peXHUMax yaajieHHoro poctyna uepes LIITY, u no3so-
JIUT YYUTHIBaTh MOTEHLIUABHBIE BOBMOKHOCTHU MIPOH3-
BOJICTBa, CHaOkeHus1, motpednenus [14, 15].

Kak orMeuanoch Bblllle, aHAJOTHYHBIN Tpolecc
Baenpenwust L{ITY B Bune EBJIITY u 06a3bl 3HaHuii B
nocneanue roapl npoucxonut B CIIA. Kommanus
J’son & Partners Consulting, ananu3upys cocTossHUE
JIeJ, CYMTAET, YTO MCIONb30BaHUE TEXHOJOTHHA ABYX
yKa3aHHBIX BbIlIe TIAaTGopM B 1ernouke GopMHpOBa-
HUsl 100aBJICHHOW CTOMMOCTU arpapHOd MPOAYKLIUU
(omTOBBIE KOMIAHMU, JIOTUCTHUKA, PO3SHUYHBIE CETH)
MIPEOCTaBUT BOSMOXKHOCTD MEpexojia K MPsIMBIM MPO-
JlakaM, KOT/Ia MPOU3BOUTENh MPOCIEKNBAET KOHEU-
HOTro moTpedurens, o0beM U CTPYKTypy €ro crpoca.
OH npOoU3BOAMUT POBHO Ty MPOLYKIHIO, KOTOpask HYX-
Ha MOTPEOUTEII0, U B HYXKHOE My BpeMs P UCTIOJNb-
30BaHUHM MAaTeMaTUYeCKUX MOJeNiel, B TOM YHUCIe,
MPEIUKTUBHON aHATUTHUKHU. YIpPaBICHUE JOCTaBKON
MPOAYKIIUN TMPOUCXOTUT MyTEM aBTOMAaTHUECKOTO 00-
MeHa WHpopMalueld Mexay yYaCTHHKAMHU IIeTIOYKU
MIOCTABOK uepe3 00MauHbIi CepBUC U C MUHIMHU3AIHEH
WCIOJIb30BAaHUS CKIIAACKOM U JIOTUCTUYECKON HH(pa-
CTPYKTYpBI ONTOBBIX NOcpeaHuKoB [9]. Takas mudpo-
BH3alMs JJaeT BO3MOXHOCTh UCKITFOUUTh U3 LETIOYKU
MHOXECTBO HEHY>KHBIX TOCPEIHHKOB, Ha KOTOPBIX
ceituac mpuxonutcs 10 80% CTOMMOCTH OT PO3HHY-
HOU IIeHBI ToBapa. Takue cepBUCHI OyIyT AOCTYIHEL,
B TOM 4YHCIE, A MaJbIX XO3SUCTB, YTO TO3BOJUT
CYIIECTBEHHO MOBBICUTH 3()()EKTUBHOCTh OTpPACiIH U
CHU3UTh PUCKU JEATENBHOCTH JUI1 BCEX yYACTHHUKOB
LETOYKH (OPMUPOBAHUS TOOABICHHOW CTOMMOCTH:
MOCTABIIUKOB PECYPCOB, MOTpEOUTENEH POAYKIIHH U
TPAHCHOPTHBIX (BHPM.

IlenTpanbHOE 3BEHO B LU(POBU3ALUHN SKOHOMHU-
KM — IIUQpoBast TpaHCHOpMaUs NPEANPUITHS, KOTO-
past TpebyeT mepecMoTpa HJICOJOTHH U TEXHOJOTHH
yIpaBieHuss U ux opopMyIeHUs B BHUIE CTaHIApPTOB.
Haubonee nanbHOBUAHBIE JKCIEPTHI 00 3TOM YyKe
JaBHO mpenynpexparor. Tak, gupexrtop HMHctuty-
ta 3koHOMUKH PAH Jlenuyk E.b. cuutaet, uro Hago
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COCPEIOTOYNTHCS Ha NU(POBU3ALNN UMEHHO peajb-
HOTO CEKTOpa S3KOHOMHUKH, TI€ OHA JacT HauOOJIBIINI
sKoHOMHYeCKHH >¢dext [16]. BumHblii 3xoHOMHCT
Arees AWM. yTBepxkaaeT Takke, YTO, XOTS YPOBEHb
muQpoBu3ayy  OAHKOB, CBS3HM, T'OCYAAPCTBECHHBIX
ycayr OyheT BBIIIE, OJHAKO CTECNECHb BOBJICUECHHOCTU
HPOMBIIIJICHHOCTH SIBISCTCSI HHINKATOPOM U POBOI
3penocT Beel 3koHOMUKH [17]. s atoro Tpebyet-
Csl €IMHOE TOHATHHHOE T10JIe, CIUHOE CEMAHTHUECKOE
IPOCTPAHCTBO 3a CUCT CO3MAHUS CTAHIAPTOB U COOT-
BETCTBYIOIINX CHCTEM YIIPABJICHUS.

HITY u ucnonb3oBanue Texnonorut M1, ymuasx
KOHTPaKTOB, BXo/smux B bl 3HaHMi mmardopMbl Mo-
TYT B KOpHE U3MEHUTH cuTyaruio (puc. 3). CoBpeMeH-
HBIC MHCTPYMEHTHI MO3BOJISIOT IPO3PAYHBIM U KOp-
PEKTHBIM 00pa30M OIICHUTH M YUECTh BKJIAJ KaKIOTO
3BEHA IIETIOYKH B Ce0ECTOMMOCTH KOHEUHOTO IMPOTYKTa
¢ pukcanueit 0ObEKTUBHOTO BKJIA A K&KJOTO U3 HUX.

Cwmapr-
KOHTPaKT

Henomaenne
cMapT-
EOHTpaKTa

EBIITY, ETB.
KnaceHjHEATOPED

—

—| Emmnan widposas nuardopua ynpariexis sxoHoMugon ATTK |

TpoipoacTso
TIOCTABMHER | gy
pecypeos 8

Cemeror

Gorxa

E=

xoseficTeo

Tlepepa- ‘

Koseusdi
noTpeGHTaTL

—| Exnran widpoeas nnardopaa yOpasieHis Tormerikofi |-I

Pennannpopanne
CMAPT-KOHTPAKTa
(pi HeodxoauMOCT i)

Anamiz,

pacueTs v

Puc. 3. Cxema npocnexmBaeMocT npoaykummu npu
muTerpaumn LMY AMNK v LMY noructmnkm

Taxum ob6pazom, LITY mo3Bonser mpocienuTsb
BECh JKM3HEHHBIM IUKI NPOXYKIMH M aJEeKBaTHO
Y4ECTh BCE TPAH3AKLNH, SIBIIETCS OCHOBOM peanu3a-
[IMA YMHBIX KOHTPAaKTOB, CTAHOBHUTCS BBITOJHA BCEM
YYaCTHHKAM LEMOYKH, TO3BOJAS PABHOMEPHO pac-
MPENETUTh PUCKU MEXAY BCEMH YYaCTHHUKAMH, YTO
MPUBOIUT K CHIKEHUIO M3IEPKEK U BO3PACTaHHUIO
WHHOBAIlMOHHON BOCHPHHMYUBOCTH YYacCTHHKOB C
MOJIy4YEHHEM CYIIIECTBEHHOW 3KOHOMUYECKOW BBITOABI
OT TaKOU KooIleparuu.

5. HITY AIIK u 3a5a4m coxpaHeHHs IKOJIOTHH

Bonee monoBuHel ux 946 nmokasarenei KOHIIEII-
TyaJIbHOH MOJIENM pPAacTEHUEBOJICTBA, YKPYITHEHHAs
“H(pOpPMAIIMOHHAS CXeMa KOTOpOW Mpe[CTaBicHa Ha
pHcC. 2, UMEIOT OTHOIIIEHUE K DKOJIOTHH. Tak, B Tpyre
«3emis» — 291 nokazarens, B moarpynne «CeBoobo-
pot» — 30 nokazareneit. [lonrpymnmna «Y4acTok» rpymn-
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bl «Ilose» comepUT TMoKazaTenu: «3ampelaroiye
YCIIOBHSI UCTIOJNIB30BAaHUs 3eMEIBHOTO yyacTKay, «leo-
Mop(hosoruuecKkre XapakTepucTUK», «MelnopaTus-
Hasl XapaKTepUCTHKa», « pyHTOBBIE BOIBI», «3acoie-
Huey, «IlouBay, «Arpodusnueckas XapakKTepUCTHKA,
«T'ugpodusudeckas xapakrepucTuka», «CocTosHue
MOYBBI». AHAJIOTUYHO, B ioArpyny «Kynsrypa» (108
MoKa3areJseil) BXOAAT CleAyIone MoKa3aTeinu: « JKo-
Jloru4ecKas rpynmna copray, «llopaxaemocTs 6ones-
HSAMH 10 BUAaM Ooisie3Hel», «llopaxaeMocTh Bpeau-
TenaMu». HTerpanus 3KoJIOrHYecKiX mokasaresieil B
DCP AIC no3BosieT KOMIUIEKCHO pelIaTh YKOJIOTruie-
ckue npoOseMsl (puc. 4).

3a cueT KOMIUIEKCHOM HIKOJIOTHYECKOH OLIEHKH
3eMellb, BCETO MPOM3BOACTBEHHOIO Ipolecca C yde-
TOM MOCTYHAIOIIUX PECYPCOB U MPOAYKIMU Ha BBIXO-
ne, (GOpMHUPOBaHUS COOTBETCTBYIOLIMX YIpaBlIeHYE-
CKUX pellIeHUH, HallPpaBJIeHHbIX HA MPEAyNpexaAcHUE

MPOSIBIICHUS U MHUHUMHU3ALUIO TOCIEACTBUNA MPOSB-

JIEHU aHTPOIOTEHHBIX U MPUPOIHBIX (PAKTOPOB KO-

JIOTUYECKOW OMAaCHOCTU MOKHO 3HAYUTENBHO CHU3UTH

skosoruyeckyro onacHocTh B AIIK EADC.

B ynomsHyTtOoM BbINIE noknaae EBpasuiickoro
LIEHTpa MO MPOJOBOJILCTBEHHOM Oe3zomacHoCTH [2]
MpeIararoTcs CIeIyIOIue MEePhI I CHIDKEHHSI 9KO-
JIOTMYECKOW OoracHOCTH B EBpasuu, nepeximkaronme-
Csl C HAIIMMU TPEASIOKESHUSIMHU:

— TOBBILICHHE KOJMYECTBA M KAdeCTBa IMOYBEHHBIX
JaHHBIX W WHpOpMaUuu: cOOp NaHHBIX, aHAIU3,
MpOBEpKa, MpPEACTaBIeHUE, MOHUTOPUHT U HWHTE-
rpaiys ¢ ApyruMi JTUCHUIUTMHAMY;

— co3maHue enuHOil 0a3pl JaHHBIX mHouB EBpasumy,
MEPEeBOJl UCTOPUUYECKUX HMCTOYHHUKOB B IHU(PPOBOH
¢dopmar, pa3paboTka €IWHOW CHUCTEMBI MOHHUTO-
pHHIa IOYBEHHOTO MTOKPOBA, MPOBEICHUE KON 110
nuQpoBoi MOUYBEHHOI KapTorpaduu;

ATpoOMETEOPOIOTHA

Vpomait

TexHOTOTHUECKHE OnepallHH

Vnobperna u npenapaTsl

Bpennsie 00BeRTH

Kyaprype
Ilocesnr
l v Yy v v Y
3emma
VenosHo-nocToAHHAA HHGOPMAIIHA Iepemennas nHGOpMaIHA
KnaccrduxaTope HopmaTHEHO- IlepeHaHEIR MnaHoeble OnepaTHBHble
CIPAEOYHAR JOKYMEHTEL OaHHbie OaHHbIe
HH(OpMATHE
Bxoaasie dopMel BHISOTpAMM
= Bremogasie IIpoToxoast
Y CIOBHO-IOCTOEHHAR IMepemensas liJO a SLAEN
HHDOpPMALHE: mEbopManEE P TP
- cI0BapH BHOCOTpaMM
- COPAECYTHHEEH

Puc. 4. PeweHnsa akonormndeckmnx 3agad B eanHon LMY AMK
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— BHEJPEHHUE CTaHJAPTHBIX METOAOB aHAJIM30B U €1~
HUI] U3MEPEHHIA, TapMOHHU3ALIsI METOZOB MOHUTO-
puHra, 6a3 JaHHBIX U KapTrorpaduyecKux Marepu-
aJIoB.

3aKkjIoueHne

IlocTpoeHnne enuHONW CHCTEMBI  YIIpaBICHUS
MPOU3BOJICTBOM W JOCTAaBKM MNPOAYKIHMU Ha OCHOBE
MpUHIMIIOB, pa3paboranHbix At LIITY AIIK EADC,
MO3BOJINT CHU3UTHh CE0ECTOMMOCTh IPOU3BOANMON
MIPOAYKLIMHU U KOHEUHYIO 1IeHY, KOTOPYIO OyAeT Oruiadu-
BaThb MOTPEOUTENb IPH OAHOBPEMEHHOM 3HAYUTEIbHOM
CHIDKEHUH 3KOJIOTUYECKON OMAaCHOCTH B COZIPYKECTBE.
Buenpenue LIIY Ttakxke o0ecneydT KOMIUIEKCHYIO
SKOJIOTMYECKYIO OLIEHKY 3€MEJb, SKOJIOIMYECKUH MO-
HUTOPUHI MX, BCETO IPOW3BOJICTBEHHOIO Ipolecca
C YYETOM MOCTYIAIOIINX PECYpCOB M MPOAYKLIHH Ha
BBIXOJIE, 1aCT BO3MOXHOCTb (JOPMHUPOBAHUSI COOTBET-
CTBYIOLLIUX YIPABIECHUECKUX PEIICHUN, HAIPaBICHHBIX
Ha MpeAynpeKaAeHUe IPOSBICHU 1 MUHUMH3ALIUIO M0~
CJICICTBHIA TIPOSIBICHUSI aHTPOIIOTEHHBIX U MPUPOAHBIX
(haKTOPOB HKOJIOTHYECKOHN OTIACHOCTH.

HITY mpenocrasiser uudpoBOil HMHCTPYMEHT
MPOCIIEKUBAEMOCTH MPOAYKIIMH, BAXKHOE YCIIOBUE
pE3YIBTaTUBHOTO MPUMEHEHUS KOTOPOrO — YHHU(H-
Kallusi, OCHOBaHHAasl Ha €AMHBIX HU(PPOBBIX CTaHIAP-
tax. [lepBblii cCTaHOApT OTpakaeT CTPYKTYPY H CBSI3U
MOOTIEPAIMOHHON MEPBUYHON Y4eTHOWH WH(pOpMaLUn
BCEX MpennpusaTuil. Bropoil — emuHyro ams Bcex
MPEANPUATUI HEKOTOPOM OTPACIM CTPYKTYpYy M CBSI-
34 TeXHoJoruueckoit nudopmarmu. Tpetuit cTanmapt
OTpa)aeT OINHMCAHHWE AITOPUTMOB YIPABIECHUYECKUX
3ana4 (6a3a 3HAaHUMN), SAUHBIX JUIS BCEX MpeRNpUsATUit
OIlpeieIeHHON oTpaciu. OTH HU(POBBIC CTaHIAPTHI
JIOJKHBI OBITh MHTETPUPOBAHBI KaK MEXKAY co00ii, Tak
U C COOTBETCTBYIOIIMMH KiacCH(UKaTOpaMmu, cIpa-
BOYHHUKAMH, CIOBApSMU. TOJIBKO NMPHU TAKOM MOIXOJE
MOXXHO 00€CHeYUTh CTPYKTYPHUPHU3ALUIO U 3alaHHBIN
YPOBEHb HAICKHOCTH HEOOXOMMOT0 00beMa JaHHBIX
i 3GPEeKTHBHOTO MPUMEHEHUsl TexHonoruit N un
obecnieynTh MH(POPMAIMOHHYIO COBMECTHUMOCTH IIO
BCEU JIOTUCTUYECKON LENOYKE IEPEMEIEHU TOBa-
POB U HPOAYKUMH C BO3MOXKHOCTBIO IMOCTOSHHOTO
KOHTPOJIS 3a MaTepUAIBbHBIMU MMOTOKAMU B PEATBHOM
MaciTabe BpeMeHU.
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Conditions for the effective application of artificial intelligence technologies in the agro-industrial
complex of the EAEU

V.I. Budzko, V.I. Medennikov

Federal Research Center “Computer Science and Control” of Russian Academy of
Sciences, Moscow, Russia

Abstract. The solutions for reducing the environmental hazard in agriculture of the EAEU agro-industrial space
formating are considered. The mechanism for such space formatting is proposed. It allows resolving the emerging
geopolitical, economic, social, and environmental problems. This is a single digital management platform, which
includes the possibility of cloud building based on mathematical and ontological modeling, common digital
standards (the structure of the subplatform for collecting, storing and integrating operational primary accounting
information of all participants in a single database; the structure of the subplatform for technological accounting;
the structure of the subplatform of data processing algorithms of the first two subplatforms for the purpose of
production management). The use of artificial intelligence technologies will bring the greatest effect and will
ensure maximum cross-industry traceability of products and the negative impact of natural and anthropogenic
environmental hazards on the environment, on the products of the agro-industrial complex and on the person
himself will be minimized.

Keywords: artificial intelligence, environmental issues, agro-industrial complex, EAEU, digital standards,
product traceability.
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KoMNbIOTEPHBLIN AaHAJIN3 TEKCTOB

MeToabl nasnevyeHms momeanumMHcKon nHpopmaumum
M3 NaTeHTOB M Hay4HbIX NyOUKaunn
(Ha npumMmepe XMMn4YeCcKnx coeanHeHnn)

H.A. Kommakos!, A.U. Monomgueakos™™, A .B. JIykua™

' MockoBCkuin PUINKO-TEXHNYECKNIA MHCTUTYT, T. MockBa, Poccus
" depepanbHoe rocynapcTeeHHoe ydpexaeHne «PegepasbHblil MccnenosaTesb-
CKUI LeHTp «MHbopmaTnka n ynpasneHne» Poccuiickon akagemum Hayk», r. Mo-

ckBa, Poccus

"Poccuiicknii yHMBepcuTeT Apyx6bl Hapopos, r. Mocksa, Poccus

AHHOTauusa. B paHHOI cTatbe NpenoxeH anroputM Os pelleHns 3aJaquv U3BneveHus MHbopmaumm
13 BUOMEMUMHCKMX NAaTEHTOB U Hay4HbIX NyBavkaumii. MNpennoxeHHbIi anropuTM OCHOBaH Ha MeToaax
MaLUMHHOrO 00y4eHus. Bbinv npoBeaeHbl aKCnepuMeHTbl Ha nateHTax u3 6assl USPTO. 3kcnepMeHTbl

nokasasnm, 4To fydllee KayeCTBO U3BNEYEeHUs Nokasana Moaenb, NOCTPOeHHasa Ha ocHose BioBERT.

KnioueBble cnoBa: maluvHHoe obydeHne, ob6paboTka eCTeCTBEHHOro S3blka, U3BJIeYEHUE VMEHOBaH-
HbIX CyLLHOCTeW, 06paboTka GMOMEANLIMHCKUX TEKCTOB.

DOI: 10.14357/20790279230118

BBenenune

C KaxIpIM TOJIOM YHUCIO OMOMEIWIMHCKUX Ta-
TEHTOB M HAay4HBIX MyOJIMKalli 3HAYUTENBHO yBEJH-
YyUBaeTCA. 3a4acTyI0 3TH TEKCThI HE COZIEpKaT KaKUe-TO
ornucarelibHble METaJaHHbIe, a 9TO, B CBOIO Ouyepelp,
MPUBOAUT K OOJBLIOMY OOBEMY HECTPYKTYPHUPOBaH-
HBIX JaHHBIX. Clle10BaTeIbHO, YBETUUUBAETCS OTped-
HOCTh B MHCTPYMEHTaX, KOTOPbIe Obl MOIJIM TOYHO H3-
BJIEKaTh TpeOyeMyIo HH()OPMALIUIO U3 TaKHX TEKCTOB.

Jna u3Biedenus MHPOpPMAIUN U3 TEKCTOB IS
JanbpHeien e€ 00paboTKU MOXKHO MCTIOIh30BaTh KaK
MOJIXOAbl MAIIMHHOTO OOy4YeHUs], TaK U aJTOPUTMBI,
OCHOBaHHBIE Ha PEryJISIPHBIX BbIpaxkeHUsX. B paborax
[1, 2] xiIOYEBYIO POJb UTPAIOT PETYISAPHBIE BBIPAXKeE-
HUS, U, HAIPOTUB, B [3, 4] UCHIONB3YIOTCS JOCTUKEHUS
00J1acTH TITyOOKOTr0 MallMHHOTO 00y4YeHHsI, B YaCTHO-
CTH MOJETb YCJOBHBIX CIy4alHBIX Mmojei. A B [5]
WCHOJIB3YyeTCsl HelpoceTreBas MoJenb-TpaHchopmep,
KOTOpasi Npu NPaBUIBLHOM HACTPOWKE MapaMeTpoB
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MOXET IOCTaTOUYHO HEIUIOXO U3BIEKATh OMOMEAUIUH-
CKUX JIaHHBIC.

Xortsl, OBUIM CO3aHBI UHCTPYMEHTHI 7S aHAIIN3a
U B3aUMOJEHCTBUS C HECTPYKTYpPUPOBAaHHBIMU JIaHHbI-
MH, 3a4acTyi0 3TU pELICHHS OCHOBaHbl Ha IPABUIIAX,
KOTOpbIE IPUMEHHUMBI K KOHKPETHBIM 00pabaThIBaeMbIM
JaHHBIM. B 370l paboTe MBI npeyiaraeM peuieHue s
3a/1a41 M3BJIEYEHUsT OMOMEUIIMHCKOM MH(pOpMAaIMU U3
MIAaTEHTOB C IIOMOIIBIO PErYISIPHBIX BhIpaKeHHUH. TakiM
00pazoM, MONy4YeHHasl CTPYKTypHpOBaHHas HH(opMa-
IUS1 MOXKET OBITH UCIIONIB30BaHA IS 00yUEHHS CIIOKHBIX
HEHpPOCETEBBIX MOZIENIEH, KOTOPBIE MO3BOJISIT KOPPEKTHO
U3BJIEKaTh MH(POPMALIUIO U3 OOMBIIETO YHCTIa TEKCTOB.

1. O030p peseBaHTHBIX padoT
CYH_ICCTByeT HE TaK MHOIO peLHCHI/IP'I, KOTOpbIC

pelmar0oT IMOCTABJICHHYIO 3aJavy. 3a‘~IaCTy'IO, cyuie-
CTBYIOIIINE aJITOPHUTMBbI pa3pa60TaHbI AJI1 pCHICHUA
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OOJBLIOTO CIEKTPa 3a1a4, OATOMY OHHM MOKa3bIBAIOT
HEJIOCTaTOYHO BBICOKME PE3YyNbTaThl Ui 3afadd W3-
BJICYEHHS ONpeAeNeHUN U3 OMOMEAULIMHCKUX IMaTeH-
TOB U Hay4YHBIX MMyOIUKaLni.

Hanpumep, Jinhyuk Lee u ero xosneru npencra-
Bwin BioBERT (Bidirectional Encoder Representa-
tions from Transformers for Biomedical Text Mining)
[5] — =eiipocereBylo Mozenb-TpaHcdopmep [6], pas-
paboTaHHyIO AJs1 aBTOMAaTHYECKOM 0OpaOOTKH S3bIKa
OMOMEIUIIMHCKON 00acTH, KOTOpas NpenBapUTEIbHO
oOydeHa Ha OOJBIIMX OMOMEIUIIMHCKUX TeKcTax. JlaH-
Hasi MOJENb CIOCOOHA H3BIEKaTh OHOMEIULIMHCKHE
MMEHOBAHHBIE CYHIHOCTH, OMOMEAUIIMHCKUE OTHOLIE-
HUS B TEKCTE, a TAK)KE MOXKET BbIIaBaTh OTBETHI Ha OHO-
MenunuHckue Bonpockl. BioBERT unuimanusupyercs
CO 3HAYEHUSIMH BECOBBIX (PYHKIMH, KOTOpbIE ObLIX TO-
ny4ensl ais1 BERT [7] (manHast Moaesnb npeaBapuTesib-
HO oOy4eHa Ha TeKCTax W3 aHMIMKCKoN Bukumnenuu n
BooksCorpus), nocie yero BioBERT Ob11 1000y4eH Ha
OMOMEIMIIHCKUX TEKCTaxX (CIoa BXOAST aHHOTALUH C
PubMed u nonnotekctoBeie cratbu PMC).

B crarbe [3] mpencraBiieH Opyrod mouxon Iuis
pemienust 3amady NLP w3 oGmacté OMOMETUITUHBI.
CLAMP (Clinical Language Annotation, Modeling,
and Processing) s u3Bie4YeHUsT MHPOPMAIUH HC-
MOJIb3yeT KaK METO/Abl, OCHOBaHHbIE Ha MAIIMHHOM
00y4eHHH, TaK U METOJIbl, OCHOBAaHHBIE HA MPaBUJIaX.
JaHHBI HHCTpYMEHTapuil MO3BOJISET U3BJIEKATh UMe-
HOBaHHBIE CYIIHOCTH, pa30MBaTh TEKCT Ha TOKEHBI, U
MHOTOE Jpyroe. B cBoeli mporpamme aBTOPBI UCTIOJNb-
3yIOT 3 THIIa TOKEHU3aTOPOB (Ha BBHIOOD):

1) OpenNLP Toxenuzatop [8] Ha 0CHOBE MAITUHHOTO
o0Oy4eHus,

2) TOKEHH3aTOp Ha OCHOBE pasJeNieHHs CJIOB IO 3a-
JAHHBIM CHMBOJIaM,

3) TOKeHM3aTOp Ha OCHOBE MIPABUJI C Pa3IMYHBIMHU Ia-
paMeTpamMu KOH(HUTypaLu.

A U1 331a4M U3BJICUEHHUS] UMEHOBAHHBIX CYIII-
HOCTEW aBTOPHI MPEJIararoT UCIOIb30BaTh:

1) anropuT™ YCJIOBHBIX CilydaiiHbIX mosed (condi-
tional random fields — CRF) [9],

2) aJropuTM Ha OCHOBE CJIOBaps C OOJNBIIUM KOJIHUYe-
CTBOM OMOMEIUIIMHCKOM JIEKCUKH, COOpaHHOH u3
pa3HbIX pecypcoB, Takux kak UMLS,

3) anropuTM Ha OCHOBE PETYJISIPHBIX BBIPAXKCHUHN IS
00BEKTOB C OOIUMH IAOIOHAMH.

OSCAR4 (Open-Source Chemistry Analysis
Routines) [2] — 3T0 OoTKpBITas cuctema IJjisl aBTOMa-
TUYECKOTO H3BIICYCHUS] XUMHUYECKHX TEPMHHOB W3
Hay4yHBIX CTaTe. B ocHOBe maHHON pabOTHI JEKHUT
pacrno3HaBaHHEe XMMUYECKUX BEIIECTB HA OCHOBE pe-
TYJISIPHBIX BBIPAKEHUH M paclio3HaBaHWE HA OCHOBE
cJIoBaps 3apaHee 3aJaHHbIX clioB. Ho st pacmosHa-
BaHUsI CIOXHBIX XUMHUYECKUX COCNUHEHHN (KOTOpbIe
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COCTOST M3 HECKOJIbKUX TOKEHOB) — HCIIONB3yETCs MO-
Jesb MapkoBa MakCUMaTbHOM SHTPOTIHH.

Emé, ects pabora [1], rae aBTOpHI HCIONB3Y-
10T MOP(OJIOTHIO Il U3BJICUCHUS OMOMETUIIMHCKUX
cioB. CucteMa pacrio3HaBaHUS XUMHUYECKUX OOBEK-
TOB COCTOUT M3 ABYX mojcucteM. llepBas u3Biekaer
XUMHYECKHE OOBEKTHI M MOMEYAET WX B HOPMAJIH30-
BaHHOM BXOJTHOM JIOKyMEHTE C MCIIOJIb30BaHHEM CJIO-
Baps 3apaHee 3aJaHHBIX CIOB U MOP(HOIOTHIECKOro
noaxona. OCHOBaHHBINA Ha MOP(OJIOTHH MOXO U/ICH-
TUQUIIPYET PA3INIHBIE YIIEMEHTHI B XUMHYECKOM CO-
eIMHEHNH U OOBEMHSET UX JUIS CO3IaHUs KOHEYHOTO
COCMHEHHS.

Bropas nmoacuctema — u3BICKAET JOHNONTHUTETb-
HbIC XHUMHYECKHE OIIEMEHTHI M pachpeselisieT Bce
pacro3HaHHBIE OOBEKTHI IO KjlaccaM COEAWHEHHH, a
TaK)Ke MMEET TaKhe BO3MOXKHOCTH KakK pacimdpoB-
Ka abOpeBMaTyp W HCHpaBicHHE OpdorpapuIecKux
omuboK. Jlnst TOoro, 4TOOBI ONMPENEIHUTD SBISACTCS U
omnpezieNi€éHHasl CYIIHOCTh ‘‘XUMHUYECKOW’, aBTOPBI
coOpany CTaTUCTUYECKYI0 HH(GOpMAIHMIO IS KaXkK-
JIOTO YHUKaJbHOTO 0OBekTa. JlaHHas WHQOpMAIIUIO
UCTIONB3YeTCs KaK MOCIICAHUN dTal U3BJICYCHUS UMe-
HOBaHHBIX CYIIHOCTESH WM MpenHa3Ha4deH NI KiaccH-
(uKanny U3BICUCHHOTO 00beKTa (JIM00 OOBEKT SIBIISI-
€TCSl XUMHUUYECKHUM, JTHOO HET).

[IpuBenéunble METONMBI H3BJICKAaOT HH(MOpMa-
U0 U3 OMOMEINIIMHCKNX TEKCTOB B IEJIOM — OHH HE
HaIlpaBJICHbI Ha U3BJlIeYeHHE CTPYKTYp Mapkymra [10]
(cm. Puc. 1).

K]

Puc. 1. Npumep cTpykTypbl Mapkywia, B3aT us US
Patent 20040171623

2. IlocTaHoBKA 3a1a4H

Jannble, Kacarouigecs pa3iu4yHbIX OHOMenu-
LIMHCKUX NATEHTOB, HAXOJSATCS B OTKPBITOM JOCTYIIE B
pa3IMYHBIX MATEHTHBIX BeoMCTBax. [laTeHThl 0ObIY-
HO HUMEIOT YETKYI0 CTPYKTYpY, KOTOpas BKJIIOYAaeT B
ce0s: Ha3BaHUE MATeHTa, aHHOTALMIO, OIIKCcaHue, (hop-
mysbl u300perenus (Claims) u Oubauorpadudeckyro
uH(popMaluIo (1aTa, HOMEp MaTeHTa, aBTOPHI).
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MeToabl n3BneYeHns GUOMeaNLMHCKON HPOPMALMM N3 NATEHTOB M HAy4HbIX NyGnnkaumii (Ha NPUMepPe XMMUYECKUX COEAMHEHNIA)

Wnrepecyroumii Hac pazgen — Claims (cMm. Puc.
2), COAEPKUT OINUCAHME XUMHUYECKUX COEIWHEHMH,
KOTOpBIE 3asBIIEHBl aBTopamMH mareHTa. Ha 3To Kak
pa3 HampaBJieHa IIpaBoOBasl OXpaHa, [peJocTaBisieMas
nateHToM. Paznen Claims MoxeT conepkarb BHYTpU
ce0s1 HECKOJIBKO MOJpa3/iesioB, KOTOPbIE COepKaT UH-
(hopmanuio 1Mo pa3HbIM XUMHUYECKUM LEMOYKaM.

Claims

1. A compound of Formula (1]

[MOL] [COX]
wherein
RlisHor F;
RZisBrorl;
R“4isH, F, Cl, or Br;

represents a double or single bond,;
X and Y are independently selected from

Puc. 2. lNpumep AaHHbIX, COAEPXaLWNXCa B pasnene
Claims, B3aT n3 US Patent 20120208859

CoenvHeHus, TpPEACTAaBICHHbIE B  pasiene
Claims, MOTYyT OBITh OITUCAHBI C IOMOIIBIO CTPYKTYPbI
Mapkymra [10] (em. Puc. 1). dns toro, 4toObl HaiiTH
MATEeHTHI, Y KOTOPBIX CTPyKTypa Mapkya 1u6o Takas
xe, TM00 CX0XkKasi, — HY’)KHO CPaBHUTb 3TH CTPYKTYPBHIL.
Tak xak cTpykTypa Mapkymia — cereBas MOAEJb, TO
CpaBHEHHE HANPAMYIO TaKUX MOZEJe — 04eHb pecyp-
coéMmkui nporecc. [ToaToMy, 3a4acTyr0 UCHOIB3YOT
TaKk Ha3biBaeMble fingerprints, KOTOpble OTpakaloT B
cebe MH(OPMALUIO, MPENCTABICHHYI0 B CTPYKTYypax
Mapkymia. Ho nepea 5TUM HY>KHO U3BIIeUb HHPOpMa-
LUIO, KOTOpasi BXOAUT B TaKue CTPYKTYpbl, Ha YTO U
HanpaBlIeHa JaHHas paboTa.

Tab6n. 1.
Mpumepbl XMMNYECKNX COEANHEHNN

HasBaHue coepguHeHus

MonekynsapHaa ¢opmyna

nitrogen monoxide NO
glucose CH,.0,
copper (ll) sulfate CuSO,

carbon dioxide CO

2

CL,0

dichlorine heptoxide

3amaya COCTOUT B U3BJIeUeHHUH 13 pasznena Claims
xuMHuuyeckux coequHenuit (Tabn. 1), HazBaHuil mepe-
MEHHBIX (BMECTO KOTOPBIX MOTYT OBITh MOJCTABICHBI
pas3IuYHbIC 3HAYCHUS ), XUMUYECKHX DJIEMEHTOB, (hop-
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mya u InChl xozmos [11] (Puc. 3) ¢ nensio nmpeodpazo-
BaHMS JTAHHOW TEKCTOBOM MH(OpPMALINU B HEKOTOPYIO
CTPYKTYPY (hopMasbHOTO TPEICTABICHNS.

8] (8]
/
/f HaC—N
HN Y

InChil= 1 SCHINOC2-1-3h1H{HZ. 2,3)
ZHNUHDYFZIUAESO-UHFFFACYSA-N
IRCRIECHINGRE2-1-AMH{H2,.2 3Ah2H2
ZHNUHDYFIUAESO-RZDOGIFANA-N

InChI= 1S CHINGZ -2 M IHE

LY GJENNIWIXYER-UHFFFADYSA-N
InChI=TCHINO2I1-2{3)am1 M3
LYGJENNW IYER-UHFFFACYMA-N

o o
M=/ HiC—N_
o

InChil=1SCHMNO 2131 H{H2.2,3)
ZHNUHDYFZUAESO-UHFFFAQYSA-N
IRCRECHINOEZ-1-3M1H{H2,2, 3)m2H2
ZHNUHDYFIUAESO-REDOGIFANA-N

WCHIZ 1 SICHINO21-H AWM THI
LY GJENNMY LOYER-UHFFFADY Sl-N

IRChIETCHIND2e1-2(3HMTHI
LY GJENNNMY JXYER-UHFFFADYNA-N

Puc. 3. Mpumepsbl INChl kopos [11]
B TeopeTnko-MHOXKECTBEHHON aHHOTALMM 3a7a-

9y MOXHO C(HOPMYIHPOBATH CIEAYIOMIUM 00pa3oM:
HMEFOTCS ITATCHTHI ¥ HAyYHBIC [Ty OJTUKAH X, TIe Kax-

JIbIH DJIEMEHT X € X MPEJICTABJIEH B BUJE X = X, ... , X,
(x5 - », X, — MOCJIEOBATENBHOCTD CIIOB (TOKeHOB))
¥ 33]1aHO0 MHOXKECTBO KIIacCOB ¥ = (¥, ... , ), TH€:

», —Homep Claim,
¥, — NEPEMEHHas!, K KOTOPOH MILEM ONMCAHHE,
V, — ONIUCAHKE IEPEMEHHOH,
», — ccbika Ha apyroi Claim,
Vs — B CIly4asiX, €CIIH TOKEH HE COOTBETCTBYET Y, .. , V.
Heo0xoaumMo mocTpouth oTobpakenue F, xoro-
poe OBI COITOCTABIISIIO KAXKAOMY DIEMEHTY X € X — co-
OTBETCTBYIOLIUI 3JIEMEHT y € Y.
3amaya u3BIE€UEHUS HWHPOPMALMU M3 TEKCTa
MPECTaBIsAET cOO0M MOUCK U KiIacCU(UKALIUIO Me-
HoBaHHbIX cymHocTed (Named Entity Recognition),
HMEIOIINXCS B HECTPYKTYPUPOBAaHHOM TEKCTE, II0
3apaHee 3alaHHBIM KaTeropusM. VIMeHOBaHHasl Cylll-
HOCTb — N-TpaMMa B TeKCTe, JIIsl KOTOPO ompeienena
Kateropus (Kjacc, MeTKa).

3. Onucanue MeToaa

ANTOpUTM U3BIEYEHHS HH(POPMALIUU U3 TEKCTOB
MOXHO Pa30UTh Ha CICAYIOIIUE [IIATH:
1) cocraBnenune HabOpa JaHHBIX,
2) npexasaputenabHas 00pab0TKa BXOAHBIX JaHHBIX,
3) BeKTOpH3aLUs AAHHBIX U U3BJICYCHHE NTPU3HAKOB,
4) oOydeHre MOJIENe JIsl U3BJICUCHUS HEOOXOMMOMN

uH(POPMAaLIUU U3 TEKCTOB.

CocraBienue Habopa JaHHBIX BKJIIOYAET TaKkKe

BKJIIOYAET B ce0sl aBTOMaTU3UPOBAHHYIO Pa3METKY TO-
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KeHOB. B mpeaBaputensHyto 00paboTKy NTaHHBIX BXO-
JUT HOpMAaJIM3alus 1 TOKEHU3alus BXOJHBIX JTaHHBIX.
Cxema anropuTma npuBefieHa Ha Puc. 4.

| ——

=

Puc. 4. Cxema npennoXXeHHoro anropnTtMma masiede-
HUS HbOPMaLnM N3 TEKCTOB

3.1. CocTtaBneHue HaGopa AaHHbIX

JanHble, ¢ KOTOPBIMU MBI paboTaiiu, B3STHI U3
6a3st USPTO [12]. Bce nanHble M3Ha4allbHO Ipen-
ctaBneHsl B XML (aiinax, kKoTopsle cogepxar CTpyK-
TYPUPOBAHHYIO HHPOPMAIIUIO O NMaTeHTaX: OMUCAHUE,
aHHOTalMIo, oubnuorpaduueckue ganueie u Claims.
Juis pazpabotku aaropurma u3 (aiiaos 6epercs Tosb-
ko paszen Claims.

3.2. NpeaBaputenbHas o0paboTKa AaHHbIX

[lepBbiM 3TamomM 00paOOTKM AAHHBIX SBISET-
Cs M3BJICUCHHE W3 UMEIOIIMXCA AAHHBIX — pasaena
Claims. Tak Kak Takue JaHHBIC HMEIOT CX0Kee 0hopM-
JIEHHE, TO U3BJICUEHHE BBITIOIHIIOTCA C TOMOILBIO pe-
TYJIPHBIX BBIpaKeHUH.

ITocne m3pneuenust Claims — He0OXoIUMO MO~
TOTOBUTH JITaHHBIE [ anbHeiel padoTel. st aTo-
'O BBIMIOJHSETCA CIIEAYIONasi HOpMalIU3alus CTPOK:
1) Ymanstorcs aumrHue mpoOenbl B Havyalle U KOHIE

CTPOK.

2) IlycTbie CTPOKH TOXe YAasIOTCS.

3) Kaxnaple cTpoku pazOuBaroTca TakuMm 00pas3om,
YTOOBI B HUX COAEPKAJIOCh TOJIBKO OJHO OMUCAHHE
NepeMEHHBIX. DTO BBIMOJIHIECTCA C MOMOILBIO T10-
UCKa B KaXJIOM CTPOKE CIEYIOLIEH KOHCTPYKINU:

. variables ... definition_verb ... definitions ...

definition_end _symbol. Tlpu 3TOM, y4yuTHIBaeTcs
CUTyalMd, KOTJa Ha 3TOH ke CTPOKE MOXKET OBbITH
MPUBEJCHO OMUCAHHUE BIOXKEHHBIX MEPEMEHHBIX.
Hanpuwmep, “Z is OR3, wherein R3 is C1-C6 al-
kyl”. B s3ToM ciy4ae cTpoka He pa3duBaeTcs.

4) Ecnmu B cTpoke He BCTpeTwics definition _end
symbol, TO CTpOKM OOBEAMHSIOTCS N0 TeX MOop,
MIOKa HEe HaWJIeTCsl HYKHbIM CHMBOII.

5) Ecnu crpoka siBisercs HauanbHO# aist Claim, HO
HoMmepa Claim yka3zaHbl uepe3 TUpe, TO OCeIyI0-
1ee CoAePKUMOE KOMUPYETCS TSl KaKJ0ro HoMe-
pa Claim u3 yka3aHHOIO IIPOMEXKYTKA.
3areM TONY4YEHHbIE CTPOKUM TPYHIHPYIOTCS

mo Claim. Bce omnucanHble BbIlIe IEHCTBHS 110

HOpMAaJIM3alldd  CTPOK, TOXE  BBINOJHAIOTCA €

MIOMOIIIBIO PETYISAPHBIX BBIPAKCHUH.

IIpuMeHeHne HopMaIU3alruy MO3BOJIUT 00YUHUTh
MOJIENIb Ha HEOOJBIION BHIOOpKE Oosee KauyeCTBEH-
HO, a TaK)Ke MOBBICUT €€ TOYHOCTh. A TPYNIIUPOBKA U
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pa3OueHne CTPOK yIPOCTAT HOCIEAYIOILYIO Pa3METKY

JTAaHHBIX.

CrenyromuM 3TarnoM SIBIISIeTCS IPUCBOCHUE Ka-
KIOMY TOKEHY METKH U3 BO3MOXKHBIX:

* CLAIM — Homep Claim,

* VAR - nepeMeHHas, K KOTOPOH HUILEM OIUCAHUE;
ONMCAaHUE K OTOM IEPEMEHHOM IIOACTaBIAeTCA
TOJIBKO K MOCTIETHEMY MECTY, I/Ie OHA OBbLIa YIIOMSI-
HyTa J0 BCTPEYU 3TOH caMOM NEpeMEHHOH,

* VAR-ALL — nepemeHHasi, K KOTOpOI HUIIEM ONUCa-
HUE; ONKMCaHUE K 3TOM MepeMeHHON MOACTaBIIAET-
Cs1 BO BCE MECTA, I7Ie OHA ObIIa YIIOMSHYTa,

» DEF — onucaHue nepeMeHHOM,

* REF — cchika Ha apyroit Claim,

* O — B caydae, ecly TOKCHY HE IPUCBOEHA HU OJTHA
U3 BBIIIETICPEUNCIICHHBIX METOK.

ITpucBoeHrEe TOKCHaM COOTBETCTBYIOIIEH METKH
BBITIOJIHSIETCSL C MOMOLIbIO cpenctB pasmerku OUIL]
WY PAH. Pesynbratom paboOTBI 3THX CPEACTB SBIS-
I0TCS TaHHBIE, COZIEPXKAINE TOKEH, €r0 METKY, HOMep
CTPOKH, TI¢ OH OBUI HalJeH M YHHKaJbHBIH HOMEp
Claim.

3.3. BekTopusauus AaHHbIX U U3BNIeYEHUE

NPU3HaKOB

Tak kak He Bce MOAENH KiIaccu(UKallK B Kaye-
CTBE BXOJHBIX JAHHBIX NMPUHUMAIOT CTPOKOBbIE 3HA-
YeHHs JAaHHBIX, TO HEOOXOAUMO BEKTOPHU30BaTh TaKue
npu3Haku. K HUM OTHOCATCS TOKEHBI U COOTBETCTBY-
IOIHUE METKU.

Ecnu xax 10l yHUKaIbHOW METKE COMOCTAaBIsAET-
Cs1 YHCIIO0, TO C TOKEHAMHU €10 00CTOUT COBCEM HHAYE.
1 KaXII0ro TOKEHa CTPOUTCS BEKTOP Pa3MEpHOCTU
100 ¢ momomibio monenu Word2Vec [13, 14] mus mo-
Jy4eHHs BEKTOPHBIX MPEACTABICHUH CJIOB €CTECTBEH-
HOTO f3bIKA.

Word2Vec 6bi1a o0yueHa Ha coOpaHHOM Habope
nanHbIX. O0yuenue npoucxoauio 10 3mox, ¢ pa3me-
POM CKOJIB3SIILIET0 OKHA PABHBIM 8.

UroObl B nanbHeleM 00y4YUTh MOJIENIb MaIlIiH-
HOTO 00yueHHs — HeOOXOAUMO OObEAUHUTH TOKEHBI B
CIIMCKHM Ha OCHOBe mpuHaexHocty k Claims, a 3a-
TeM MOJAaTh 3TH cHMCKU Ha Bxog Word2Vec. Pesyib-
TaToM paboThl Takoil Mojenu OyneT cONocTaBICHHE
KaXXI0MY TOKEHY €r0 BEKTOPHOT'O MPEICTABICHUSI.

Hexoropble anropuTMbl MAaIIMHHOTO 00yuYe-
HUs, HanpuMep ocHoBaHHbIe Ha Conditional Random
Fields, OynyT myume paboTaTh ¢ IpU3HAKaMH, COAEP-
KalTUMU HHGOPMAIIHIO O COCETHUX TOKEHAX, OTHOCH-
TEJIHO pacCMaTpHBaeMOro.

[Toatomy, emé ogHUM cIocoOOM MpeCTaBIeHUS
JAHHBIX, TTOJ]ABAEMBIX Ha BXOJ TAKUM MOJETISM, — 5IB-
JSIETCS COTIOCTABIEHUE KAXKIOMY TOKEHY Habopa npu-
3HAKOB. DTUMU MPU3HAKAMH ABJISIOTCS:

* CcaMH TOKEHBI,
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* mociegHue 2—3 CUMBOJIA TOKEHa,
* (hyar, HAYUHACTCS JIM TOKCH C 3aI1aBHOW OYKBEI,
*  (hiar, SIBISIETCS JIM TOKEH YHCIIOM,
* (pmar, conep>KUT JIM TOKEH TOJIBKO 3aIriiaBHbIE OyKBBI,
* wuH(popMaIKsd 0 COCEIHUX TOKEHaX (COCEOHHUU TO-
KeH ¥ 3 ¢rara, Kak B IPeIbIIyLIINX TYHKTaX).

3.4. OOyyeHue mopenei

B kauectBe MeTOmOB Kiaccu(UKaLUU, KOTOpPbIE
Obl Ha OCHOBE pPa3MEUYEHHbBIX U BEKTOPU30BaHHBIX J1aH-
HBIX MPHUCBauBajK Obl paHee HEU3BECTHBIM JIaHHBIM
METKH, — HCIIOJIb30BAIUCH KaK CTaHIAPTHBIE METOIbI
MamuHHOTO 00y4enus (Support Vector Machine [15],
Conditional Random Fields [9]), Tak u Mmogenu ry6o-
xoro oOyuenus (Stanford NER [16], BERT [7], BioB-
ERT [5]), koTopble yxe 3apaHee npefoOydeHbl.

Joobyuenne BioBERT, BERT u Stanford NER
MIPOM3BOAMIIOCH Ha JJAHHBIX, MOyYEHHBIX B ITyHKTE 3.2
— TokeHax, MeTkax 1 Homepax Claims. /[t BioBERT u
BERT, 4T00BI HE MPOUCXOAMIIO TIEpeOOyUCHHE, YHCIIO
3mox ObLIO BEIOpaHo paBHBIM 5 (cM Puc. 5 u Puc. 6).

Merton onopHbIx BekTOpoB (SVM) oOyuaics c
HyJIsl HA BEKTOPU30BAHHBIX JAaHHBIX, @ METOJ] yCJIOB-
HbIX ci1y4aiinbix moneit (CRF) — Ha gaHHBIX, TOTy4eH-
HBIX B MyHKTE 3.3.

0,4 - e training loss
validation loss

0,35 -
0,3 -
0,25 -
0,2 4
0,15 -
0,1 4
0,05

0 T T T

3
Epoch

Puc. 5. 'paduk Epoch vs Loss onsa mogenn

BioBERT.

e training loss
validation loss
0,3

0,25 -

0,15 -
0,1 4

0,05 -

0 T T T 1

w

3
Epoch

Puc. 6. N'paduk Epoch vs Loss ona mogenn BERT.
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4. Pe3y1bTaThl 3KCNIEPUMEHTOB
B pamkax manHON paOOTHI ObIIa IPOBECHA CEPHUS

SKCIIEPUMEHTOB JIJISl PEIICHUs TIOCTABJICHHOM 3a/1a4n

knaccuukanuu.  DKCIEPUMEHTHI  MPOBOJMIUCH

Ha 100 mokymenrax c¢ Oomee wem 1700 Claims.

OO6yuaronias BBIOOpKa cocTosia u3 70 TOKyMEHTOB, a

BanuganuonHas — u3 30.

Jns cpaBHEHUs Pe3yNbTaToOB HCIOJIb30BAJIHChH
CTaHJApTHBIE METPUKH KadecTBa: precision (mou-
Hocmb), recall (monHota) and F1-score [17]. JaBaiire,
paccMOTpuM HX OoJiee JeTalbHO.

st Hagana paccmoTrpumM, uto Takoe TP, FP u FN:
* TP — 4ucio TOKEHOB, KOTOPHIM Kiacch(UKaTOp

MIPUCBOMII TIPABUIIbHYIO METOK,

* FP — uncio TokeHOB, KOTOpble UMEIOT MeTKy O, HO
KJIACCU(HUKATOP MPUCBOMI UM JIPYTYIO METKY,

e FN — 4ucio TOKEHOB, KOTOpPbIE UMEIOT OTIpEAEIEH-
Hy10 MeTKy (He O), HO KJ1acCU(pUKATOp OTHEC UX K
JIpyroi rpymre.

Accuracy (TOYHOCTb) — JOJIs] TOKEHOB, IEHCTBU-
TEJNbHO MPHUHAJIeKAIINX KOHKPETHOMY KJaccy, OT-
HOCHUTEJIbHO BCEX TOKEHOB, KOTOPBIM KJIacCU(PUKATOP
MIPUCBOMII TaKyl0 METKY Kjlacca. JJaHHast MeTpuKa BbI-
YHUCIAETCs 10 ypaBHEHUIO (1).

Precision = i (H)
TP+ FP

Recall (monHoTta) — 1O TOKEHOB, KOTOPHIM
KJIACCHU(HUKATOP MPUCBOUI KOHKPETHYIO METKY Kjac-
ca, OTHOCHUTEJIBHO BCEX TOKEHOB, UMEIOUINX 3Ty MET-
Ky. JlaHHasi METpPHUKa BBIUMCIIAETCS 110 YpaBHEHUIO (2).

TP
Recall = ——— )

TP+FN
Fl-score — cpeaHee rapMOHHUYECKOE 3HAYECHUE

TOYHOCTH ¥ MOJTHOTHL. J[aHHass METPUKA BBIYUCISCTCS
1o ypaBHeHHIO (3).

2 = Precision = Recall _ 2xTF
T 2«TPEFP+FN

€)

Fl-scare =
Precision + Recall

PesynpraTel kinaccudukauy Ha TECTOBBIX JTaH-
HBIX TIpuBeeHbl B Tao. 2.

Tabn. 2
3HayeHus MeTpUK Onsa pPasfnyHbiX METOAOB KJlacCu-
dburkaunn.

HassaHve mogenu  Precision Recall F1-score
SVM 0.5276 0.6340 0.5675

CRF 0.6701 0.6358 0.6378
Stanford NER 0.7530 0.8488 0.7981
BERT 0.8437 0.8978 0.8699
BioBERT 0.8467 0.9012 0.8731

"3 HpOBeI[éHHLIX OKCIICPUMEHTOB BUIAHO, YTO
KJIaCCUYCCKUE MCTOAbI MAaIllMHHOI'O O6y‘~ICHI/ISI IIoKa-
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3BIBAIOT PE3yJIbTaThl HAMHOTO XYXKeE, YeM IMpeaBapu-
TEJIHHO OOYYEHHBIE MOJIETH TIIyOOKOTO O0yUYeHHUs, KO-
TOpBIC, B CBOKO O4YePE/ib, KIACCU(PUIIMPYIOT TOKCHBI Ha
JOCTAaTOYHO XOPOILIEM YPOBHE.

3aKkjIoueHne

B crarbe onrican MeTon pellieHus 3a1a49u U3BIIe-
YyeHHs HHOOpMAIK U3 OMOMETUIIMHCKUX TCKCTOB IS
JanpHelmeld ee o0pabOTKU. DTOT METOJ TO3BOJISET
HM3BJICKATh OINMCAaHHUE XHMHYCCKHUX COCIUHCHHM, KO-
TOpHIE 3asBJICHBI AaBTOPAMU MATEHTOB. bbuti 00y4eHBI
MOJIeTT MalTMHHOTO 00y4enust, Takue kak SVM, CRF,
Stanford NER, BERT u BioBERT, Ha xoTopsix BIIO-
CJIEJICTBUY TTPOBOIUITUCH IKCTIEPUMEHTHI.

B nanbHelimem miaaupyercs npeodpa3oBarh Mo-
nyuyeHHble faHHble B popmar InChl konoB u Hamucarb
fingerprints KOTOpBIE COOTBETCTBYIOT CTPYKTypam
Mapkyina, 3asBISHHBIM aBTOpaMU TATEHTOB. Takke
MJIAHUPYETCS] MPOBECTU €IIE CEPUI0 IKCIIEPUMEHTOB
JUTSL YITyYIICHUS] KauyeCTBa W3BJICUCHUs WHGOpMAIUU
W3 TEKCTOB.
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Abstract. This article proposes an algorithm for solving the problem of extracting information from biomedical
patents and scientific publications. The introduced algorithm is based on machine learning methods. Experiments
were carried out on patents from the USPTO database. Experiments have shown that the best extraction quality
was achieved by a model based on BioBERT.
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Sentence splitters benchmark
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Abstract. There are multiple implementations of text into sentences splitters including open source
libraries and tools. But the quality of segmentation and the performance of each segmentation tool are
very different. Moreover, it is convenient for NLP developers to have all libraries written in the same
programming language, except when using some kind of integration programming language. This paper
considers two aspects - building a uniform framework and estimating language features of the modern
and popular programming language Julia from one side. And the performance estimation of sentence
splitting libraries as is. The paper contains detailed performance results, samples of texts after splitting,
and a list of some typical issues related to sentence splitting.
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Introduction

Segmentation of text or splitting linear text
into fragments is one of the fundamental operations
required for most applied NLP tasks. It refers to one
of the stages of natural language text processing - the
pre-syntactic analysis of the text[4].

Despite a tendency to replace traditional methods
of NLP with neural-net-based ones in the last years,
where document analysis might be done without in-
termediate stages, traditional methods are still used in
some cases. E.g. when we need to calculate statistics
of words, parts of speech in a document, do some spe-
cific markup, etc. There are multiple implementations
of text into sentences splitters including open source
libraries and tools. But the quality of segmentation and
the performance of each segmentation tool are very
different.

Also, we need to take into account a technolog-
ical stack that is used by developers of NLP applica-
tions. In most cases, developers prefer to use libraries
with API in the same language which is used in their
applications development.

Let’s take a look at some of the most commonly
used segmentation tools.

1. Segmentation tools review

1.1. NLTK

NLTK is a set of natural language analysis tools
written in Python language. It includes a set of librar-
ies for classification, tokenization, word stem finding,

Tpyabl NCA PAH. Tom 73. 1/2023

tagging, parsing, and semantic text analysis. NLTK
supports many languages depending on the specific
task. This tool implements the segmentation method
suggested by S. Bird, etc. [3] using unsupervised learn-
ing (learning algorithm “without a teacher”) to build a
model of abbreviated words, phrases, and words that
begin sentences and then find the supply boundary.

1.2. Stanford CoreNLP

CoreNLP is a set of NLP analysis tools written
in the Java language. CoreNLP allows users to obtain
linguistic annotations for text, including tokens, sen-
tence boundaries, and many others. Currently supports
6 languages: Arabic, Chinese, English, French, Ger-
man and Spanish. This software implements a com-
bined segmentation method for text segmentation. A
combined method means the combination of machine
learning and rule-based methods. Text processing sug-
gested by C. Manning, etc. [11] executes in the form
of a pipeline, at each stage in which the user receives
linguistic annotations. Each stage fulfills its function.
For example, a pipeline can consist of token boundar-
ies, parts of speech, named entities, and sentence seg-
mentation. Each of these stages can be implemented in
different ways.

1.3. SpaCy

SpaCy is a set of advanced word processing tools
written in Python and Cython programming languag-
es. Unlike NLTK, which is widely used for teaching
and research, SpaCy focuses on providing software
for production use. With its internal machine learn-
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ing library “Thinc”, SpaCy supports the connection of
statistical models trained by popular machine learning
libraries: TensorFlow, PyTorch, and MXNet. SpaCy
provides models for part-of-speech tagging, depen-
dency analysis, text segmentation, and named enti-
ty recognition. Out-of-the-box statistical models for
these tasks are available in 17 languages, including
English, Portuguese, Spanish, Russian, and Chinese.
There is also a multilingual NER model. Additional to-
kenization support for over 65 languages allows users
to train models on their own datasets. This tool imple-
ments two segmentation methods: a method based on
heuristic rules and a method based on machine learn-
ing, namely “decision trees”. The heuristic rules code
is in the SpaCy documentation [9]. The Dependency
parser uses a variant of the non-monotonic arc-eager
transition system suggested by M. Honnibal, etc. [8],
with the addition of a “break” transition to performing
the sentence segmentation. The pseudo-projective de-
pendency transformation suggested by J. Nivre, etc.
[12] is used so that the parser can predict non-projec-
tive parsing.

1.4. Apache OpenNLP

Apache OpenNLP is a machine learning-based
toolkit for natural language processing. OpenNLP
supports the most common NLP tasks, such as tokeni-
zation, sentence segmentation, and others. OpenNLP
does not support languages out of the box. The frame-
work can be used to train a model for any language.
However, there are adapted models for Danish, Ger-
man, English, Spanish, Dutch, Portuguese, and Sami.
This tool implements a sentence segmentation meth-
od based on machine learning, namely unsupervised
learning [2].

1.5. WordTokenizers.jl

Apache OpenNLP is a machine learning-based
toolkit for natural language processing. OpenNLP sup-
ports the most common NLP tasks, such as tokeniza-
tion, sentence segmentation, and others. OpenNLP does
not support languages out of the box. The framework
can be used to train a model for any language. Howev-
er, there are adapted models for Danish, German, En-
glish, Spanish, Dutch, Portuguese, and Sami. This tool
implements a sentence segmentation method based on
machine learning, namely unsupervised learning [14].

1.6. Sentencize.jl

This package is also written in Julia and re-im-
plements the Python-based package sentence-splitter
[1]. The sentence-splitter package is a Python imple-
mentation of the Lingua :: Sentence module [13] — a
Perl-based extension for breaking text paragraphs into
sentences. Sentencize.jl supports the following lan-
guages: Catalan, Czech, Danish, Dutch, English, Finn-
ish, French, German, Greek, Hungarian, Icelandic,
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Italian, Latvian, Lithuanian, Norwegian (Bokmal),
Polish, Portuguese, Romanian, Russian, Slovak, Slo-
venian, Spanish, Swedish, Turkish. This tool imple-
ments a sentence segmentation method based on heu-
ristic rules suggested by P. Koehn, etc. [10].

1.7. Outcomes of the review

Heuristic methods are still widely used in text
processing. They are easy to use and do not require
significant memory resources. The advantage of these
methods is also the stability and predictability of their
work. The supply boundary is determined by matching
against a set of rules. However, in texts with a special
arrangement of punctuation marks (e-mail and phys-
ical addresses), mistakes might occur. The disadvan-
tage of these methods is difficult to modify the rules in
case of significant changes. Machine learning methods
are more delicate than rule-based methods. They are
able to find places with a special arrangement of punc-
tuation marks, as well as various mistakes, and avoid
them when splitting the text into sentences. However,
when using the wrong training sample, the behavior
of the sentence splitter in a given text is poorly pre-
dictable. The advantage of modern pre-trained neural
networks over all the above is context dependence.
However, as with statistical methods, the behavior de-
pends on the training sample and is poorly predictable,
and the training costs may not be justified in relation
to the quality of the text splitting. Combined methods
should take into account the shortcomings of machine
learning and rule-based methods. But these combined
methods require additional RAM resources, which can
slow down the process. Let’s test all the above seg-
mentation tools to find the best one.

2. Benchmark

2.1. Julia as an integration platform

Julia language is available for production use
since 2018. Then, the community is continuously
growing up [7]. Julia can still be called a new lan-
guage, but it already has impressive functionality. For
example, even a new implementation of old libraries
and algorithms to solve the problem of text segmenta-
tion is mentioned above.

Julia offers packages designed for high perfor-
mance from the beginning. In machine learning, and
natural language processing an immense advantage of
Julia is that most packages with similar functionality
were developed after the creation of popular Python,
Java, and R libraries. But, at the same time, Julia de-
veloped much later compared with other popular lan-
guage stacks.

For many years, a common approach for devel-
opment libraries that are applicable for multiple lan-
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guages use was the way of building C/C++ based bi-
nary compiled dynamic libraries with C-style exported
names. These libraries might be used in scripting lan-
guages with appropriate wrapper code prepared manu-
ally or with tools like SWIG.

In the case of Java, there is an interface JNI for
calling this kind of library. And there is JSR 223 Java
Scripting API with multiple 3-rd party execution mod-
ules for exact languages to run a script or code snippet.
At the same time, a programmer has to do a lot of ad-
ditional operations to even activate non-Java code and
transfer data to the code e.g. in Python. In the case of
Python, as a result of the low performance of baseline
implementation of CPython, there is the fragmentation
of the language dialects with Cython, PyPy, NIM, etc.
And, there are the same issues with additional pro-
grammers’ work to integrate any other language into
a Python project with something other than a binary
dynamic library. And, even after 30 years of develop-
ment, the main issue of Python is low performance and
a ponderous toolkit to force a Python code to be a pro-
duction-applicable application.

Key developers of Julia paid attention to integra-
tion features and implemented a way to execute other
language scripts with their libraries rather than just
giving a binary interface. And, moreover, even Julia
code might be integrated into other applications with
Julia Embedded API and a system image built on a
Julia code.

This allowed us to speak about integration pos-
sibilities of other languages and libraries into a Julia
code, and take into account all the advantages and dis-
advantages of all the mentioned above packages, as
well as use ready-made solutions or their parts written

in other languages. Let’s look at some of its integration
features.

Julia can initially (without any “glue” code, code
generation, or compilation) [6] directly call the C and
Fortran libraries (fig. 1).

Also, there are special packages to call Python,
R, Java code. The following sample uses the package
PyCall (fig. 2). It allows us to call Python functions
and even to write Python code inside Julia program-
mers.

JavaCall allows only to call Java packages from
within Julia code (fig. 3). First of all, we need to ini-
tialize the Java Virtual Machine before we can call any
other functions in this module. After that, we get ac-
cess to all the functions of this package, along with the
Java program.

In this benchmark, we take into account all the
Julia possibilities making Julia a perfect tool for com-
parison libraries in different languages under equal
conditions.

2.2, Benchmark details

The idea of the benchmark is to compare text
splitting into sentences with the segmentation tools
mentioned above using the same set of text and a ref-
erence markup of sentences. We illustrate the principle
of operation in figure 4. In the input section, we have
a marked-up dataset, on the basis of which we form
plain text with and without markup. Next, we split the
text without markup into sentences using each seg-
mentation tool. After that, we make a comparison of
the obtained sentences with its reference. In the result

# Example of calling C library
julia> ecall((:sqrt, "libm"), Float64, (Float64,), 49.0)
7.0
Fig. 1. Example of calling C library
# Adding Python dependencies
using Conda
using PyCall
Conda.add ("spacy")
Conda.add ("nltk")
pyﬂl'l n
import nltk
nltk.downleoad('punkt')
nnn
t Example of calling Python library
using PyCall
local spacy = pyimport ("spacy")
Dict (:nlp => spacy.load(spacy_model, disable = ["tagger", "ner"]))

Fig. 2. Example of calling Python library
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# Custom Java package initialization
using JavaCall
function activate_java_deps ()
local jar_dir = joinpath(project_root,
"javaNLP", "build", "libs",
"sentence_splitter wrapper-0.1-SNAPSHOT-all. jar")

JavaCall.init (["-Djava.class.path=" * normpath (jar_dir)])
end
# Importing a custom Java class
cpennlp_benchmark =
jvm_benchmark ("opennlp", "OpenNLP", @jimport (ru.bmstu.sentencespliter.
benchmark .OpenNLP) )
# Calling Java function inside the jvm _benchmark () function

benchmark = (data) -> begin
local jwrapper = datal:jWrapperClass] (())
Dict (

:jvm_res =>
jecall (jwrapper,
"splitSentences",
JString,
(JString, JString),
data[:input_f£fn],
data[:output_fn])

end

Fig. 3. Example of calling Java library

section, we calculate f-measures and the splitting per-

formance time. “The GUM Corpus”

We illustrate the benchmark architecture as the
package diagram in figure 6. Here you can see how s — T e—
Julia, Python, and Java packages from its libraries Process Join text Join text
connect with each other. SentenceSplitterBenchmark. witimactug | WHRHIERGGE
jl is our package written in Julia language only. We Y
highlight other packages belonging to different pro- Baw i
gramming languages.

The benchmark framework developed in this J' i"it“’ith .

gmentation tool

work gives a simple way to describe a frame for a new

library or algorithm for testing. Any specific frame is Splitting —_ l
stored in the structure like this: (fig. 5) |

For each segmentation tool, its own object with L " [
the described structure is created. That object de- ‘3 ﬁ g | I
scribes a function for doing some work before starting 30 3
the benchmark, a function for running the benchmark, R @ l I
and a function for collecting results if these are not |
available directly. That description is looking like a | I
declarative form. No# |

Comparison | I

It was decided to measure the performance |
(speed of each tool) using BenchmarkTools.jl [5]. This = —— — — — p— —
solution will solve problems with launch heterogene- Sl *
ity by averaging measurements. e Performance

In the example above (fig. 8), let’s pay attention
to the fact that the teardown is set in such a way that _ : i _
running the JVM does not affect the result. Fig. 4. Principle of benchmark operation
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struct BenchmarkFrame
setup: :Function
benchmark: :Function
teardown: :Function

data::Dict

end

Fig. 5. BrenchmarkFrame structure

Then we can call all benchmark objects of seg-
mentation tools sequentially via evaluate list() with
specifying the number of samples and the benchmark
duration after that the trial will be terminated(fig.7).
Parameters samples = 100, seconds = 40 passed direct-
ly into the BenchmarkTools.jl module which is provid-
ing running of tests and collecting a stable execution
statistics.

2.3. Setup
Let’s compare the segmentation tools for the
problem of splitting the text into sentences according
to the following criteria:
1. Execution performance and required resources.
2. Quality of text segmentation.
3. Errors of text segmentation.

It was decided to measure the performance (speed
of each tool) using the BenchmarkTools.jl [5]. Testing
will be performed on 5840 sentences from “The
GUM Corpus” [16].

GUM stands for Georgetown University Multi-
layer Corpus, a corpus of English texts with different
text types. This corpus consists of interviews, news,
travel guides, how-to guides, academic writing, bi-
ographies, fiction, online forum discussions, sponta-
neous face-to-face conversations, political speeches,
textbooks, and vlogs. Such a variety of texts allows us
to test segmentation close to natural conditions when
we don’t know what is the input text. For example, one
sentence from the GUM Corpus is presented in fig.9

Each token (word, punctuation mark) has its an-
notation. Our task was to test sentence segmentation,
so we use GUM annotation only as a reference for sen-
tence boundaries. Thus, we will combine all the sen-
tences of the corpus into plain text without line breaks
(punctuation will remain) and compare the splitting
using each of the tools with the reference markup.

We will take average values of the time to obtain
the execution performance of tools.

The task of text segmentation is the task of clas-
sification (hyphenation might be present or not). The
effectiveness of the text segmentation tool can be nu-
merically assessed by the quality of predictions for the

i @t?ﬁn i
| . i
L Julia i NLTK I
| | i 1 g
3 1;<imporl>>! I
WordT okenizers.jl r PyCall jl — —I
| | | ) | I
[ JP—— Sentence - >>| i | Spacy I
EE I—'mﬂn Splitter '"ﬂm—i ] I -
| Benchmark.j| | !
Sentencize.jl = . JavaCall jl I ______ |
<r<imim'rt>>
——————————————— a
_l I I _l :
1 I | I
OpenNLP CoreNLP SimpleSplitter

Fig. 6. Package diagram
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evaluate splitters() = evaluate_ list (() -> [
nltk_benchmark (samples = 100, seconds = 40),
opennlp_benchmark (samples = 100, seconds = 40),
corenlp_benchmark (samples = 100, seconds = 40),
julia_wt_benchmark (samples = 100, seconds = 40),

)

evaluate_all() = evaluate_splitters()

Fig. 7. Example of calling all benchmark objects

# BenchmarkFrame structure instance for NLTK
nltk_benchmark = BenchmarkFrame (
"nltk", "NLTK",
setup = (data) ->
Dict (:nlt => pyimport ("nltk")),
benchmark = (data) ->
Dict (:output_sentences => data[:nlt].sent_tokenize (data[:input_text]))
)

# BenchmarkFrame structure instance for Java segmentation tools
# can be called for OpenNLP and CoreNLP
jvm_benchmark (name, description, jWrapperClass) = BenchmarkFrame (name,
description;
setup = (data) -> begin
local output_fn = joinpath(out_dir, "jvm_output”, "output_" * datal[:name
[ s o)
Dict (: jWrapperClass => jWrapperClass, :output_fn => output_=£fn)
end,
benchmark = (data) -> begin
local jwrapper = data[:jWrapperClass] (())
Dict (
:jvm_res =>
jeall (jwrapper,

"splitSentences",
JString,

(JString, JString),
data[:input_£fn],
data[:output_£fn])

end,

teardown = (data) -> begin
local text = open(f->read(f, String), datal:output_£fn])
local sentenses = split (text,"™ \n ")
pop! (sentenses)
Dict (:output_sentences => sentenses)

end

)

# BenchmarkFrame structure instance for WordTokenizers. jl
julia_wt_benchmark = BenchmarkFrame (
"julia_wt", "WordTokenizers.jl",
benchmark = (data) ->
Dict (:output_sentences => split_sentences (datal:input_text]))

Fig. 8. BrenchmarkFrame structure for NLTK and WordTokenizers.jl
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# text =
1 Insights

Insights from Eye-Tracking
insight NOUN

NNS Number=Plur 0

root 0:root Discourse=

elaboration-additional:2->1:0|Entity=(3-abstract-new-1-coref

ADF IN _ 5
NN Number=Sing 5

2 from from
3 Eye eye NOUN

case
compound

S5:case _
S:compound Entity=(4-

abstract-new-3-coref (5-object-new-1-coref) | SpaceAfter=No | XML=<w>

HYPH 3

4 = = PUNCT =
NOUN

5 Tracking tracking
Entity=4) 3) | XML=</w>

punct
NN Number=Sing 1

3:punct SpaceAfter=No
nmod 1:nmod:from

Fig.9. One sentence from the GUM Corpus

test sample. The forecasts made are considered either
positive or negative, and the expected judgments are
true or false.

Four classes that include all predictions made by
the segmentation tool are shown in Table 1. Predic-
tions must be made for each token (word, punctuation
mark) in the sentence. So each token goes to one of the
four classes (TP, FN, TN, FN) according to prediction.

Table 1
Confusion matrix
s
» o | ]
& o 2 c
o o |0 s
o a | e [
X
w
TP, True | 4 1 4 | Line break where it should be
Positive
FP, False | 41 g |Line break NOT where it should be
Positive
TN, True 0 1 There is no line break, but there
Negative should be
FN, False 0 0 There is no line break, and there
Negative shouldn’t be

We use the following general indicators [15]:
TP+ TN

A =
CUracY = TP Y TN + FP + FN

FP + FN
TP +TN + FP + FN

Error =1 — Accuracy =

Precision = L
TP+ FP
Te
Recall = m

Precizion = Recall

j'.-' e = L r
measire Precision + Recall

2.4, Execution time performance
Table 2 shows the results of measuring the exe-
cution time of the text segmentation tools.
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The table is sorted in ascending order of average
execution time for each tool.

The first three lines are the simplest and the fast-
est algorithms with the supposedly lowest segmenta-
tion quality. Next, the best results are WordTokeniz-
ers.jl and OpenNLP. The difference in the average
execution time of 100 iterations ranges from 0.1s to
2s at each benchmark run, with WordTokenizers.
jl having an advantage. Thus, the WordTokenizers.jl
(Julia-based with heuristics) can be said to perform
sentence splitting faster than others. At this step, the
hypothesis about rule-based methods is only partial-
ly confirmed. One of the rule-based tools shows the
fastest results, the other two show the slowest. It all
depends on the quality of heuristics. The next step is to
estimate the quality of the sentence splitting.

Table 2
Performance
Tool Name Iterations Time(ms)
Julia split() 100 0,57
Julia split() with file 100 3,58
SimpleSplitter 100 13,77
WordTokenizers.jl 100 30,20
OpenNLP 100 30,73
NLTK 100 216,07
CoreNLP 100 311.99
Spacy (Rule-based) 43 1036.76
Sentencize.jl 7 6476.84
Spacy (Dependency parser) 6 10690.8

2.5. Text segmentation quality

As each segmentation tool has its own tokenizer,
the number of tokens (predictions) for each tool might
be different. Thus, we can compare the quality of seg-
mentation with relative values (accuracy, error, preci-
sion, error, f1).

It is worth clarifying that “Julia split () with file”
is omitted in this table, since “Julia split () and “Julia
split () with file” are one splitting algorithm, therefore,
the results of the accuracy estimation will be the same.

The quality of text segmentation is shown in
Table 3. As we can see, the best quality is shown by
Sentencize.jl - port of a rule-based Perl extension for
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Table 3
Comparison metrics results.
Tool Name tp fp tn fn  accuracy error precision recall f1
Sentencize.j| 6330 254 107813 1078 0,99 0,01 0,96 0,85 0,905
NLTK 6269 283 107787 1139 0,99 0,01 0,96 0,85 0,898
OpenNLP 6255 276 107791 1153 0,99 0,01 0,96 0,84 0,897
CoreNLP 6278 362 107786 1130 0,99 0,01 0,95 0,85 0,894
WordTokenizers.j| 6140 264 107809 1268 0,99 0,01 0,96 0,83 0,889
Spacy (Dependency parser) 6631 934 107268 777 0,99 0,01 0,88 0,90 0,886
Spacy (Rule-based) 6183 994 107531 1225 0,98 0,02 0,86 0,83 0,848
SimpleSplitter 5760 772 107847 1648 0,98 0,02 0,88 0,78 0,826
Julia split() 5760 878 107780 1648 0,98 0,02 0,87 0,78 0,820
Table 4 account the nuances of their work. This can be done by
Number of 2nd type errors printing out the markup errors and comparing them to
Tool Name Errors the reference markup. During the analysis, we identi-
Sentencize.jl 0 fied two types of errors: errors in setting the line break
NLTK 3 and errors in recognizing tokens.
OpenNLP 0 Errors of the 1st type are associated with the ab-
CoreNLP 84 sence of punctuation marks in the source text, head-
WordTokenizers. |l 6 ings, and enumerations. All segmentation tools make
Spacy (Dependency parser) 135 similar errors in the same places. There is no point in
Spacy (Rule-based) 458 showing them.

sentence splitting. At this step, again the hypothesis is
only partially confirmed. The best quality is shown by
another heuristic.

2.6. Types of segmentation errors

For a more complete understanding of the work
of each segmentation tool, it is necessary to take into

Errors of the 2nd type are more exotic. They de-
pend on the segmentation tool and are not repeated in
the analyzed tools. It is associated with a specific seg-
mentation algorithm (method). These errors consist of
incorrect recognition of tokens and occur with consec-
utive punctuation marks. Consider some examples in
Table 5.

Table 5

Error examples

WordTokenizers.jl

Reference markup

Markup error

- It ‘s a little bit like Achilles and the turtle.\vskip 3pt- ... love
story and romance and surprises and tragedies and all this
but alsothis structure interested me a lot.

- It ‘s a little bit like Achilles and the turtle.... love story and
romance andsurprises and tragedies and all this but also
this structure interested me a lot.

NLTK

Reference markup

Markup error

- A Connecticut Yankee in King Arthur ‘s Court ( solo )\vskip
3pt- Ed.: See the LibriVox catalog for a full index.

- A Connecticut Yankee in King Arthur ‘s Court ( solo ) Ed.\
vskip 3pt- : See the LibriVox catalog for a full index.

CoreNLP

Reference markup

Markup error

- Had they died fast or were they now suffering a fate far
worse..?

- Had they died fast or were they now suffering a fate far
worse.\vskip 3pt- .\vskip 3pt- ?

Spacy (Dependency parser)

Reference markup

Markup error

- Finally, our study complements Navarro’s (2016) automatic
metrical analyses of Spanish Golden Age sonnets, by cover-
ing a wider period and focusing on enjambment.

- Finally, our study complements Navarro\vskip 3pt- s (2016)
automatic metrical analyses of Spanish Golden Age sonnets,
by covering a wider period and focusing on enjambment.

Spacy (Rule-based)

Reference markup

Markup error

- The severe concerns underpinning the alleged crisis have
several dimensions relating to: (a) the (small) amount of
published replication research; (b) the (poor) quality of rep-
lication research; and (c) the (lack of) reproducibility, which
refers to the extent to which findings can (not) be repro-
duced in replication attempts that have been undertaken.

- The severe concerns underpinning the alleged crisis have sev-
eral dimensions relating to: (\vskip 3pt- a) the (small) amount of
published replication research; (\vskip 3pt- b) the (poor) quality
of replication research;\vskip 3pt- and (c) the (lack of) reproduc-
ibility, which refers to the extent to which findings can (not) be

reproduced in replication attempts that have been undertaken.
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The results in Table 4 shows that CoreNLP and
Spacy make the most errors of the 2nd type (in recog-
nizing tokens). Because of this, the share of correct pre-
dictions and other indicators were not maximum. It also
confirms that Sentencize.jl performs segmentation with
the fewest errors (all tokens were recognized correctly).

Conclusion

In this paper, we compared the results of the 8
segmentation tools using comparison metrics and cal-
culating performance. It is worth noting that the best
results in terms of performance (WordTokenizers.jl)
and quality (Sentencize.jl) belong to Julia tools. The
benchmark source code is available at https://bmstu.
codes/AnnaZav/sentencesplitterbenchmark.

The novelty from the technical side is developed by
our unified benchmarking framework for libraries writ-
ten in different programming languages which allows
connecting the new libraries into a testing pipeline and
getting comparison results on both quality and execution
performance. And, due to the selected Julia language,
these libraries might be written in different languages, in-
cluding native Julia, Python, R, Java, etc. That work con-
firms that Julia might be used as an integration platform.

This paper is a part of the research work carried
out within the Bauman Deep Analytics project of the
Priority 2030 program.
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Abstract. The article is devoted to an approach to building a conceptual modeling system, which in-
cludes text recognition in a conceptual structure and text generation based on a conceptual structure.
The metagraph is used as a conceptual structure. The architecture of the conceptual modeling system is
proposed. The metagraph model is considered as a data model for conceptual modeling. The main ideas
of the work of the text parsing module and text generation module are considered.
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Generation.
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Introduction

Humanity has accumulated a huge number of
text documents. The task of extracting the meaning of
a text from a large number of documents is difficult for
the user and may require significant time costs.

The task becomes more complicated when the
user is a decision-maker and must distinguish the
meaning of incoming texts and make decisions in a
limited time. One of the common ways to “concep-
tually compress” text information is to use conceptu-
al models. Such models include mindmap diagrams,
concept maps, and, in part, ontological models. Re-
search is currently underway to develop conceptual
models presented in complex graph structures, such
as hypergraphs, hypernetworks, and metagraphs. The
use of complex graph structures provides a signifi-
cant degree of “conceptual compression”. The use
of conceptual models in the decision-making task
involves the sequential implementation of three en-
larged steps:

1. Synthesis of a conceptual model based on a text
description.

2. Conceptual modeling, as a result of which new
conceptual models are formed.

3. Analysis of the results of modeling, decision-mak-
ing, and the formation of reports based on the de-
cisions made.

In this regard, the development of methods and
algorithms for the synthesis of conceptual models
based on a text description, implementing step 1, and
generation of text reports based on the models ob-
tained as a result of conceptual modeling in step 3 are
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urgent tasks without solving which it is impossible to
implement conceptual modeling fully.

This article discusses both the architecture of the
conceptual modeling system and the principles of im-
plementing the main modules of the system.

1. The Architecture of a Conceptual Modeling
System

The Architecture of a Conceptual Modeling Sys-

tem is represented in the Fig. 1.

The system under development contains three
large modules:

1. The text parsing module.

2. The text generation module.

3. The metagraph concepts modeling module.

The operation of the system consists of nine
main steps:

1. In “Step I, a source text document is read.

2. In “Step II”, “the text parsing module” parses the
document, extracts concepts and relationships, and
creates a metagraph structure.

3. In “Step III”, the generated metagraph structure is
recorded into “the metagraph concepts storage”.

4. In “Step IV”, “the metagraph concepts modeling
module” receives the sourceconcepts for modeling
from “the metagraph concepts storage”.

5. In “Step V”, the conceptual modeling is performed.
The source concepts inthe form of metagraph are
translated to the destination concepts.

6. In “Step VI”, the results of conceptual modeling are
recorded into “themetagraph concepts storage”.
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V.

The Metagraph
Concepts Modeling
Module

The Metagraph
Concepts Storage

111. VIIL.
" The Text
1L The 1;::;:'; rsing Generation VIII.
Module
I I1X.

Text Documents

Fig.1. The Architecture of a Conceptual Modeling
System

7. In “Step VII”, “the text generation module” re-
ceives the destination concepts from “the meta-
graph concepts storage”.

8. In “Step VIII”, “the text generation module” trans-
forms destination concepts into text form.

9. In “Step IX,” the output text document is generated.

The system architecture includes “the metagraph
concepts storage”. The detailed structure of the infor-
mation stored in “the metagraph concepts storage” is
the subject of a separate research. The main ideas of
storing a metagraph model in relational, document-ori-

ented, and graph databases are discussed in [15].

Various options for metagraph modeling are the
subject of a separate study. In this article, we will con-
sider in detail the principles of extracting metagraph
structures from text and generating text based on the
metagraph structure, which corresponds to modules

“The text parsing module” and “The text generation

module”. We will also consider the basic principles that

underlie “The metagraph concepts modeling module”.

2. Using Metagraphs for Concepts Modeling

In this section, we discuss the use of a metagraph
model as a data model for “The metagraph concepts
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modeling module”. We will also compare flat concept
maps (such as MindMaps and CMaps) with a meta-
graph model.

MindMaps. Probably, the most well-known
approach to the representation of conceptual maps in
practice is MindMap or “relationship diagram” [3].

The idea of constructing such a diagram is that
the main topic (“topic”) is depicted in the center of the
sheet, in which hierarchical subtopics are nested. Var-
ious views can be used to visualize such a diagram.
Hierarchically nested concepts can be displayed in the
form of a tree, can be located on concentric circles, can
be represented in the form of an Ishikawa diagram [6]
(which is also known as a “cause-effect diagram”). The
simplest software products support only one version of
the representation of the relationship diagram (as a rule,
this is the “classic” version, in which the concepts are
located on concentric circles). More advanced software
products (for example, XMind [1]) support several rep-
resentation options and automatically convert a struc-
ture from one representation to another.

From the point of view of the data model, a re-
lationship diagram is a flat graph whose vertices cor-
respond to concepts and whose edges correspond to
connections between concepts. Edges in this model
are considered as non-directional and non-annotated
(an edge cannot be assigned a label containing aux-
iliary data). It is the property of non-annotability that
allows automatic transformations between views.

Advanced software products (for example,
XMind) also allow you to create additional annotated
edges (actually turning the link diagram model into a
CMap model), but such edges are not subject to auto-
matic transformations between views.

Concept maps (CMaps). The CMap approach
was proposed by Professor Joseph D. Novak [10]. The
CmapTools system is an automated tool developed
based on Novak’s theory, designed for the formaliza-
tion of subject areas, and is also often used in practice
as an automated learning tool.

From the point of view of the data model, a
CMap (like a MindMap) is a flat graph whose verti-
ces correspond to concepts, and whose edges corre-
spond to connections between concepts. In contrast
to the MindMap diagram, the edges in this model are
considered as directed and annotated (an edge can be
assigned a label containing auxiliary data). Unlike the
MindMap diagram model, it is not possible to per-
form automatic transformations between views for the
CMap model.

Advantages and Disadvantages of Flat Con-
cept Maps. The main advantages of the existing ap-
proaches to the presentation of concept maps are:

1. The conceptual map is presented in a graphical
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form, which allows the userto form a complete rep-
resentation of the subject area.

2. This version of the presentation allows you to un-
derstand the hierarchicalrelationship between the
concepts.

3. In the case of using a concept map as a training
tool, it is possible to graduallyadd concepts and
connections, which allows the student to form a
holistic view of the subject area step by step.

4. The main disadvantages of the existing approaches
to the presentation of concept maps are:

5. The MindMap diagram does not allow annotating
edges, which seriouslylimits the expressive capa-
bilities of the model. This problem is solved in the
CMap approach.

6. Both the MindMap diagram and CMap use flat
graphs to represent conceptual maps. This leads to
the fact that a concept map with a size of even a few
dozen concepts becomes almost unreadable. In par-
ticular, this happens due to a violation of Miller’s
law [13], since at the same time, the user is forced
to work with a number of concepts that exceeds the
number 7 £ 2.

To solve the second problem, the CMap ap-
proach uses the concept of nested nodes. But nested
nodes allow you to combine ordinary nodes only once
— hierarchical embedding of nested catches into each
other is impossible in the CMap approach.

Thus, having analyzed the existing approaches
to the representation of conceptual maps, we can con-
clude that the main problem of the existing approaches
is using a flat graph as a model for the representation
of a conceptual map. Next, we will consider the possi-
bility of using complex graphs (metagraphs) as a mod-
el for conceptual maps.

The Metagraph Model for Concepts Model-
ing. The metagraph model is a kind of complex graph
model. In this article, by metagraph we will understand
the following: MG = (V,MV,E), where MG — metagraph;
V — set of metagraph vertices; MV — set of metagraph
metavertices; E — set of metagraph edges.

It should also be noted that in some versions of
the metagraph model, there is such an element as a me-
taedge [14]. But in the proposed approach, metaedges
are not used for conceptual modeling, so they are not
considered in this article.

Metagraph vertex v,= {atr,},v,€ V, where atr,
— attribute. Metagraph edge e = (v v, {atr,})e € E,
where v,— source vertex (metavertex) of the edge; v,—
destination vertex (metavertex) of the edge; atr, — at-
tribute.

The metagraph fragment is defined as
MG = {ev}ev € (VU EU MV), where ev,— an el-
ement that belongs to the union of vertices, edg-
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es and metavertices. The metagraph metavertex:
my = ({atrk},MGf),mvl.e MV , where mv,— metagraph
metavertex; atr, —attribute, MG — metagraph fragment.

The main element of the metagraph model is the
metavertex. From the general system theory point of
view, metavertex is a special case of manifestation
of emergence principle, which means that metaver-
tex with its private attributes and connections became
a whole that cannot be separated into its component
parts. The example of metagraph representation is giv-
en in the Fig. 2.

The example contains three metavertices: mv,,
mv, and mv,. Metavertex mv, contains vertices v, v,, v,
and connecting them edges e, e,, e,. Metavertex mv,
contains vertices v,, v, and connecting them edge e,.
Edges e,, e, are examples of edges connecting vertices
v,~v, and v,-v, are contained in different metavertices
mv, and mv,. Edge e is an example of edge connecting
metavertices mv, and mv,. Edge e, is an example of edge
connecting vertex v, and metavertex my,. Metavertex
mv, contains metavertex mv,, vertices v,, v, and edge
e, from metavertex mv, and also edges e, e e, showing
emergent nature of metagraph structure.

Fig.2. The example of metagraph representation

The metagraph model can be useful for describing
conceptual maps. In this case, we can consider “sim-
ple” and “complex” concepts. At the same time, “sim-
ple” concepts are modeled using ordinary vertices, and
“complex” ones are modeled using metavertices.

The use of metavertices to describe conceptual
maps allows us to abandon the representation of a con-
ceptual map in the form of a flat graph and switch to a
holonic spatial description of a conceptual map in the
form of a metagraph.

Using metagraph calculus [16], it is possible to
carry out a formal transformation of the metagraph in
the process of conceptual modeling.

The process of conceptual modeling is based on
the sequential transformation of metagraphs using me-
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tagraph agents, which are described in [17]. As a result
of modeling, an existing metagraph can either be mod-
ified or a new metagraph can be created.

In order to implement “the metagraph concepts
storage”, the graph model can be transformed into a
flat graph model as shown in [15]. Also, in accordance
with [15], the database based on the flat graph model
or document model or relational model can be used to
store a metagraph model.

3. The Text Parsing Module

The module is based on the frame approach. For
researching the frame semantic core transformation,
the following frame concepts are considered:

— Zhabotinskaya’s frames[19]. The author of the ar-
ticle proposes frames of a simpler (lower) level,
which are very close in meaning to syntactic con-
structions (cases, sentence members, etc.) Thus, it is
not difficult to find a certain set of rules for convert-
ing syntax trees into Zhabotinskaya frames.

— FrameNet [2] database is a great tool providing
many frame definitions, semantic roles, and word
senses. Frames provide structure information.
Frame instances provide data information. Entities
in frame instances can be linked, showing that they

Frame Inst‘ér nce 2

Frame Instance 3

Frame Instdnce 1

Frame Instance 4

Fig.3. The Data Representation
of the Frame Semantic Core
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are the same. Due to the nature of frames, entities
inside some frame can also be frames. The resulting
data representation is shown in the Fig. 3.

— FrameBank database is a thesaurus for Russian lan-
guage [8]. Once there were just the Russian version
of FrameNet [7], it were transformed and adapted
for Russian, which has more morphological and se-
mantic features than English.

As a result, the FrameNet is considered more suit-
able because of its more flexible structure and acceptance
worldwide. The Russian version of it will be used in fur-
ther work. In this article, the English version is used.

The general idea of the graph generation algo-
rithm is shown in the Fig. 4.

Initially, the source text is subjected to the reso-
lution of reference links (coreference), which allows
you to remove leaves that do not carry useful informa-
tion, and also make the future graph more connected.

Then the text gets into the module for convert-
ing text to frames [12]. After that, the received frames
are linked by target words. Thus, a graph is obtained,
each node of which is a word. The frame attributes
are turned into similar nodes. Links between the main
node and the attribute node are marked with the appro-
priate tag (frame attribute).

Up to this point, we are working with a flat graph
in which initially parsed low-level concepts corre-
spond to words and phrases of the source text and
relationships between these low-level concepts corre-
sponds to the links both between the members of the
sentence and between individual sentences.

Coreference Resolution
for Input Sentences

Y

Frame-Semantic Parsing

Y

Frame Linking

Y

Enriching Frame

Fig.4. Algorithm for text-to-graph transformation

Further enrichment of frames leads to the forma-
tion of high-level concepts based on low-level con-
cepts. But it is impossible within the framework of
the flat graph structure, so we turn to the metagraph
model.

Enriched frames can be considered as metaverti-
ces of a metagraph. This is due to the nested structure
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of the resulting frames — frames can be atomic or con-
tain other frames. In this model, metavertices may be
considered as compositions of low-level vertices.

It should be noted that items of “the metagraph con-
cepts storage” only indirectly corresponds to sentences
of the source text. The “the metagraph concepts storage”
stores the high-level concepts of the metagraph model
that were extracted and enriched based on the source text.

4. The Text Generation Module

The general idea of the text generation algorithm
is shown in the Fig. 5.

First of all, the generating text system needs to
know the purpose of generating text. This purpose will
determine the path of the algorithm. The purpose of
generating text is considered of these types of input
information:

— User request.
— Meta information i.e., user language, user location,
history of user request.

It should be noted that the purpose of generating
text can be supplemented by another kind of informa-
tion, such as another text input from the user explain-
ing how the result text should be like.

This purpose is then analyzed for two main goals:
find out which parts of the metagraph will be used to
output the answer, and determine in which format out-
put text will be generated. For simplistic purposes, it
is supposed that analyzing input information is trans-
forming this input into a semantic representation. That
way, the purpose of generating text can be presented as
semantic and manipulated as such.

Query Reasoning

|

Subgraph Extraction

|

Subgraph-to-text

|

Sentence Sorting

|

Sentence Grouping

Fig.5. Algorithm for graph-to-text transformation

After analyzing the purpose of the generating
text, the algorithm uses this semantic of purpose in
semantic representation and highlights the individual
parts of the metagraph.
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These results are then compared with a graph to
find parts of a metagraph. For the general case, it can
be done in several approaches:

1. If supposed, that input frame and metagraph are us-
ing the same semanticcore, then this task becomes
a subgraph isomorphism problem with NPcom-
pleteness, which has too high computational costs.
It has been solved recently [9], so this approach can
be used for it;

2. In case when input frame and metagraph are not
using same semantic core,then the graph compar-
ison methods can be performed: the target frame
is matched to search the relevant part of the meta-
graph;

3. Use unique approaches related to the features of the
semantic core.

Highlighted parts of the metagraph will trans-
form into text representation with syntactic and mor-
phological transformations.

In the case of using frame semantic core, this
algorithm became rather deterministic. Text of user
query transform into semantic frames by the same al-
gorithm, as described earlier, to transform the text into
a semantic representation with one caveat: the inter-
rogative words will be marked as “blank words”. This
helps to split the purpose of generating text into two
categories:

1. Search purpose, i.e. the user with search query
wants to find an answer inmetagraph. In this case,
the model will be like the QnA system.

2. Descriptive purpose, i.e. the user doesn’t have a
certain question in the inputquery, rather the user
wants to learn about something. The algorithm will
subsequently focus on this category of purposes.

With the use of frame semantic core, using
unique approaches related to the features of the se-
mantic core is preferable because of the strict and de-
scriptive structure of frames in FrameNet.

In the case of search, the algorithm will look for
missing values of the vertex in the purpose frame. In
the case of requests with an ambiguous answer (i.e.
purpose were descriptive), a multi-frame response is
obtained, where it is enough to request searches for
certain vertices, and then search for all frames asso-
ciated with this vertex, getting more than one frame.
Then all the relevant parts of the metagraph will be
picked out for the next step.

In both cases, the result is a subgraph of the me-
tagraph representing the response, which is then con-
verted to text. For text transformation, you can use
both algorithmic approaches and deep neural networks
(for example, TS5 [11]).

For syntactic transformation, the only thing that
is needed is the following:
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1. The resulting parts of the metagraph are sorted for
generating text. This isdone by ATTOrderNet [4] or
similar models [18].

2. The frame chain is split into parts that will repre-
sent future sentences. Itcan be done because seman-
tic frames are well-structured, and each one of the
frames makes one meaning. Sentences are generated
based on the frame description of FrameNet. With
the usage of Flesch reading ease scale for natural lan-
guages [5] it can be completed without complex log-
ic: FRE = 206,835 — 1,015 x ASL — 84,6 % ASW;
where ASL is an average number of words per sen-
tence, and ASW is the average number of syllables
per word. For each language, this formula slightly
shifts in coefficients, but the variables stay the same.
It is worth to be noted, that this method of analyz-
ing the complexity of text tends to be a poor cause
of used mean variables. But in the case of splitting
frames into sentences, this approach is enough.

3. Supplementing a chain of frames with punctuation
marks. In most cases,this will be a comma between
frames, unless a period is included.

The presented algorithm can generate texts based
on incoming text queries and constructed metagraph. In
subsequent works, it is planned to refine the algorithm
in the direction of generating texts in other languages,
as well as generating texts with different styles.

5. Experiment

This system will be tested for the tasks of gener-
ating text based on data. A prototype was developed to
test the performance of the system.

"Boat ride" —— > @—.@
a)

“Ride_vehicie”
“Target™ “Vehicle™

@ ©

"Ride_venicie”
“Target® "Vehicke"

® ©

“Ride_vehicle”

Source’ "Target”  sGear

N “Vehicle® O —
from Kowloon ride,
C = o the Central

District across
ictoria Harboy

— -
“Color"Target”

cl

"R hicle®
ide_vehlcle “Ride_vehicle® {
"Source” “Targel”  *Goal" "Source™: "from Kawloon”,
- - “ehicke" = “Target": "ride”,
@ Kowloon _'_'_;__ @/ﬁhp Centra "Goal™: "o the Central District
Victoria Harbor*,
I 1,\ District across =" .a\c;f‘si:b.'_c.ma arber
olor “Targes W - 'Tﬁrﬁ\et"'mal'
"Color™: “white™

(E8)

H
I

d)

Fig.6. Example of implementation of parsing and
generating text
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The system receives the user’s input query in the
form of a text string. According to the rules described
in paragraph “The Text Parsing Module” a text string
is converted into a graph. After that, the query sub-
graph is searched in the graph. In case of successful
finding of the subgraph, the selection of vertices and
links is called the response subgraph.

Next, the selected response subgraph is sent to
the text generation module. T5 input must be repre-
sented as text, so we convert the graph to a text string
according to the following rules:

1. Selected vertices of the response graph are translat-
ed into the response dictionary.

2. The root of the dictionary contains the main vertices.

3. The subtrees of the selected vertices turns into nest-
ed dictionaries.

Suppose we need to find certain information
about a boat ride in the metagraph. In the Fig. 6 a), the
input query transforms into syntax tree according to
parse module. In the Fig. 6 b), the syntax tree parsed
into metagraph that is called query metagraph. In the
Fig. 6 ¢), shows the extraction of the response meta-
graph from the main metagraph by query metagraph.
In the Fig. 6 d), the response metagraph is converted
to a dictionary with nested vertex descriptions that is
called response dictionary.

"Ride_vehicle”
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"Vehicle "ehicle™

“Target®  "Color”

( T Entity” \
"Target"  yghicle"
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2 &)
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1
1l
. 5 i
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Harbor

N S ——

Fig.7. Example of Frame Refining and Sentence
Representation
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The TS5 model [11] is used for transforming re-
sponse dictionary (in text representation) into output
text. It is worth noting that TS can be fine-tuned to gen-
erate the desired style of speech, the desired detail of
the answer. In this experiment, a FrameNet dataset [2] is
used, consisting mainly of news messages. Detailing of
answers varies by the number of selected frames.

There were about 5000 frames and their combina-
tions in the original dataset. The dataset was divided into
training and test samples in the ratio of 90% and 10%.

The response subgraph selection algorithm re-
quires additional research. However, already now it is
possible to vary the number of vertices and links of
the response subgraph used to generate the response,
get more or less detailed answers, control the subject
of the response, the subject area of the response and
many other factors of answer generation.

For example, in the Fig. 7 one can see how the
graph is refined. So, by expanding the meaning of the
word “boat” to “white boat”, we change the output text.

Table 1
Result of the Experiments.

Metric Name Metric Value
BLEU 0.501
METEOR 0.694
Cosine Similarity 0.813

Results of the test dataset validation are shown in
Table 1. According to the definition of BLEU and ME-
TEOR metrics, result text theme is the same theme as
referenced text theme. To confirm that the referenced and
result texts are similar, cosine similarity is calculated.

The conducted experiment proves the idea of this
system. The proposed system allows generating text
based on data. It is worth noting, the FrameNet dataset
has a relatively small number of sentences and frames.
In the future, it is planned to increase the dataset with
other sources, including texts converted into a graph.

6. Related Works and Discussion

The approaches proposed in the article relate to
several areas of NLP, such as knowledge graph rep-
resentation, natural language generation (NLG) and
language modelling.

The article [22] proposes a text-enhanced knowl-
edge graph representation model, named BCRL, which
utilizes entity description and relation mention to en-
hance the knowledge representations of a triple. BCRL
based on TransE [24] which is an energy-based model
that produces knowledge base embeddings. It models
relationships by interpreting them as translations oper-
ating on the lowdimensional embeddings of the entities.
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Article [20] implements a system for generating
the end of a story based on graphs. The implementa-
tion of the answer selection system is implemented as
follows: several nodes of the graph are selected, each
of which is weighted in some way, then these nodes
fall into the answer. GPT-2 [25] and others were used
as technologies.

The article [21] describes a language model
based on the transformer architecture BERT [26], but
with more details about the location of the token within
the text, such as paragraph index, sentence index, and
word index. The experimental results demonstrate that
this proposed method works on both language models
with relative position embeddings and pretrained lan-
guage models with absolute position embeddings. The
F1-score on datasets SQUADI1.1 and SQUAD2.0 [23]
is 92.6 and 85.2 respectively.

Based on the results of the study of related works,
we see the prospect of modern transformers, so in fu-
ture work we will consider the option of combining
metagraph concepts and transformers (e.g., BERT or
GPT-2). Also, in future work it is planned to divide
the system into three modules for a deeper comparison
with other models.

Conclusions

The article proposes the conceptual modeling
system based on a metagraph model that includes three
main steps: synthesis of a conceptual model based on
a text description; conceptual modeling, as a result of
which new conceptual models are formed; analysis of
the results of modeling, decision-making, and the for-
mation of reports based on the decisions made.

The system architecture includes “the text pars-
ing module”, “the text generation module”, and also
“the metagraph concepts modeling module”.

Having analyzed the existing approaches to the
representation of conceptual maps, we can conclude
that the main problem of the existing approaches is the
use of a flat graph as a model for the representation of
a conceptual map.

The “text parsing module” contains the transfor-
mation of the input text using various already existing
techniques into a graph using frames. The resulting
graph is enriched with additional data sources for a
better description of the subject area.

The “Text generation module” is a straight for-
ward algorithm in case of frame semantic core. The T5
model was used as a model for the experiment. Various
query subgraphs are fed to the input, the output is a text.

The metagraph model can be useful for describ-
ing conceptual maps. In this case, we can consider
“simple” and “complex” concepts. At the same time,
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“simple” concepts are modeled using ordinary verti-
ces, and “complex” ones are modeled using metaver-
tices. The use of metavertices to describe conceptual
maps allows us to abandon the representation of a con-
ceptual map in the form of a flat graph and switch to a
holonic spatial description of a conceptual map in the
form of a metagraph.
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